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Laboratory  Tests  to  Predict  the  Performance  of  Metals 

under  Service  Conditions 

D.  W.  SAWYER  AND  R.  B.  MEARS,  Chemical  Metallurgy  Division,  Aluminum  Research  Laboratories,  New  Kensington,  Pa. 


To  predict  the  performance  of  metals  under  service  conditions,  a 
laboratory  test  must  give  results  that  correlate  directly  with  service 
results.  The  most  certain  method  of  designing  a  suitable  laboratory 
test  is  to  simulate  the  conditions  of  service  as  closely  as  possible. 
Attempts  to  accelerate  the  laboratory  test  by  intensifying  one  of  the 
factors  encountered  in  service  often  lead  to  misleading  results. 
Several  examples  of  laboratory  tests  illustrating  these  points  are 
described. 


THERE  are  several  different  reasons  why  engineers  often 
desire  to  predict,  on  the  basis  of  laboratory  tests,  the  behavior 
of  some  specific  metal  or  alloy  under  definite  conditions  of  serv¬ 
ice  (7).  Such  predictions  are  particularly  desirable  when 
equipment  is  required  for  some  new  chemical  or  process  about 
which  no  service  background  has  been  built  up.  Laboratory 
tests  are  also  helpful  in  determining  whether  some  untried  metal 
or  alloy  offers  promise  of  being  more  suitable  than  the  material 
previously  used.  Laboratory  tests  are  often  useful  in  determin¬ 
ing  the  cause  of  attack  which  has  been  encountered  in  service 
’"'-and  in  developing  methods  to  prevent  or  alleviate  this  attack. 
These  uses  of  laboratory  corrosion  tests  are  fairly  well  known. 
They  are  concerned  with  the  effect  of  the  product  under  consid¬ 
eration  on  various  metals  or  alloys  under  the  conditions  of  serv¬ 
ice.  However,  often  it  is  of  importance  to  determine  the  effect  of 
the  metal  or  alloy  on  the  properties  of  the  product  being  proc¬ 
essed.  Such  tests  have  not  been  described  so  frequently.  In 
the  present  paper,  tests  of  both  types  are  described. 

In  the  past,  much  emphasis  has  been  placed  on  accelerated 
corrosion  tests.  All  engineers  would  like  to  be  able  to  evaluate 
the  relative  behavior  of  various  metals  or  alloys  in  a  matter  of 
minutes  instead  of  weeks  or  months.  However,  technical  people 
are  now  beginning  to  realize  that  results  from  tests  “accelerated” 
by  altering  certain  factors  encountered  in  service  will  generally 
lead  to  false  conclusions.  It  is  becoming  axiomatic  that  the  more 
closely  the  laboratory  test  conditions  approach  the  conditions  of 
service,  the  more  dependable  the  results  will  be.  The  tests  de¬ 
scribed  below  illustrate  the  validity  of  this  axiom. 


GASOLINE  STORAGE  TESTS 

Airplane  gas  tanks  made  of  aluminum  alloys  have  been  widely 
used,  and  in  general,  have  given  very  satisfactory  service.  How¬ 
ever,  in  tanks  of  a  particular  design,  corrosion  was  encountered 
after  about  one  year’s  service.  In  order  to  determine  whether  the 
newer  fuels  being  used  in  these  tanks  were  responsible  for  this 
attack,  a  series  of  tests  was  conducted  ( 9 )  in  which  strips  of 
several  aluminum  alloys  were  exposed  in  glass  bottles  to  the  vari¬ 
ous  fuels  in  both  the  presence  and  absence  of  liquid  distilled  water. 

In  no  case  were  the  specimens  of  any  of  the  aluminum  alloys 
appreciably  attacked  after  one  year’s  exposure.  Evidently  the 


fuels  themselves,  even  in  the  presence  of  water,  were  inert  to 
aluminum.  Some  other  factor  or  factors  must  have  caused  the 
attack  under  service  conditions. 

Therefore,  a  new  test  was  run.  Open  boxes  were  constructed 
of  aluminum  alloys.  These  boxes  included  torch-welded,  spot- 
welded,  and  riveted  joints  to  simulate  the  construction  of  actual 
gasoline  tanks  and  were  equipped  with  cast  fittings  like  those 
used  in  the  actual  tanks. 

Since  the  previous  test  had  indicated  that  the  various  fuels, 
even  in  the  presence  of  distilled  water,  had  no  action  it  was  de¬ 
cided  to  use  a  typical  leaded  aircraft  fuel  plus  a  3.5%  sodium 
chloride  solution  in  distilled  water.  The  gasoline  layer  was 
changed  every  week  and  the  sodium  chloride  solution  was 
changed  every  month. 

After  one  year  it  was  apparent  that  corrosion  had  developed, 
but  the  type  of  attack  obtained  was  not  similar  to  that  which 
had  occurred  in  service.  Therefore,  the  test  was  not  considered 
to  be  dependable. 

In  the  meantime,  with  the  cooperation  of  the  aircraft  operators, 
it  was  found  that  an  aqueous  phase  collected  in  the  bottom  of  the 
particular  tanks  in  service  and  that  these  tanks  were  designed 
so  that  it  was  impossible  to  remove  this  entrapped  liquid  com¬ 
pletely.  An  attempt  was  made  to  collect  samples  of  this  watery 
layer. 

Drainings  from  individual  tanks  after  each  flight  gave  from  a 
few  drops  to  a  tablespoonful  of  this  liquid.  These  drainings  were 
accumulated  until  about  5  gallons  were  obtained.  A  new  test 
was  started  using  small  enclosed  aluminum  alloy  boxes  provided 
with  all  the  features  of  the  service  tanks.  The  boxes  were 
equipped  with  cast  fittings  and  breather  vents  just  as  are  the 
large  tanks.  A  small  portion  of  the  tank  drainings  was  placed  in 
each  small  tank  and  then  these  tanks  were  partially  filled  with 
leaded  aircraft  fuel. 

The  tanks  were  installed  in  a  delivery  truck  so  that  they  could 
be  agitated  in  a  manner  somewhat  similar  to  that  under  service 
conditions.  In  addition,  the  gasoline  layer  was  changed  every 
week  and  the  aqueous  layer  every  month. 

When  all  these  precautions  were  followed,  test  results  simulat¬ 
ing  those  of  service  were  obtained.  Once  a  dependable  test  was 
available,  it  was  possible  to  evaluate  various  alloys,  types  of  con¬ 
struction,  and  other  factors  and  thus  to  find  a  solution  to  the 
problem. 

This  is  probably  an  extreme  case,  but  it  will  illustrate  the 
necessity  for  duplicating  the  conditions  of  service  if  a  dependable 
laboratory  test  is  to  be  obtained. 

MUTUAL  EFFECT  OF  GASOLINE  AND  METALS 

In  selecting  a  material  for  the  construction  of  storage  tanks  or 
shipping  containers  for  fuels,  it  is  important  to  select  one  which 
has  no  deleterious  effect  on  the  fuel.  There  are  several  published 
references  to  the  effect  of  metals  on  the  rate  of  gum  formation  in 
fuels  contacting  them,  but  most  of  these  tests  were  conducted 
at  elevated  temperatures  {11,  15).  It  is  by  no  means  certain  that 
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Table  I.  Gum  Determinations  of  Gasolines  before  and  after  Storage 

for  Five  Months 

Final 


Gasoline 

Initial 

Blanks0 

Alumi¬ 

num 

alloy 

2S-1/2H 

&  Steel 

Copper 

Stain¬ 

less 

steel 

Straight  run 

Mg./ 100 
ml. 

0.2 

Mg. 

0.4 

per  100  ml. 

0.2  0.2 

0.2 

Cracked 

3.2 

7.6 

7.2 

6.2 

1525.8 

9.2 

Blended 

2.3 

5.2 

2.2 

31.2 

1.4 

Straight  run,  leaded 
Cracked, leaded 

0.6 

0.8 

0.6 

1.0 

2.0 

2.5 

5.6 

4.6 

5.2 

1724.0 

6.4 

Blended,  leaded 

1.8 

3.2 

3.2 

2.4 

144.0 

3.4 

a  Blanks  stored  in  contact  with  glass. 
&  Commercially  pure  aluminum. 


Table  II.  Induction  Period  of  Gasolines  before  and  after  Storage  for 

Five  Months 

Final 


Aluminum 

alloy  Stainless 


Gasoline 

Initial 

Blanks'* 1 

2S-‘/,H& 

Steel 

Copper 

steel 

Hours 

Hours 

Hours 

Hours 

Hour 

Hours 

Cracked 

3.0 

2.75 

3.0 

3.5 

0.25 

3.25 

Blended 

4.0 

4.25 

4.5 

0.5 

4.5 

Cracked,  leaded 

3.6 

4.0 

4.0 

4.0 

0.5 

3.5 

Blended,  leaded 

4.75 

5.25 

5.5 

6.5 

0.5 

5.25 

“  Blanks  stored  in  contact  with  glass. 
&  Commercially  pure  aluminum. 


the  relative  behavior  of  the  different  metals  would  be  the  same  at 
high  temperatures  as  at  room  temperatures,  yet  storage  containers 
are  used  at  room  temperatures.  For  this  reason,  a  test  was  run 
under  conditions  simulating  those  of  storage. 

Thin  sheet  specimens  of  the  various  metals  were  used.  These 
sheets  were  5.25  mm.  (0.021  inch)  thick  by  10  cm.  (4  inches) 
wide  by  150  cm.  (60  inches)  long,  rolled  into  a  coil  about  10  cm. 
(4  inches)  in  diameter.  Specimens  of  commercially  pure  alumi¬ 
num  (2S-1/2H),  copper,  low-carbon  steel,  and  stainless  steel  (18% 
Cr  +  8%  Ni)  were  prepared  in  this  manner. 

Each  coil  was  placed  in  a  separate  glass  museum  jar,  to  which 

1  liter  of  a  fuel  of  known  properties  and  100  ml.  of  distilled  water 
were  added.  This  filled  the  jars  approximately  one-third  full, 
leaving  a  large  air  space  above  the  liquid.  Lids  were  placed  on 
the  jars  and  sealed  on  to  minimize  evaporation. 

The  metal  specimens  extended  up  above  the  gasoline  layer 
for  about  2.5  cm.  (1  inch)  into  the  air  space.  Thus,  the  metal 
coils  had  a  surface  area  to  gasoline  volume  ratio  of  about  2.3 
sq.  cm.  per  ml.  For  a  standard  55-gallon  drum,  the  area- volume 
ratio  is  about  0.094  sq.  cm.  per  ml.  or  only  about  V25  that  of  the 
test  specimens.  This  method  of  ‘  ‘accelerating”  a  test  is  one  of  the 
few  believed  to  be  relatively  safe  in  most  cases. 

Specimens  of  each  of  the  four  metals  were  tested  in  contact 
with  each  of  six  types  of  fuels.  The  test  was  continued  for  5 
months  at  room  temperature.  At  the  beginning  of  the  test  and 
at  its  conclusion  the  A.P.I.  gravities,  octane  numbers,  oxidation 
induction  periods,  and  gum  contents  of  the  fuels  were  measured 
by  standard  A.S.T.M.  procedures  ( 6 ). 

Some  of  the  results  are  given  in  Tables  I,  II,  and  III.  These 
results  indicate  that  cracked  or  blended  fuels  are  definitely  af¬ 
fected  by  contact  with  copper.  It  can  be  seen  in  Table  I  that  the 
effect  of  copper  on  gum  formation  is  most  pronounced.  The  ef¬ 
fect  of  copper  on  the  oxidation  induction  period  is  also  definite, 
as  shown  in  Table  II.  Although  the  effect  of  copper  on  the  oc¬ 
tane  numbers  of  the  fuels  was  appreciable  (Table  III),  the  mag¬ 
nitude  was  less  pronounced  than  in  the  case  of  the  gum  formation 
or  oxidation  induction  periods  of  the  fuels.  No  definite  changes 
in  the  other  measured  properties  were  detected,  so  these  are  not 
reported  here. 

The  gasoline  stored  in  contact  with  the  other  metals  was  not 
affected,  as  judged  by  these  property  measurements.  However, 
the  gasoline  stored  in  contact  with  low-carbon  steel  became  filled 
with  finely  divided  rust  particles. 

Figure  1  shows  the  appearance  of  the  steel  specimen  at  the 
conclusion  of  the  test.  The  heavy  rust  layer  which  formed  be¬ 
tween  the  coil  turns  is  clearly  shown. 

Figure  2  illustrates  the  aluminum  and  copper  specimens  at  the 


conclusion  of  the  test.  The  discoloration  of  the  gasoline  in  con¬ 
tact  with  the  copper  was  caused  by  heavy  gum  formation. 

The  stainless  steel  and  aluminum  specimens  showed  no  evi¬ 
dence  of  attack  and  caused  no  more  alteration  in  properties  of 
the  fuels  than  did  contact  with  glass  alone. 

MUTUAL  EFFECT  OF  OILS  AND  METALS 

A  somewhat  similar  study  is  being  made  of  the  mutual  effect  of 
lubricating  oils  and  metals,  employing  a  method  of  testing  similar 
to  the  proposed  A.S.T.M.  method  for  studying  the  oxidation 
characteristics  of  steam-turbine  oils  ( 5 ). 

Instead  of  the  wire  coil  used  in  the  A.S.T.M.  test,  sheet 
specimens  (10  X  15  cm.  in  size)  of  several  different  metals  bent 
in  the  form  of  square  tubes  have  been  substituted.  The  surface 
area  of  these  tubes  was  similar  to  that  of  the  wire  samples  or¬ 
dinarily  employed — that  is,  1  sq.  cm.  of  metal  per  ml.  of  oil. 
Sheet  specimens  were  used  instead  of  wires,  since  wires  of  small 
diameter  are  affected  to  a  much  greater  extent  in  certain  environ¬ 
ments  than  are  flat  surfaces  (12).  Moisture  was  supplied  to  the 
oils,  since  in  service  moisture  will  generally  be  present.  In  tests 
being  run  at  90°  C.,  20  ml.  of  distilled  water  were  added  to  each 
sample  of  100  ml.  of  oil.  In  tests  run  at  120°  C.  the  oxygen, 
which  was  bubbled  through  the  oil  samples,  was  saturated  with 
distilled  water. 

_  The  tests  were  run  in  glass  tubes  600  mm.  long  and  45  mm.  in 
diameter,  each  equipped  with  an  individual  condenser.  The 
volume  of  oil  used  in  each  tube  was  300  ml.  Oxygen  was  bubbled 
through  the  oil  in  each  tube  at  the  rate  of  3  liters  per  hour.  In¬ 
dividual  specimens  of  the  various  metals  being  investigated  were 
placed  in  the  tubes.  The  oil  in  the  tubes  was  held  at  the  desired 
temperature  by  means  of  an  oil  bath. 

Small  samples  of  the  oil  were  removed  from  tubes  at  regular 
intervals  and  the  neutralization  number  (4)  was  determined.  At 


Figure  1.  Steel  Specimen  after  Five 
Months’  Exposure  to  Gasoline  and 
Distilled  Water 

Note  heavy  rust  layer  which  formed  between  the 
coil  turns 


Table  III.  Octane  Numbers  of  Gasolines  before  and  after  Storage  for 
Five  Months  with  Metals 

Final 


Gasoline 

Initial 

Blanks0 

Alumi¬ 

num 

alloy 

2S-V2H» 

Steel 

Copper 

Stain¬ 

less 

steel 

Straight  run 

57.0 

50.6 

51.1 

50.2 

51.1 

Cracked 

76.0 

73.2 

72.2 

73.1 

67.6 

73.0 

Blended 

68.3 

63.8 

64.3 

63.2 

64.8 

Straight  run,  leaded 

75  3 

73.4 

72.9 

72.7 

71.9 

83.4 

Cracked, leaded 

85.1 

83.2 

83.3 

83.7 

75.1 

Blended,  leaded 

81.6 

80.5 

79.7 

81.2 

77.7 

80.8 

a  Blanks  stored  in  contact  with  glass. 
6  Commercially  pure  aluminum. 
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Figure  2.  Specimens  at  Conclusion  of  Test 
Left.  Typical  aluminum  specimen  after  exposure  to  leaded  straight-run  gasoline 
and  distilled  water  for  5  months.  Right.  Copper  specimen  exposed  to  leaded 
cracked  gasoline  and  distilled  water  for  5  months 


Table  IV.  Oxidation  of  a  Solvent-Refined  Pennsylvania  Lubri¬ 
cating  Oil  at  120°  C.  in  Presence  of  Moisture  and  Various  Metals 


Metal 

Hours 

Oxidized 

Neutralization 

Number 

Unoxidized  oil 

0.05 

No  metal 

1344 

0.78 

Aluminum  alloy  14S-T° 

1344 

1.35 

Aluminum  alloy  2S-04 

1344 

1.08 

Aluminum  alloy  52S-l/,Hc 

1344 

0.80 

Copper 

117 

2.70 

Zinc 

1344 

1.05 

Low-carbon  steel 

472 

2.13 

Stainless  steel 

1344 

1.23 

Tinplate 

1344 

1.48 

°  Aluminum  alloy,  nominal  composition:  4.4%  Cu,  0.8%  Si,  0.8%  Mn, 
0.4%  Mg. 

4  Commercially  pure  aluminum. 

c  Aluminum  alloy,  nominal  composition:  2.5%  Mg,  0.25%  Cr. 


the  conclusion  of  the  test,  other  properties  of  the  oil  samples, 
such  as  interfacial  tension  (du  Noiiy  method),  steam  emulsion 
number  (2),  A.S.T.M.  color  number  ( 1 ),  and  viscosity  (3) 
were  also  determined  and  the  changes  in  weight  or  appearance 
of  the  metal  samples  were  noted. 

At  the  present  time,  one  series  of  tests  has  been  completed,  in 
which  a  solvent-refined  Pennsylvania  lubricating  oil  was  used 
and  the  tests  were  run  at  120°  C.  (Table  IV). 

Another  series  of  tests  at  90°  C.  has  been  started. 

In  the  test  run  at  120°  C.,  it  was  found  that 
copper  definitely  increased  the  neutralization 
number  of  the  oil  after  117  hours’  exposure,  so 
this  sample  was  removed  from  test  (see  Table  IV). 

The  oil  in  contact  with  the  low-carbon  steel 
sample  ran  for  472  hours,  after  which  time  its 
neutralization  number  was  markedly  increased; 
it  was  therefore  removed  from  the  test.  The 
other  samples  were  continued  in  test  for  1344 
hours.  At  the  end  of  this  extended  period  of 
exposure,  it  was  found  that  the  neutralization 
numbers  of  the  oils  had  been  affected  somewhat 
more  in  the  cases  of  the  samples  exposed  in  con¬ 
tact  with  tinplate,  aluminum  alloy  14S-T,  or  stain¬ 
less  steel  than  for  the  remaining  samples.  The 
effect  of  zinc  and  aluminum  alloy  2S-0  was  very 


slight  and  the  oil  exposed  in  contact  with  aluminum  alloy  52S- 
V2H  was  affected  no  more  than  the  oil  exposed  in  the  absence 
of  any  metal. 

The  tests  being  run  at  90°  C.  are  giving  qualitatively  similar 
results.  The  oil  in  contact  with  copper  was  definitely  affected 
after  8  days,  and  marked  sludging  occurred  (Figure  3).  No 
sludging  developed  in  the  case  of  oil  exposed  to  the  other  metal 
specimens.  After  degreasing,  the  appearance  of  some  of  these 
other  specimens  at  the  conclusion  of  the  test  is  shown  in  Figure 
4.  The  steel  was  definitely  rusted  and  the  tinplate  was  attacked 
near  one  edge.  The  zinc  showed  a  few  shallow  corroded  grooves 
and  the  other  two  specimens  (aluminum  alloy  14S-T  and  stainless 
steel)  showed  only  a  mild  surface  staining. 

The  interpretation  of  these  test  results  in  terms  of  service  is 
not  known.  However,  qualitatively  similar  results  were  obtained 
by  Hunter  and  co-workers  (10)  under  conditions  more  nearly 
simulating  those  of  service.  It  would  be  expected  that  where 
oils  are  used  at  elevated  temperature,  in  the  presence  of  air  and 
moisture,  these  test  results  would  correlate  qualitatively  with 
service  performance. 

CATHODIC  PROTECTION  TESTS 

The  use  of  solution  potential  measure¬ 
ments  to  predict  whether  cathodic  protec¬ 
tion  ( 8 ,  Hi)  can  be  successfully  applied 
furnishes  an  example  of  another  type  of 
laboratory  test.  If  two  dissimilar  metals 
are  coupled  together  and  immersed  in  an 
electrolyte,  in  general,  an  electric  current 
will  flow  between  them.  The  metal  from 
which  positive  current  leaves  to  enter  the 
electrolyte  is  the  anode  and  the  other 
metal  is  the  cathode.  Normally  attack  of 
the  anodic  metal  is  stimulated  by  such  a 
contact  while  attack  of  the  cathodic  metal 
is  reduced.  This  reduction  in  attack  of 
the  cathodic  metal  caused  by  current 
flowing  to  it  from  the  solution  is  termed 
cathodic  protection.  The  mechanism  of 
this  protection  has  been  discussed  in  pre¬ 
vious  papers  (8, 13). 

In  the  classical  electromotive  series, 
aluminum  is  listed  as  having  a  more  anodic 
solution  potential  than  zinc.  However, 
in  many  natural  waters,  including  sea 
water,  zinc  is  anodic  to  aluminum.  There¬ 
fore,  in  such  waters  zinc  attachments  can 
be  used  to  protect  aluminum  chemical 
equipment  cathodically.  Furthermore,  it 
should  be  possible  to  determine  under 
what  conditions  cathodic  protection  of 


Figure  4.  Effect  of  a  Solvent-Refined  Pennsylvania  Lubricating  Oil  upon  Metal 
Specimens  Oxidized  at  90°  C.  in  Presence  of  Water 


Tinplate 
Copper 
Stainless  steel 


Zinc 

Aluminum  alloy  14S-T 
Low-carbon  steel 


Figure  3.  Sludge 

Formed  by  solvent- 
refined  Pennsyl¬ 
vania  lubricating  oil 
oxidized  in  pres¬ 
ence  of  copper  and 
water  at  90°  C.  for 
8  days 
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Table  V.  Potential  Difference  between  Zinc  and  Aluminum  in 
Various  Solutions 


Composition  of  Solution 


3.5%  NaCl 
3.5%  NaCl  +  NaOH 
3.5%  NaCl  +  NaOH 
3.5%  NaCl  +  NaOH 
3.5%  NaCl  +  0.001%  NaOH 
3.5%  NaCl  +  0.01%  NaOH 
3.5%  NaCl  +  0.1%  NaOH 

3.5%  NaCl  +  0.001%  HC1 
3.5%  NaCl  +  0.01%  HC1 
3.5%  NaCl  +  0.1%  HC1 

3.5%  Na2SO, 

3.5%  Na2S04  +  0.01%  NaOH 
3.5%  Na2S04  +  0.01%  H2S04 

3.5%  NaNOa 

3.5%  NaNOs  +  0.01%  NaOH 
3.5%  NaNOs  +  0.01%  HNOj 

3.5%  NaCl 
3.5%  NaCl 
3.5%  NaCl 


pH 

Temp. 

Potential  Difference 

o 

Volt 

6.5 

77 

0.22  (Zinc  anodic) 

7.5 

77 

0 . 15  (Zinc  anodic) 

8.5 

77 

0.05  (Zinc  anodic) 

9.0 

77 

0 . 02  (Zinc  anodic) 

9.8 

77 

0.16  (Aluminum  anodic) 

10.7 

77  - 

0.37  (Aluminum  anodic) 

11.2 

77 

0.58  (Aluminum  anodic) 

3.7 

77 

0.30  (Zinc  anodic) 

2.6 

77 

0.31  (Zinc  anodic) 

1.6 

77 

0.28  (Zinc  anodic) 

6.0 

77 

0.32  (Zinc  anodic) 

10.8 

77 

0.23  (Aluminum  anodic) 

3.4 

77 

0 . 19  (Zinc  anodic) 

5.6 

77 

0. 15  (Zinc  anodic) 

10.7 

77 

0.22  (Aluminum  anodic) 

2.8 

77 

0.05  (Zinc  anodic) 

6.4 

122 

0 . 18  (Zinc  anodic) 

6.9 

158 

0. 16  (Zinc  anodic) 

7.3 

185 

0. 16  (Zinc  anodic) 

in  predicting  the  feasibility  of  cathodic  protection  under  service 
conditions. 

In  addition  to  proper  potential  relationships,  suitable  spacing 
of  zinc  attachments  is  required  in  order  for  protection  to  be  100% 
effective.  Location  and  distribution  of  the  zinc  attachments  are 
much  more  difficult  to  determine  by  laboratory  tests.  At  present 
these  points  are  generally  determined  by  engineering  judgment 
based  on  the  analysis  of  the  water,  the  potentials  of  zinc  and 
aluminum,  and  the  construction  of  the  part  to  be  protected. 

SUMMARY 

To  predict  the  performance  of  metals  under  service  conditions, 
laboratory  test  must  give  results  that  correlate  directly  with  serv¬ 
ice  results,  and  conditions  of  service  must  be  simulated  as  closely 
as  possible.  Attempts  to  accelerate  the  laboratory  test  by  in¬ 
tensifying  one  of  the  factors  encountered  in  service  often  lead  to 
misleading  results. 

The  development  of  a  test  of  aircraft 


50%  acetic  acid 


77  0.1  (Zinc  anodic) 


fuel  tanks  is  described.  Results  obtained 


Table  VI.  Potential  Difference  between  Zinc  and  Aluminum  in  Industrial  Waters 

Composition  of  Water 


Source  of  Water 
New  Kensington,  Pa.,  tap  water 

Memphis,  Tenn.,  well  water 

Manitowac,  Wis.,  tap  water 

Kewaunee,  Wis.,  tap  water 
Altoona,  Pa.,  synthetic  tap  water 

Gowanus  Canal,  Brooklyn  (under 
quiescent  conditions) 

Gowanus  Canal,  Brooklyn  (air 
bubbled  through  solution) 


pH 

Cl 

SO, 

Total 

solids 

P.p.m. 

P.p.m. 

P.p.m. 

7.8 

8 

91 

169 

7.9 

8 

91 

169 

8.1 

8 

91 

169 

8.2 

8 

91 

169 

7.2 

7.4 

7.8 

8.5 

8.4 

U 

90 

318 

8.5 

14 

90 

318 

8.2 

14 

90 

318 

8.7 

14 

90 

318 

8.0 

34 

261 

687 

8.1 

34 

261 

687 

7.8 

34 

261 

687 

4.8 

5 

61 

98 

4.4 

5 

61 

98 

4.1 

5 

61 

98 

4.3 

5 

61 

98 

7.3 

9,000 

1,200 

18,530 

7.3 

9,000 

1,200 

18,530 

Temp. 

°  F. 

Potential  Difference 
Volt 

77 

Zn  anodic  to  A1 

0.27 

122 

Zn  anodic  to  A1 

0.23 

158 

Zn  anodic  to  A1 

0.26 

185 

Zn  anodic  to  A1 

0.10 

77 

Zn  anodic  to  A1 

0.44 

122 

Zn  anodic  to  A1 

0.23 

158 

Zn  anodic  to  A1 

0.16 

185 

A1  anodic  to  Zn 

0.01 

77 

Zn  anodic  to  A1 

0.53 

122 

Zn  anodic  to  A1 

0.40 

158 

A1  anodic  to  Zn 

0.08 

185 

A1  anodic  to  Zn 

0.1 

77 

Zn  anodic  to  A1 

0.39 

122 

Zn  anodic  to  A1 

0.41 

158 

A1  anodic  to  Zn 

0.03 

77 

Zn  anodic  to  A1 

0.50 

122 

Zn  anodic  to  A1 

0.40 

158 

Zn  anodic  to  A1 

0.50 

185 

Zn  anodic  to  A1 

0.46 

77 

Zn  anodic  to  A1 

0.29 

77 

Zn  anodic  to  A1 

0.26 

from  simple  tests  which  neglected  various 
service  factors  were  inconclusive;  it  was 
necessary  todupli cate  the  conditionsof  serv¬ 
ice  in  order  to  obtain  dependable  results. 

In  two  tests  the  effect  of  the  metal  on 
its  environment  was  of  more  importance 
than  the  corrosion  resistance  of  the  metal 
itself.  Copper  was  found  to  accelerate 
the  decomposition  of  cracked  fuels  at  room 
temperature  and  the  decomposition  of  a 
lubricating  oil  at  higher  temperatures. 
Aluminum  alloys  and  stainless  steel  were 
generally  inert  in  these  tests.  Other 
metals  and  alloys  had  a  definite  effect  under 
specific  conditions. 

Measurement  of  solution  potentials  of 
zinc  and  aluminum  has  been  found  to  be  a 
useful  laboratory  test  for  predicting  the 
feasibility  of  using  cathodic  protection  for 
aluminum  chemical  equipment.  A  corre¬ 
lation  between  service  results  and  poten¬ 
tial  measurements  is  given. 


this  kind  is  feasible,  by  measuring  the  solution  potentials  of  zinc 
and  aluminum  under  conditions  similar  to  those  of  service. 

In  Tables  V  and  VI  the  potentials  of  zinc  and  aluminum  in  a 
wide  variety  of  natural  waters  and  dilute  salt  solutions  are  given. 
In  most  cases,  zinc  is  anodic  to  aluminum  in  nearly  neutral  or  in 
definitely  acid  solutions,  but  reverses  in  potential  in  alkaline 
solutions.  Usually  the  potential  difference  is  less  favorable  for 
cathodic  protection  in  hot  solution  than 
in  cooler  solutions. 

For  the  past  5  years,  wherever  the  ap¬ 
plication  of  cathodic  protection  to  alumi¬ 
num  equipment  was  considered,  the  solu¬ 
tion  potentials  of  zinc  and  aluminum  have 
been  measured  in  the  particular  solution 
or  water  in  question  at  the  service  tem¬ 
perature  and  the  decision  as  to  whether 
cathodic  protection  by  zinc  attachments 
was  feasible  has  been  based  on  these 
measurements. 

The  results  of  measurements  of  solution 
potentials  and  of  behavior  under  service 
conditions  are  given  in  Table  VII.  It 
will  be  noted  that  in  all  cases  where  zinc 
was  found  to  be  definitely  anodic  to  alu¬ 
minum,  the  use  of  zinc  attachments  under 
service  conditions  has  been  beneficial. 

Thus,  the  laboratory  measurement  of  solu¬ 
tion  potentials  has  proved  highly  effective 
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Table  VII.  Examples  of  Cathodic  Protection  of  Aluminum  by  Zinc  in  Industry 


Service  Application 

Composition  of  Cooling 
Water 

Total 

Potential 
Difference, 
Zn  Anodic 

Results 

pH 

Cl 

P.p.m. 

S04 

P.p.m. 

solids 

P.p.m. 

Temp. 

0  F . 

to  A1 

Volt 

Period 

Years 

Protection 

Shell  and  tube  condenser, 
reclaimed  water 
through  tubes 

4.1 

14 

5 

53 

120 

0.5 

2 

Complete 

Ammonia  dephlegmator, 
spray  pond  water 

6.7 

208 

1,159 

2,067 

77 

0.39 

2 

Partial 

Ammonia  dephlegmator, 
spray  pond  water 

6.7 

208 

1,159 

2,067 

160 

0.28 

2 

Partial 

Heat  exchanger,  A1  tubes, 
cast  iron  shell  and 
headers  for  cooling 
gases  from  Solvay 
process  with  water 

8.2 

19 

57 

347 

60 

0 

Partial 

Drinking  water  cooler, 
aluminum  tubes 

7.8 

8 

91 

169 

40 

0.25 

3.5 

Complete 

Jacketed  tank  for  recrys¬ 
tallizing  tartaric  acid 
with  water  as  coolant 

7.3 

9,000 

1,200 

18,530 

77 

0.29 

2 

Complete 

Condenser  containing 
aluminum  tubes,  steel 
shell,  and  well  water 

7.2 

77 

0.44 

7  mos. 

Complete 
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Ternary  Mixtures  of  Three  Isomeric  Heptanes 

A  Quantitative  Method  of  Analysis 

VERLE  A.  MILLER,  Research  Laboratories  Division,  General  Motors  Corporation,  Detroit,  Mich. 


This  paper  describes  a  method  based  on  a  refinement  of  the  solution 
<  :emperature  of  the  hydrocarbon  mixture  in  diethyl  phthalate  and 
litrobenzene,  by  which  the  composition  of  a  mixture  containing 
12,4-  and  2,2-dimethylpentane  with  2,2,3-trimethylbutane  may  be 
determined  quantitatively,  the  first  two  components  within  3%  and 
he  last  component  within  0.3%.  The  entire  analysis  requires 
approximately  one  hour. 

FRACTIONAL  distillation,  supplemented  with  curves  for 
other  pertinent  physical  data,  is  entirely  suitable  for  the 
I  malysis  of  paraffin  mixtures  up  to  and  including  the  hexanes, 
put  these  methods  alone  are  not  adequate  for  the  analysis  of 
pertain  mixtures  of  the  heptanes  (see  Table  I). 

I  Attempts  have  been  made  by  a  great  many  workers,  in  several 
I  ields  of  research,  to  develop  adequate  methods  of  hydrocarbon 
malysis.  These  include  ultraviolet  and  infrared  absorption 
j  spectra  {3,  19,  22,  24,  25)  and  Raman  spectra  ( 9 ,  14,  15,  26,  32), 
ind  more  recently  the  mass  spectrograph  has  been  applied  to 
he  solution  of  this  problem.  Rosenbaum,  Grosse,  and  Jacobson 
\  [26),  in  their  work  on  the  Raman  spectra  of  the  nine  isomeric 
aeptanes,  report  that  analysis  of  close  to  50-50  binary  mixtures 
have  results  within  5%.  However,  an  attempted  analysis  of 
;he  ternary  mixture  of  2,4-  and  2,2-dimethylpentane  with  2,2,3- 
;rimethylbutane  (the  heptane  mixture  which  boils  at  about 
GO0  C.),  even  in  approximately  equal  proportions,  gave  results 
vhich  varied  as  much  as  12%. 

This  paper  describes  a  method,  based  on  a  refinement  of  the 
solution  temperature  of  the  hydrocarbon  mixture  in  diethyl 
ihthalate  and  nitrobenzene,  by  which  the  composition  of  a 
nixture  containing  2,4-  and  2,2-dimethylpentane  with  2,2,3- 
rimethylbutane  may  be  determined  quantitatively,  the  first 
wo  components  within  3%  and  the  last  component  within 
).3%.  In  order  to  analyze  such  a  ternary  mixture  quantitatively, 
t  is  only  necessary  to  determine  the  solution  temperature  of  the 
inknown  sample  in  diethyl  phthalate  and  nitrobenzene  with  an 
iccuracy  of  ±0.01°  C.  These  temperatures  are  then  used  with 
i  series  of  calibration  curves,  which  were  prepared  with  mixtures 
>f  known  composition,  to  determine  graphically  the  percentage 
>f  each  of  the  three  constituents  present  in  the  unknown  mixture. 
The  entire  analysis  requires  approximately  one  hour. 

HISTORY  OF  APPLICATION  OF  CRITICAL  SOLUTION  TEMPERATURE 
MEASUREMENTS  TO  HYDROCARBON  ANALYSIS 

Chavanne  and  Simon  ( 6 )  first  observed  that  the  presence  of 
iromatic  hydrocarbons  decreased  the  critical  solution  tempera¬ 


ture  of  a  hydrocarbon  mixture  in  aniline  and  that  the  lowering 
was  directly  proportional  to  the  weight  of  aromatics  present. 
Tizard  and  Marshall  {31)  introduced  the  more  simple  determi¬ 
nation  of  “aniline  points”,  which  numerous  workers  {2,  4,  15, 
17,  18,  21,  23)  have  shown  to  be  of  the  greatest  utility  for  the 
determination  of  the  quantity  of  the  various  classes  of  compounds 
present  in  gasoline  and  kerosene  distillates.  It  has  been  common 
practice  to  employ  pure,  dry  aniline  that  will  give  an  aniline  point 
of  70°  ±0.1°  C.  for  n-heptane  and  a  reproducibility  of  about 
0.1°  C.  is  usually  claimed.  As  compared  with  freshly  distilled 
aniline,  water-saturated  aniline  may  cause  a  rise  of  as  much  as 
20°  C.  in  the  observed  aniline  point.  Tilitsheyew  and  Dumskaya 
( 29 )  studied  the  method  for  mixtures  of  pure  aromatic  hydro¬ 
carbons  and  mixtures  of  pure  aromatic  hydrocarbons  with 
light  petroleum  distillates.  Aubree  {1)  used  a  second  solvent, 
benzyl  alcohol,  and  thus  obtained  two  equations  with  two  un¬ 
knowns  which  he  could  solve  for  the  aromatic  content  without 
removal  of  these  hydrocarbons  by  chemical  means.  Ersldne 
{12)  first  used  nitrobenzene  instead  of  aniline  for  the  determi¬ 
nation  of  aromatics  and  reported  that  this  critical  solution  tem¬ 
perature  decreased  with  rise  in  molecular  weight  instead  of 
increasing  as  with  aniline. 

Considerable  work  on  the  critical  solution  temperature  of 
various  pure  hydrocarbons  in  one  or  more  of  the  three  solvents, 
aniline,  benzyl  alcohol,  or  nitrobenzene  has  been  done  by 
Chavanne  and  Simon  {6),  Garner  {13),  Maman  {20),  Edgar  and 
Calingaert  {10),  and  Wibaut,  Hoog,  and  Smittenberg  {33).  As 
far  as  the  author  has  been  able  to  determine  there  is  no  mention 
in  the  literature  of  any  attempt  to  use  this  valuable  and  easily 
determined  constant  for  the  quantitative  determination  of 
individual  paraffin  compounds  which  are  present  in  a  mixture. 

SEARCH  FOR  OTHER  CRITICAL  SOLUTION  TEMPERATURE  SOLVENTS 

A  preliminary  study  showed  that  the  spread  between  the 
aniline  points  of  pure  2,4-  and  2,2-dimethylpentane  is  only 
0.35°  C.  This  agrees  well  with  the  value  (0.4°)  obtained  by 
Wibaut,  Hoog,  and  Smittenberg  {33)  but  not  with  that  (1.1°) 
obtained  by  Edgar  and  Calingaert  {10)  (see  Table  I). 

In  all,  97  compounds  were  investigated  in  an  attempt  to  find 
solvents  which  would  give  a  wider  spread  of  solution  tempera¬ 
tures  for  these  two  hydrocarbons.  The  criteria  for  such  a  solvent 
are:  It  must  be  obtainable  in  a  pure  state;  it  should  be  fairly 
stable;  it  must  give  a  solution  temperature  within  a  reasonable 
working  range;  and  it  must  give  a  satisfactory  end  point  with  a 
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Table  I.  Physical  Data 


Boiling  Point, 


Hydrocarbon 

°  C. 

Refractive  Index,  n2p 

2,2-Dimethylpentane 

79.1° 

1.3823  (10,  16);  1.3822  (37,  S3) 

2,4-Dimethylpentane 

80.8 

1.3814(3,30);  1.3820  (S3);  1.3822  (S3); 
1.38233  (10) 

2,2,3-Trimethylbutane 

80.83 

1.3894  (10);  1.3896  (33);  1.3899  (IS) 

3,3-Dimethylpentane 

86.0 

1.3911 

2,3-Dimethylpentane 

89.7 

1.3920 

2-Methylhexane 

90.0 

1.3851 

3-Methylhexane 

91.8 

1.3887 

3-Ethylpentane 

93.3 

1.3937 

n-Heptane 

98.38 

1.38774 

“  Data  given  without  literature  reference  taken  from  (11). 

paraffin  hydrocarbon.  When  these  conditions  were  satisfied 
only  12  solvents  remained  to  be  studied. 

The  solution  temperature  of  each  of  6  isomeric  heptanes  in 
equal  volume  with  the  various  solvents  was  determined  with  an 
accuracy  of  about  0.1°  C.,  using  an  iron-constantan  thermo¬ 
couple  and  a  Leeds  &  Northrup  Type  K  potentiometer.  The 
hydrocarbon  samples  were  distilled  (first  10  to  20%  rejected) 
into  dry  glass-stoppered  bottles  and  were  stored  in  a  desiccator 
over  phosphorus  pentoxide.  Each  solvent  was  distilled  just 
before  it  was  used.  These  data  (tabulated  in  Table  II)  indicated 
that  only  acetyl  diethylamine  and  diethyl  phthalate  gave  a  large 
enough  spread  between  the  solution  temperature  values  for  2,4- 
and  2,2-dimethylpentane  (1.8°  and  1.3°,  respectively)  to  make 
it  at  all  possible  to  use  them  for  analytical  purposes.  The  end 
point  obtained  with  diethyl  phthalate  was  much  the  sharper  of 
the  two,  so  it  was  chosen  to  be  used  for  this  study. 

APPARATUS 

Bath.  The  solution  temperature  measurements  were  deter¬ 
mined  in  a  small,  closed  glass  tube  which  was  mounted  in  another 
glass  tube  (which  served  as  an  air  bath)  which  in  turn  was  sup¬ 
ported  in  a  large,  well-stirred,  vacuum-jacketed  liquid  bath. 
This  arrangement  permitted  a  careful  control  of  the  rate  of 
heating  and  cooling  of  the  sample. 

An  unsilvered,  wide-mouthed,  vacuum- jacketed  vessel  with  a 
capacity  of  4300  ml.  and  an  inside  diameter  of  15.2  cm.  held  the 
liquid  bath  which  is  composed  of  a  50%  solution  of  ethylene  glycol 
in  distilled  water.  (It  is  necessary  to  use  distilled  water  to  pre¬ 
vent  a  clouding  of  the  solution  due  to  deposition  of  salts  as  the 
water  slowly  evaporates  and  is  replaced  from  time  to  time.) 
This  bath  liquid  level  should  always  be  adjusted  to  the  same 
mark  before  proceeding  with  any  determination.  An  electrically 
driven,  pump-type  stirrer  thoroughly  agitated  this  bath,  in  which 
was  supported  a  mercury  thermometer  graduated  in  0.1°  C. 
The  bath  temperature  was  raised  with  a  125-watt  knife-type 
immersion  heater  and  lowered  by  allowing  carbon  dioxide  to 
expand  from  a  siphon-type  cylinder  through  copper  tubing  which 
was  supported  in  the  bath  so  that  it  did  not  touch  the  walls  of 
the  vessel  or  the  air  bath.  A  coil  of  the  copper  tubing  was 
placed  near  the  bottom  of  the  bath  and  this  was  connected  by 
means  of  a  straight  tube  near 
the  back  of  the  vessel  to  an- 


to  permit  handling  of  the  tube 
which  extended  to  within  4.8 
cm.  of  the  bottom  of  the  air 
jacket. 

The  reaction  tube  contents  i 
were  illuminated  by  piping  in 
the  light  from  an  automobile 
headlight  bulb  by  means  of  a 
bent  Lucite  rod.  The  bulb  and 
the  top  of  the  Lucite  rod  werei 
enclosed  in  a  water-cooled  metal 
j  acket.  This  arrangement  elimi¬ 
nated  the  troublesome  light 
reflections  from  the  various 
curved  glass  surfaces  and  per¬ 
mitted  the  concentration  of  the 
light  at  the  desired  observation 
point  without  introducing  any 
heat  into  the  bath. 

Thermometer  and  Stirrer.  The  temperature  measurements 
were  made  with  a  Leeds  &  Northrup  platinum  resistance  ther¬ 
mometer  No.  8163-A,  which  had  been  standardized  by  the  National 
Bureau  of  Standards,  used  with  a  Type  G-2  Mueller  bridge 
No.  8069  and  a  Type  R  galvanometer  No.  2500-a  in  a  modified 
Julius  suspension.  With  this  bridge  readings  can  be  made 
directly  to  0.0001  ohm  which  corresponds  to  0.001°  C.  For 
this  work  readings  were  made  to  the  nearest  0.001  ohm  or  0.01°  C. 

The  top  of  a  24/25  T  ground-glass  joint  which  fits  into  the  top 
of  the  reaction  tube  was  blown  out  into  a  bulb  and  to  this  was 
sealed  a  glass  tube  19.7  cm.  long  of  a  diameter  that  would  just 
permit  the  glass-sheathed  resistance  thermometer  to  pass  through 
( B ,  Figure  2).  To  this  same  bulb  was  sealed  another  tube 
(sealed  at  the  top)  in  which  was  placed  an  iron  core  resting  on  a 
bronze  coil  spring.  To  this  core  was  soldered  a  wire  which  ex¬ 
tended  down  through  the  ground-glass  joint  into  the  reaction 
tube  where  it  was  soldered  onto  a  4-ring  basket-type  stirrer. 
The  thermometer  passed  down  through  the  rings  of  this  stirrer, 
which  was  made  to  guide  on  the  walls  of  the  reaction  tube  and  was 
not  permitted  to  touch  the  thermometer.  An  electromagnetic 
coil  was  placed  around  this  second  glass  tube  to  control  the 
movement  of  the  iron  core  and  consequently  the  movement  of 
the  stirrer.  The  current  entering  this  coil  was  passed  through  a 
relaxation  oscillator  which  was  so  constructed  that  both  the 
power,  and  consequently  the  length  of  stroke,  and  the  frequency 
could  be  varied.  The  thermometer  was  inserted  in  the  first  glass 
tube  and  the  opening  was  sealed  by  a  piece  of  rubber  tubing  which 
fitted  over  the  end  of  the  glass  tube  and  around  the  thermometer. 
The  height  of  the  thermometer  was  adjusted,  so  that  it  just  did 
not  touch  the  bottom  of  the  reaction  tube  but  that  the  bottom 
ring  of  the  stirrer  rested  on  the  flat  bottom  of  this  tube.  In 
this  manner  none  of  the  solvent  layer  could  be  trapped  under 
the  stirrer  and  thus  cause  the  observed  end  point  to  vary  because 
of  variations  in  concentration. 

All-Glass  Solvent  Dispenser.  The  required  dry  solvent 
can  be  obtained  by  distilling  it  just  before  use  and  discarding  the 
first  wet  portion  of  the  distillate.  This  is  not  desirable  from  a 
time  standpoint  and  is  especially  to  be  avoided  in  this  case,  since 
one  of  the  solvents  must  be  distilled  under  high  vacuum  to 
prevent  decomposition. 

An  apparatus  (see  Figure  1)  was  designed  and  constructed  in 
which  the  solvent  could  be  kept  dry  and  from  which  it  could  be 


Aniline  Point,  0  C. 

77.7  (10);  78.3  (S3) 

78.8  (10);  78.7  (S3) 

72.4  (10);  72.2  (S3) 

71.0  (10);  69.7  (S3) 

68.1  (10,  13,  33);  60.0  (S3) 

74.1  (10);  73.6  (S3);  72.8(3,13) 

70.5  (10,  13) 

66.3  (10) 

70.0  (3,  10);  70.1  (S3);  71.0  (IS) 


other  coil  near  the  top  of  the 
bath  with  an  open  space  be¬ 
tween,  so  that  the  tube  in  which 
the  determinations  were  made 
could  be  seen. 

For  the  air  bath  a  glass  tube 
3.5  cm.  in  diameter  and  23  cm. 
long  was  supported  in  the  liquid 
bath,  so  that  it  did  not  touch 
the  cooling  coils  or  the  knife 
heater.  This  tube  was  con¬ 
stricted  near  the  top  to  form  a 
seat  which  would  support  the 
tube  holding  the  mixture  under 
examination. 

The  reaction  tube  was  made 
by  sealing  a  glass  tube  1.6  cm. 
in  diameter  and  14  cm.  long 
to  a  24/25  f  ground-glass 
joint,  so  that  the  top  of  this 
joint  extended  just  far  enough 
above  the  top  of  the  air  bath 


Table  II.  Comparison  of  Solution  Temperatures  of  Six  Isomeric  Heptanes  with  Various  Solvents 


(Hydrocarbon  content,  50%  by  volume.  Accuracy  of  determination,  0.1°  C.) 

Solution  Temperature 
Difference,  °  C.,  between 


2,4-Mei 

2,2-Me2 

2,4-Mes 

Solution  Temperature, 

“  C. 

pentane 

and 

pentane 

and 

pentane 

and 

2,2- Mes 

2,4-Me2 

2,2,3-Mes  2,3-Mes 

2-Me 

n- 

2,2,3-Mea  2,2,3-Mej 

2,2-Mej 

Solvent 

pentane 

pentane 

butane 

pentane 

hexane  heptane 

butane 

butane 

pentane 

Aniline 

78.05 

78.4 

72.0 

67.95 

73.5 

70.0 

6.4 

6.05 

0.35 

Benzyl  alcohol 

64.7 

64.9 

53.5 

46.4 

57.25 

50.7 

11.4 

11.2 

0.2 

Diethyl  phthalate 

31.1 

32.4 

16.9 

18.85 

30.05 

28.2 

15.5 

14.2 

1.3 

/3-Phenvl  ethyl  alcohol 

46.6 

47.05 

34.45 

28.2 

39.1 

20.7 

12.6 

12.15 

0.45 

o-Toluidine 

28.2 

28.4 

21.55 

17.7 

23.6 

19.7 

6.85 

6.65 

0.2 

ra-Toluidine 

27.65 

28.0 

20.7 

16.25 

23.25 

18.85 

7.3 

6.95 

0.35 

Phenyl  acetate 

11.55 

11.7 

5.55 

4.05 

8.9 

7.45 

6.15 

6.0 

0.15 

Acetyl  diethylamine 

1.1 

2.95 

-11.95 

6  25 

14.90 

13.06 

1.85 

Nitrobenzene 

26.8 

26.55 

20.9 

i<5.05 

22.35 

18.15 

5.65 

5.9 

-0.25° 

Benzonitrile 

13.2 

13.05 

7.35 

3.0 

8.45 

5.70 

5.86 

-0.15 

o-Bromophenol 

3.85 

3.15 

-  3.80 

6.95 

7.65 

-0.70 

Benzyl  benzoate 

12.35 

12.1 

2.55 

-3.65 

4.45 

-2.05 

9.55 

9.8 

-0.25 

a  Negative  reading  for  temperature  differences  indicates  reversal  in 

order  of  hydrocarbon  which  gives  higher 

solution  temperature. 
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Freezing  Point  and  Critical  Solution  Temperature  Apparatus 


lispensed  as  needed  without  further  distillation.  After  the  dis¬ 
penser  is  filled  the  two  ground-glass  joints  are  wired  down  and 
ire  sealed  with  DeKhotinsky  cement.  Bottle  B  is  evacuated 
hrough  stopcock  Q  and  is  filled  with  dry  nitrogen.  The  mer- 
•ury  level  in  A  is  always  kept  above  that  in  B  (by  adding  nitrogen 
hrough  Q  as  the  solvent  in  C  is  used  up),  so  that  there  is  always 
i  positive  pressure  in  the  system.  The  buret,  P,  was  made  by 
ealing  into  the  apparatus  a  Bureau  of  Standards  certified  2.00- 
nl.  pipet  which  is  graduated  in  0.1-ml.  intervals  (0.1  ml.  =  ap- 
iroximately  1  cm.).  The  hydrocarbon  is  measured  out  with  a 
1.00-ml.  delivery  pipet  which  has  been  calibrated  by  the  National 
bureau  of  Standards. 

PROCEDURE 

Since  a  reproducibility  of  =<=0.01°  C.  is  absolutely  essential, 
n  order  that  this  method  may  be  applicable  to  the  quantitative 
inalysis  of  this  particular  hydrocarbon  mixture,  every  precaution 
nust  be  taken  to  see  that  this  procedure  for  the  preparation  of 
he  apparatus,  making  up  of  the  sample,  and  the  actual  determi- 
lation  of  the  solution  temperature  is  followed  exactly.  Other¬ 
wise  enough  deviation  in  results  occurs  to  make  the  method 
lseless. 

Preparation  of  Reaction  Tube  and  Solution  Tempera- 
'Ure  Sample.  The  apparatus  which  holds  the  thermometer 
md  stirrer  must  be  cleansed  of  all  material  from  the  preceding 
letermination,  by  rinsing  with  acetone,  followed  by  repeated 
wacuations  and  flushing  with  dry  nitrogen.  The  reaction  tube 
s  washed  with  acetone  and  heated  with  a  bare  flame  while  a 
tream  of  nitrogen  is  passing  through  it  and  out  through  the 
lydrocarbon  pipet.  This  effectively  dries  both  the  reaction 
ube  and  the  pipet.  The  top  of  the  dried  reaction  tube  is  flushed 
with  a  stream  of  nitrogen  during  the  time  required  to  measure 
he  hydrocarbon  and  solvent  into  it. 


Stopcocks  Ki,  K>,  and  K%  (see  Figure  2)  are  closed.  The 
thermometer,  T,  and  basket-stirrer,  S,  are  rinsed  with  a  stream 
of  c.p.  acetone  from  a  wash  bottle  to  remove  all  the  material 
from  the  preceding  determination.  The  drops  of  acetone  at  the 
tip  of  the  thermometer  are  touched  off  with  a  clean  cloth  which 
is  used  only  for  that  purpose.  The  apparatus,  B,  which  holds  the 
thermometer  is  then  placed  in  flask  A  by  uniting  the  ground-glass 
joint,  G.  A  is  evacuated  by  opening  K\.  This  removes  the 
acetone  and  traces  of  hydrocarbon  left  in  the  upper  arms  of  B 
from  the  preceding  determination.  K2  is  opened  and  closed 
several  times,  allowing  a  stream  of  dry  nitrogen  to  pass  over  T. 
Finally  Kt  is  closed  but  Ki  is  left  open  whale  the  rest  of  the 
apparatus  is  prepared. 

The  cork,  C,  which  fits  into  the  top  of  the  reaction  tube  has 
two  holes  bored  in  it.  The  one  permanently  contains  the  bent 
glass  tube,  J.  The  other  is  for  glass  tube  H  and  to  pass  the 
pipet  through  as  described  below.  The  rubber  connection,  Vh 
is  attached  to  J  at  F.  Tube  H  is  placed  in  C,  so  that  the  rubber 
collar,  D,  fits  tightly  in  the  hole.  Rubber  tube  W  is  then  at¬ 
tached  to  H  at  E.  Ki  is  opened  and  the  flow  of  dry  nitrogen  is 
regulated  with  a  reducing  valve  until  the  concentrated  sulfuric 
acid  in  the  flowmeter  stands  at  Ms.  Then  the  reaction  tube, 
with  a  stream  of  nitrogen  passing  through  it,  is  heated  with  a 
bare  flame  until  it  is  hot.  Rubber  tube  Vl  is  attached  to  pipet 
P  at  N  and  the  reaction  tube  is  allowed  to  cool  with  the  stream 
of  nitrogen  passing  through  it  and  out  through  the  pipet.  This 
effectively  dries  both  the  reaction  tube  and  the  pipet.  In  order 
to  save  time,  a  second  reaction  tube  is  dried  while  the  rest  of  the 
determination  is  being  made. 

When  the  reaction  tube  has  reached  room  temperature  Ks  is 
closed  while  the  vacuum  in  A  is  released  by  closing  Ki  and  allow¬ 
ing  nitrogen  to  flow  in  through  Ki  until  the  mercury  level  in  the 
manometer  stands  at  M3.  Then  Ki  is  closed  and  K3  is  opened 
again.  The  pipet  is  disconnected  at  N  and  Vi  is  removed  from 
J  at  F.  Tube  V2  is  disconnected  from  H  at  E  and  is  attached  to 
J  at  F.  Tube  H  is  removed  from  the  reaction  tube  slowly,  so 
that  the  nitrogen  coming  in  through  J  will  replace  the  volume  of 
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H  and  not  allow  air  from 
the  room  to  enter  the  re¬ 
action  tube.  During  the 
rest  of  the  time  required 
to  make  up  the  sample 
the  top  of  the  reaction 
tube  is  flushed  by  the 
stream  of  nitrogen  pass¬ 
ing  in  through  J  and  out 
through  the  hole  in  C 
which  formerly  held  H. 
The  hydrocarbon  is  then 
transferred  from  P  to  the 
reaction  tube  through  the 
hole  in  C;  the  tip  of  P  is 
kept  close  to  the  bottom 
of  the  reaction  tube  to 
prevent  splashing  and  con¬ 
sequent  loss  by  evapora¬ 
tion.  The  last  drop  of 
hydrocarbon  is  touched  off 
on  the  side  of  the  tube. 
The  solvent  is  measured 
into  the  reaction  tube 
from  the  solvent  dispenser 
through  the  hole  in  C 
and  again  the  last  drop  is 
touched  off  against  the 
side  of  the  tube.  Cork 
C  is  removed  from  the 
reaction  tube  and  B  is 
rapidly  removed  from  A 
and  placed  in  the  reaction 
tube,  so  that  th£  ground- 
glass  joint  fits  tightly. 
The  ground-glass  stopper, 
Bu  is  placed  in  A  to 


the  resistance  thermom- 
in  the  liquid  bath.  The 


prevent  air  and  moisture 
from  entering  this  flask. 

K3  is  closed. 

Determination  of 
Solution  Temperature. 

The  reaction  tube  con¬ 
taining  the  sample  and  fitted  with 
eter  is  placed  in  the  air-bath  tube 
temperature  of  the  liquid  bath  is  adjusted  until  it  is  0.5°  to  1.0°  C. 
above  the  expected  solution  temperature.  The  electromagnetic 
stirrer  is  started.  Stirring  ring  R\  is  always  above  the  liquid  level 
and  the  power  of  the  oscillator  is  adjusted  so  that  R-i  comes  just 
to  the  top  of  the  liquid  (at  the  top  of  the  stroke)  but  does  not 
break  the  surface.  This  prevents  splashing  onto  the  walls  of 
the  tube  and  consequent  concentration  changes.  The  stirrer 
frequency  is  adjusted  so  as  to  give  the  optimum  end  point.  The 
solution  temperature  measurement  is  made  with  the  temperature 
rising  and  then  the  bath  temperature  is  dropped  about  0.5° 
below  the  observed  solution  temperature  which  is  again  deter¬ 
mined  with  the  temperature  falling.  This  may  be  repeated  if 
necessary.  Some  practice  and  skill  are  required  repeatedly  to 
take  the  same  place  as  the  end  point,  but  once  this  was  learned 
no  trouble  at  all  was  encountered  in  reproducing  this  within 
0.01°  if  the  temperature  of  the  solution  was  not  permitted  to 
pass  through  the  end  point  too  rapidly.  The  end  point,  a  sudden 
clouding  or  final  clearing  of  the  solution,  is  slightly  sharper  with 
the  temperature  falling  rather  than  rising. 


Figure  1.  All-Glass  Solvent  Dispenser 


refractive  index  were  collected  and  hydrogenated  over  Rane; 
nickel.  The  paraffins  were  purified  chemically  and  then  wer 
fractionated  through  a  100-plate  column  and  again  only  thos 
portions  were  collected  which  had  a  constant  refractive  index 
These  values  checked  well  with  the  most  reliable  refractive  inde; 


Freezing  Point, 
0  C. 


2,4-Dimethylpentane 

2,2-Dimethylpentane 

2,2,3-Trimethylbutane 


1.3818 

1.3823 

1.3897 


-119.3 
-123.7 
-  25.1 


data  from  the  literature,  which  are  given  in  Table  I.  Freezin; 
point  data  obtained  with  these  hydrocarbons  indicated  tha 
11  had  a  purity  of  99.8%  or  higher. 

Solvents.  Diethyl  phthalate  from  Commercial  Solvent 
Corporation  was  distilled  under  1.5-mm.  pressure  in  a  dr 
nitrogen  atmosphere.  The  middle  portion  of  the  distillate  wa 
collected  and  placed  in  an  all-glass  dispenser  under  dry  nitrogen 


n\ b°  =  1.5022. 


EXPERIMENTAL 


re- 


Preparation  of  Hydrocarbons.  The  hydrocarbons 
quired  for  this  analytical  problem  were  synthesized  with  extreme 
care  and  all  possible  precautions  were  taken  to  ensure  that  each 
intermediate  was  in  turn  purified,  so  that  the  final  products  would 
be  as  pure  as  possible. 

In  the  usual  manner,  2,2-dimethyl-3-pentanol  and  2,4-di- 
methyl-2-pentanol  were  prepared  from  <er£-butyl  magnesium 
chloride  plus  propionaldehyde  and  isobutyl  magnesium  bromide 
plus  acetone.  Pinacolone  (2,2-dimethyl-3-butanone) ,  obtained 
by  reducing  acetone  with  magnesium  activated  by  mercuric 
chloride  and  the  conversion  of  the  unisolated  pinacol  to  pinaco¬ 
lone  according  to  the  improved  method  of  Cramer  (7),  was  reacted 
with  methyl  magnesium  iodide  to  give  the  hydrate  of  2,2,3-tri- 
methyl-3-butanol.  4,4-Dimethyl-2-pentene  was  obtained  by  the 
thermal  decomposition  of  the  acetate  (<§)  of  the  first  carbinol 
and  the  other  two  carbinols  were  dehydrated  with  iodine.  The 
olefins  were  distilled  from  sodium  and  then  fractionated  through 
a  100-plate  column  and  those  portions  which  had  a  constant 


Eastman  Kodak  Company  c.p.  nitrobenzene  was  distilled  fron 
an  all-glass  apparatus  (so  that  the  water  from  the  first  wet  portioi 
of  the  distillate  could  be  removed  from  the  apparatus  by  flashing 
with  a  free  flame)  and  the  dry  distillate  was  placed  in  a  dispenser 


Graphical  Method  for  Ternary  Mixture  Analysis 
Since  the  composition  vs.  solution  temperature  curves  for  syn 
thetic  binary  mixtures  of  2,2-dimethylpentane  plus  2,2,3-tri 
methylbutane,  2,4-dimethylpentane  plus  2,2,3-trimethylbutane 
and  2,2-  plus  2,4-dimethylpentane  are  not  straight-line  functions 
the  percentage  of  each  component  present  can  be  determinec 
graphically  more  easily  than  mathematically.  These  diethy 
phthalate  point  calibration  curves  are  all  that  are  required  foi 
the  quantitative  analysis  of  mixtures  that  are  known  to  contair 
only  two  of  these  hydrocarbons,  but  a  second  determination  musl 
be  made  in  order  to  analyze  a  ternary  mixture. 

The  composition-diethyl  phthalate  point  data  for  these  three 
binary  mixtures  were  plotted  on  the  edges  of  a  large  triangulai 
graph  and  straight  lines  were  drawn  through  the  iso-solutioc 
temperature  points  on  two  sides  of  the  triangle  to  form  a  series 
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Figure  2.  Reaction  Tube,  Thermometer,  and  Stirrer 


of  iso-solution  temperature  ues  These  were  proved  to  be 
straight  lines,  and  not  curves.  1  y  locating  points  on  the  triangular 
graph  according  to  the  knowu  composition  of  synthetic  ternary 
mixtures  of  these  hydrocarbons.  In  all  cases  the  straight  line 
drawn  between  the  points,  on  two  sides  of  the  triangle,  which 
represent  the  experimentally  determined  diethyl  phthalate  point 
of  that  particular  ternary  mixture,  came  within  1%  of  the  point 
which  represented  the  actual  composition  of  the  ternary  mixture 
in  question. 

In  a  similar  manner  the  iso-refractive  index  lines  were  proved 
to  be  straight  lines.  However,  the  refractive  index  could  not 
be  used  as  the  second  set  of  data  needed  for  this  analysis,  since 
the  iso-diethyl  phthalate  point  lines  and  the  iso-refractive  index 
lines  both  slope  in  the  same  direction  and  have  only  slightly 
different  angles  of  slope  (see  Figure  3).  Thus  a  variation  of 
0.0001  in  refractive  index  (author’s  experimental  limit)  can  cause 
a  great  difference  as  to  where  the  two  lines  intersect  which  would 
result  in  large  errors  in  the  per  cent  of  2,2-  and  2,4-dimethyl- 
pentane  found. 

The  time  required  to  make  a  solution  temperature  determi¬ 
nation  on  an  unknown  sample  can  be  considerably  shortened  if 
the  approximate  temperature  at  which  to  set  the  bath  is  known. 
This  desired  bath  temperature  setting  can  be  obtained  from  a 
small-scale  triangular  plot  of  the  iso-refractive  index  and  iso¬ 
solution  temperature  lines.  The  refractive  index  of  the  unknown 
sample  is  located  on  this  chart  and  the  approximate  bath  tempera¬ 
ture  can  be  read  directly  from  the  chart  (see  Figures  3  and  4). 

Reference  to  Table  II  showed  that,  with  all  the  solvents  tested, 
the  solution  temperature  of  2,2,3-trimethylbutane  is  lower  than 
that  for  either  2,4-  or  2,2-dimethylpentane.  For  most  of  the 
solvents  tested  the  solution  temperature  of  2,4-  was  higher  than 
that  of  2,2-dimethylpentane,  but  with  some  few  solvents  the 


DIETHYL  PHTHALATE  POINT  DATA  REFRACTIVE  JNCCVDATA 


Figure  3.  Graph  for  Ternary  Mixture  Analysis 


solution  temperature  of  2,2-  was  observed  to  be  higher  than  that 
of  2,4-dimethylpentane.  These  few  solvents  will  have  iso-solution 
temperature  lines  with  a  negative  slope  with  respect  to  the  iso¬ 
diethyl  phthalate  point  lines.  This  would  make  possible  a 
sharper  intersection  of  lines  and  give  a  correspondingly  more 
accurate  answer.  Nitrobenzene  was  the  second  solvent  chosen 
to  be  used. 
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Figure  4.  Graph  for  Ternary  Mixture  Analysis 


The  procedure  for  determining  the  composition  of  ternary 
mixture  29  (see  Table  V)  is  illustrated  in  Figure  5. 

The  nitrobenzene  data  chart  in  this  figure  shows  that  the 
per  cent  of  2,2,3-trimethylbutane  in  2,4-dimethylpentane  corre¬ 
sponding  to  a  nitrobenzene  point  of  26.52°  is  28.4,  which  is  repre¬ 
sented  by  point  A,  and  the  per  cent  of  2,2,3-trimethylbutane  in 
2,2-dimethylpentane  corresponding  to  this  same  nitrobenzene 
point  is  31.2,  which  is  represented  by  point  B.  On  the  triangular 
graph  straight  line  A  B  is  an  iso-nitrobenzene  point  line  which 
represents  all  the  different  compositions  of  these  three  hydro¬ 
carbons  which  can  give  this  nitrobenzene  point  of  26.52°.  In  a 
similar  manner,  the  diethyl  phthalate  point  data  chart  shows 
that  the  per  cent  of  2,2,3-trimethylbutane  in  2,4-dimethyl¬ 
pentane  corresponding  to  a  diethyl  phthalate  point  of  28.03  is 
34.8  which  is  represented  by  point  D,  and  the  per  cent  of  2,2,3- 
trimethylbutane  in  2,2-dimethylpentane  corresponding  to  this 
same  diethyl  phthalate  point  is  27.0  which  is  represented  by 
point  C.  On  the  triangular  chart  straight  fine  CD  is  an  iso¬ 
diethyl  phthalate  point  line  which  represents  all  the  different 
compositions  of  these  three  hydrocarbons  which  can  give  this 
diethyl  phthalate  point  of  28.03°.  The  point  where  AB  and  CD 
intersect  represents  the  percentage  composition  of  the  unknown 
ternary  mixture. 

Elimination  of  Variables.  Reproducible  results  could  not 
be  obtained  when  equal  volumes  of  hydrocarbon  and  nitro¬ 
benzene  were  used.  The  critical  solution  temperature  curve 
for  2,2,3-trimethylbutane  with  nitrobenzene  was  determined 
with  a  mercury  thermometer  graduated  in  0.1°.  From  60  to 
66.7%  hydrocarbon  concentration  (instead  of  50%  as  obtained 
with  aniline)  the  curve  goes  through  a  maximum  of  only  0.05°. 
(These  data  agree  with  those  of  Woodburn,  Smith,  and  Tetewsky 
(34).  The  experimental  work  of  this  paper  was  completed  in 
March,  1941,  and  was  the  subject  of  a  research  report  at  that  time, 
but  the  press  of  later  war  work  prevented  earlier  publication  of  the 
data  obtained.]  A  similar  curve  was  obtained  for  diethyl 
phthalate  with  2,2,3-trimethylbutane,  except  that  this  was  not 
as  steep  at  the  50%  concentration  as  was  the  nitrobenzene  curve. 

The  critical  solution  temperature  curves  for  2,2-  and  2,4- 
dimethylpentane  with  nitrobenzene  were  carefully  determined 
over  a  limited  range  with  the  platinum  resistance  thermometer 
(see  Table  III) . 

Through  most  of  the  flat  part  of  the  critical  solution  tempera¬ 
ture  curve  the  end  point  with  nitrobenzene  is  poor,  owing  to  an 
opalescence  which  appears  some  time  before  the  true  end  point. 
However,  at  a  hydrocarbon  concentration  of  66.7%  a  beauti¬ 
fully  sharp  end  point  is  obtained  again.  This  is  slightly  past 
the  peak  but  is  still  on  a  comparatively  flat  portion  of  the  critical 
solution  temperature  curve  and  any  slight  loss  of  hydrocarbon 


due  to  vaporization  in  the  apparatus  would  bring  the  concen¬ 
tration  toward  the  flat  part  of  the  curve  instead  of  away  from  it. 
The  reaction  tube  was  constructed  so  that  4.5  ml.  of  liquid  came  i 
slightly  above  the  top  of  the  sensitive  portion  of  the  thermometer,  J 
All  subsequent  analytical  samples  were  prepared  from  3.00  ml. 
of  hydrocarbon  plus  1.50  ml.  of  solvent. 

The  value  of  dD/dt  for  diethyl  phthalate  was  determined 
experimentally  and  that  for  nitrobenzene  was  obtained  from 
International  Critical  Tables.  From  the  data  in  Table  III  and  | 
these  density  values  it  was  calculated  that  the  change  in  the 
amount  of  solvent  delivered  caused  by  a  room  temperature  i 
change  of  as  much  as  15°  C.  would  cause  a  variation  in  the 
solution  temperature  obtained  of  only  about  0.01°  C. 

Diethyl  phthalate:  dD/dt  =  0.0009/°  C.  =  1.1182;  d*»-9  =  1.1124; 

die.i  =  1.1074 

Nitrobenzene:  dD/dt  =  0.0010/°  C. 

Since  it  will  be  difficult  to  obtain  perfectly  dry  samples  from, 
small  distillation  cuts  of  the  hydrocarbon  unknowns,  it  was 
thought  to  be  best  to  standardize  the  procedure  by  using  hydro¬ 
carbons  saturated  with  water  at  a  definite  temperature.  (Varia¬ 
tions  in  solution  temperature  of  at  least  0.12°  were  obtained  with 
hydrocarbons  of  various  degrees  of  wetness.)  The  solvents 
must  be  kept  dry,  for  when  the  two  water-saturated  solutions 
are  mixed  a  water  layer  separates  and  a  poor  end  point  is  obtained. 

Oxidation  products  materially  lower  the  solution  temperature 
which  is  obtained.  Thus,  a  sample  of  2,2,3-trimethylbutane 
which  had  been  distilled  October  23,  1939,  and  which  had  a  re¬ 
fractive  index  at  that  time  of  1.3897  was  examined  March  14, 
1941.  At  that  time  it  had  a  refractive  index  of  1.3900  and  gave 
a  diethyl  phthalate  point  of  14.84°.  After  purification  it  again 
had  a  refractive  index  of  1.3897  and  gave  a  diethyl  phthalate  ! 
point  of  17.44°,  a  rise  of  2.6°.  The  same  type  of  change,  but  to  i 
a  smaller  degree,  was  observed  with  2,4-dimethylpentane.  No  ! 
change  in  solution  temperature  with  time  was  observed  with 
2,2-dimethylpentane. 


Table  III.  Nitrobenzene  Solution  Temperature-Concentration  Data 


(3.00  ml.  of  hydrocarbon  saturated  with  water  at  30°  C.) 
Nitrobenzene  Solution 
Temperature 


Nitro- 

Hvdro- 

2,2-Mei 

2,4-Mej 

benzene 

carbon 

pentane 

pentane 

Ml. 

% 

°  C. 

°  C. 

1.90 

61.2 

28.26 

27.97 

Poor  end  point 

1.70 

63.8 

28.27 

27.97 

Poor  end  point 

1  60 

65  2 

28.26 

27.96 

Intermediate 

1.50 

66.7 

28.23 

27.92 

Sharp  end  point 

1  40 

68.1 

28.15 

27.84 

Sharp  end  point 

Preparation  of  Calibration  Charts.  Binary  mixtures 
of  freshly  distilled  2,4-dimethylpentane  plus  2,2,3-trimethyl¬ 
butane,  2,2-dimethylpentane  plus  2,2,3-trimethylbutane,  and 
2,4-  plus  2,2-dimethylpentane  were  prepared  by  pipetting  various 
proportions  of  the  two  hydrocarbons  into  glass-stoppered  weigh¬ 
ing  bottles  (80  X  15  mm.),  so  that  the  total  volume  of  liquid  was 
10  ml.  The  actual  amount  of  each  hydrocarbon  present  was 
determined  by  weight.  The  refractive  index  of  each  sample 
was  measured  at  20°  C.  A  few  drops  of  water  were  added  to 
each  of  these  solutions,  which  were  then  thoroughly  shaken 
and  placed  in  the  thermostat  at  30°  =*=  0.1°  C.  They  were  taken 
from  the  thermostat  at  intervals,  shaken  several  times,  and  then 
left  in  the  thermostat  overnight,  after  which  the  solution  tem¬ 
perature  of  each  in  nitrobenzene  and  diethyl  phthalate  was 
determined  (see  Table  IV).  In  order  that  the  accuracy  of 
plotting  and  reading  on  the  calibration  charts  would  be  equal  to 
the  accuracy  of  determining  the  solution  temperature,  these 
data  obtained  with  the  binary  mixtures  were  plotted  on  a  large 
scale  (2.5  cm.,  1  inch,  on  the  ordinate  axis  represents  a  change 
of  0.20°  in  the  solution  temperature  and  1  inch  on  the  abscissa 
axis  represents  a  change  of  5.0%  in  the  concentration  of  2,2,3- 
trimethylbutane).  In  the  analysis  of  an  unknown  the  values 
read  from  these  large  charts  were  plotted  on  a  standard  22.5- 
cm.  (9-inch)  triangular  graph  paper  according  to  the  method 
described  earlier. 
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Accuracy  of  Method.  After  all  the  calibration  charts  had 
been  constructed  from  these  experimental  data  from  the  binary 
mixtures,  seven  ternary  mixtures  of  these  pure  hydrocarbons,  in 
widely  varying  proportions  by  weight,  were  prepared.  The 
nitrobenzene  and  diethyl  phthalate  points  of  each  sample  were 
determined  and  from  these  data  the  percentage  composition  of 
each  sample  was  determined  graphically.  When  the  per  cent  of 
each  of  the  three  components  found  was  compared  with  the 
per  cent  of  each  actually  present,  it  was  seen  that  the  percentage 
of  2,4-  and  2,2-dimethylpentane  found  and  present  agreed, 
usually  within  1%,  and  with  a  maximum  difference  of  3%,  and 
the  percentage  of  2,2,3-trimethylbutane  found  and  present  had 
a  maximum  difference  of  0.27%.  These  data  are  given  in 
Table  V. 

Calibration  of  Solvents.  In  actual  practice  it  was  found 
necessary  to  calibrate  the  solvents  occasionally  in  order  to 
correct  the  solution  temperature  obtained  for  the  change  caused 
by  the  small  amount  of  water  which  is  slowly  absorbed  by  the 
solvent  in  the  dispenser,  and  thus  make  the  results  comparable 
with  those  obtained  when  the  calibration  charts  were  prepared. 
Purified  n-heptane  was  used  as  the  standard  against  which  this 
change  in  the  solvents  could  be  checked.  The  difference  between 
the  n-heptane  solution  temperature  at  the  time  the  calibration 
charts  were  prepared  and  at  the  time  the  unknown  sample  was 
being  analyzed  is  added  algebraically  to  the  observed  solution 
temperature  -of  the  unknown  and  then  the  calibration  charts  are 
used  as  previously  described. 

Nitrobenzene  which  had  been  in  the  dispenser  from  July  9, 
1940,  to  November  25,  1941,  was  found  by  analysis  with  Karl 


Fischer  reagent  to  contain  0.030  to  0.035%  of  watei  while  a 
sample  of  freshly  distilled  nitrobenzene  contained  0.0038  to 
0.0046%  of  water.  No  water  could  be  detected  in  the  diethyl 
phthalate  with  this  reagent. 

Some  idea  of  the  quantity  of  water  which  would  cause  the  re¬ 
sults  obtained  by  this  method  of  analysis  to  vary  was  obtained 
by  determining  the  solution  temperature  of  isooctane  (2,2,4- 
trimethylpentane  saturated  with  water  at  30°)  with  these  two 
samples  of  nitrobenzene: 


Nitrobenzene, 

Isooctane  Solution 

Weight  of  HsO/1.6 

H2O  Content 

Temperature 

Ml  of  Nitrobenzene 

% 

0  C. 

Mg. 

0.035 

29.51 

0.63 

0.004 

29.38 

0.07 

Difference  0.13 

0.56 

Thus,  a  change  of  only  0.04  mg.  of  water  in  1.5  ml.  of  nitro¬ 
benzene  caused  the  solution  temperature  to  vary  0.01°  C. 

Effect  of  High  Humidity.  This  introduces  one  other 
limitation  to  this  method  of  analysis.  Since  a  reproducibility 
of  ±0.01°  must  be  obtained,  some  means  of  controlling  the 
humidity  in  the  room  is  necessary  if  this  method  is  to  be  used 
during  the  hot,  humid  summer  months.  The  calibration  data 
given  in  Table  IV  were  determined  when  the  humidity  was 
3.5  to  7.6  mm.  of  mercury,  but  results  were  perfectly  reproducible 
as  long  as  the  absolute  humidity  was  kept  below  12  mm. 

For  the  author’s  work  a  comparatively  airtight  room  was 
built  with  a  light  grade  of  Masonite  and  the  humidity  and  tem¬ 
perature  in  this  room  were  controlled  by  circulating  the  air  from 
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Figure  5.  Composition  of  Ternary  Mixture  29 
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Table  IV.  Solution  Temperature  and  Refractive  Index  Data  of  Heptane  Binary  Mixtures 

(3.00  ml.  of  hydrocarbon  1.50  ml.  of  solvent.  Hydrocarbon  saturated  with  H2O  at  30°  C.  Solvent  calibrations: 
nitrobenzene— n-heptane  19.35°  C.  Diethyl  phthalate— n-heptane  28.29°  C.) 

%  by  Weight  Diethyl  Phthalate  Point,  0  C.  Nitrobenzene  Point,  0  C.  Refractive  Index,  ft  1? 


Sample 

No. 

2,4-Me2 

pentane 

2,2-Me2 

pentane 

Calcu¬ 

lated0 

Observed 

Differ¬ 

ence 

Calcu¬ 

lated0 

Observed 

Differ¬ 

ence 

Calcu¬ 

lated0 

Observed 

100 

32.85 

27.99 

1.3817 

1 

80.01 

19.99 

32.57 

32.56 

-6.6i 

28.04 

28.02 

-6.02 

1.38184 

1.3818 

2 

59.96 

40.04 

32.29 

32.28 

-0.01 

28.08 

28.06 

-0.02 

1.38198 

1.3819-20 

3 

40.06 

59.94 

32.01 

32.00 

-0.01 

28.13 

28.11 

-0.02 

1.38212 

1.3821-2 

4 

20.02 

79.98 

31.73 

31.72 

-0.01 

28.17 

28.16 

-0.01 

1.38226 

1.3822-3 

100 

31.46 

28.23 

.... 

1.3824 

2,4-Me2 

pentane 

2,2,3-Mes 

butane 

100 

17.43 

22.43 

1.3897 

5 

9.67 

90.33 

18.92 

19.15 

+6.23 

22.95 

23.03 

+  0.08 

1 . 38893 

1.3889 

6 

19.68 

80.32 

20.46 

20.91 

+  0.45 

23.52 

23.62 

+0.10 

1.38813 

1 . 3883 

7 

29.48 

70.52 

21.98 

22.53 

+  0,55 

24.07 

24.20 

+  0.13 

1.38734 

1.3875 

8 

39.57 

60.43 

23.53 

24.15 

+  0.62 

24.63 

24.78 

+  0.15 

1.38653 

1.3867 

9 

49.48 

50.52 

25.06 

25.70 

+  0.64 

25.18 

25.33 

+  0.15 

1.38574 

1.3859-60 

10 

59.39 

40.61 

26.59 

27.19 

+  0.60 

25.73 

25.87 

+  0.14 

1.38495 

1.3851 

11 

69.64 

30.36 

28.17 

28.68 

+  0.51 

26.30 

26.41 

+  0.11 

1.38413 

1 . 3842-3 

12 

79.64 

20.36 

29.71 

30.09 

+  0.38 

26.85 

26.93 

+  0.08 

1.38333 

1.3834 

13 

89.96 

10.04 

31.30 

31.49 

+  0.19 

27.42 

27.46 

+  0.04 

1.38250 

1.3826 

100 

32.85 

27.98 

1.3817 

2,2-Mes 

pentane 

2,2,3-Mej 

butane 

100 

17.44 

22.44 

1 . 3897 

14 

9.69 

90.31 

18.80 

18.95 

+  6.15 

23.00 

23.04 

+  0.04 

1.38899 

1.3889 

15 

19.69 

80.31 

20.20 

20.47 

+  0.27 

23.58 

23.65 

+  0.07 

1.38826 

1.3882-3 

16 

29.46 

70.54 

21.57 

21.93 

+  0.36 

24.15 

24.25 

+  0.10 

1.38755 

1 . 3876-7 

17 

39.56 

60.44 

22.99 

23.41 

+  0.42 

24.74 

24.85 

+  0.11 

1.38681 

1.3869 

18 

49.47 

50.53 

24.38 

24.81 

+  0.43 

25.31 

25.43 

+  0.12 

1.38609 

1.3861-2 

19 

59.43 

40.57 

25.77 

26.20 

+  0.43 

25.89 

26.00 

+  0.11 

1.38536 

1.3854 

20 

69.69 

30.31 

27.21 

27.58 

+  0.37 

26.48 

26.57 

+  0.09 

1.38461 

1.3847 

21 

79.64 

20.36 

28.61 

28.91 

+  0.30 

27.06 

27.12 

+  0.06 

1.38389 

1 . 3840 

22 

89.99 

10.01 

30.06 

30.21 

+  0.15 

27.66 

27.68 

+  0.02 

1.38313 

1.3832 

100 

31.46 

28.24 

1.3824 

a  Calculated  values  are  based  on  assumption  that  data  would  be  a  straight-line  function.  Differences  show 
how  observed  data  vary  from  such  a  straight-line  function. 


Table  V.  Analysis  of  Heptane  Ternary  Mixtures 

(3.00  ml.  of  hydrocarbon  +  1.50  ml.  of  solvent.  Hydrocarbon  saturated  with  H2O  at  30°  C.) 


Sam-  Solution  Temperature  2,4-Dimethylpentane  2,2-Dimethylpentane  2,2,3-Trimethylbutane 


pie 

No. 

Diethyl 

phthalate 

Nitro- 

benaene 

Present 

Found 

Differ¬ 

ence 

Present 

Found 

Differ¬ 

ence 

Present 

Found 

Differ¬ 

ence 

°  C. 

°  c. 

% 

% 

% 

% 

% 

% 

% 

% 

% 

23 

24.98 

25.40 

9.72 

11.2 

+  1.48 

39.64 

38.3 

-1.34 

50.64 

50.5 

-0.14 

24 

25.50 

25.34 

39.59 

40.6 

+  1.01 

9.71 

8.8 

-0.91 

50.70 

50.6 

-0.10 

25 

30.91 

27  55 

49.93 

60.0 

+  0.07 

40.03 

39.8 

-0.23 

10.04 

10.2 

+  0.16 

26 

31.35 

27.48 

80.06 

80.4 

+  0.34 

9.86 

9.4 

-0.46 

10.08 

10.2 

+  0.12 

27 

30.33 

27.65 

9.86 

9.7 

-0.16 

80.09 

80.2 

+  0.11 

10.05 

10.1 

+  0.05 

28 

20.63 

23.62 

9.73 

9.8 

+  0.07 

9.70 

9.7 

80.57 

80.5 

-0.07 

29 

28.03 

26.52 

29.74 

27.0 

-2.74 

39.89 

42.9 

+  3.01 

30.37 

30.1 

-0.27 

preparation  of  the  apparatus, 
and  his  many  helpful  sugges¬ 
tions  during  the  course  of  this 
investigation. 
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Determining  the  Initiating  Efficiency  of  Detonators 

The  Miniature-Cartridge  Test 

R.  L.  GRANT,  Bureau  of  Mines,  Bruceion,  Pa.,  AND 
J.  E.  TIFFANY,  Central  Experiment  Station,  Bureau  of  Mines,  Pittsburgh,  Pa. 


A  new  test,  called  the  miniature-cartridge  test,  for  evaluating  the 
relative  initiating  efficiency  of  detonators  is  applicable  to  both  com¬ 
mercial  and  military  detonators  and  is  believed  to  provide  a  more 
accurate  quantitative  measurement  of  the  initiating  characteristics  of 
detonators  than  any  previously  used  test.  A  brief  review  of  other 
detonator  tests  employed  for  this  purpose  is  presented. 

The  miniature-cartridge  test  is  based  on  the  principle  that  the 
ability  of  a  detonator  to  initiate  an  insensitive  explosive  constitutes 
the  best  means  of  measuring  its  initiating  efficiency.  The  experi- 
.  mental  technique  combines  the  advantageous  features  of  the  sand 
.  test  and  the  TNT-iron  oxide  insensitive  powder  test.  A  unique 
operation  is  the  subtraction  of  a  detonator  blank.  This  achieves  a 
measurement  of  actual  resultant  effect  of  detonator  in  producing  a 
greater  or  lesser  degree  of  detonation  in  an  insensitive  explosive. 

jT^XPLOSIVES  engineers  have  long  needed  and  sought  a  satis- 
I  U  factory  test  for  measuring  the  initiating  efficiency  of  deta¬ 
il  nators.  The  numerous  developments  and  improvements  in 
detonators  during  the  past  decade  (2),  such  as  new  and  better 
initiating  explosives,  advances  in  features  of  construction,  and 
/  more  powerful  booster-detonators,  have  accentuated  this  need. 

(Most  of  the  tests  heretofore  proposed  for  this  purpose  have  pos¬ 
sessed  some  serious  deficiency.  Generally,  their  value  in  measur¬ 
ing  either  absolute  or  relative  initiating  efficiency  has  been  doubt¬ 
ful,  while  those  few  tests  that  were  believed  actually  to  evaluate 
I  relative  initiating  efficiency  have  been  difficult  and  cumbersome 
i  to  perform. 

From  a  viewpoint  of  safety  it  is  of  first-order  importance  that 
I  a  detonator  have  at  least  the  minimum  initiating  efficiency  re- 
i  quired  for  performing  the  task  assigned  to  it ;  otherwise  the 
I  consequence  may  be  a  dangerous  and  costly  misfire.  Therefore,  a 
[  satisfactory  measurement  of  initiating  efficiency  would  aid  con- 
I  siderably  in  the  study  of  the  safety  characteristics  of  detonators. 

The  present  paper  presents  a  new  test,  which  the  writers  call 
i  the  “miniature-cartridge  test”,  for  quantitatively  evaluating  the 
relative  initiating  efficiency  of  detonators.  The  test  is  based  on 
the  fundamental  and  generally  accepted  concept  that  the  ability 
of  a  detonator  to  initiate  an  insensitive  explosive  constitutes  the 
best  means  of  measuring  its  initiating  efficiency.  It  is  believed 
that  the  miniature-cartridge  test,  which  is  applicable  to  both 
commercial  and  military  detonators,  gives  a  more  accurate 
measure  of  the  initiating  characteristics  of  detonators  than  any 
of  the  previously  proposed  tests. 

OTHER  DETONATOR  TESTS 

Previous  tests  for  determining  the  initiating  efficiency  of  deto- 
i  nators  have  included  the  following:  (a)  sand  test  (8-18),  ( b ) 
l  lead-plate  test  (4),  (c)  small  Trauzl  lead-block  test  (7),  ( d )  nail 
I  test  (7),  (e)  Esop’s  test  (1,6),  (/)  desensitized  dynamite  tests  (7), 
I  and  (g)  TNT-iron  oxide  insensitive  powder  test  (5, 14). 

I  Hall  and  Howell  (7)  classified  detonator  tests  into  direct  and 
indirect  methods.  In  the  former  the  mechanical  effect  of  the 
detonator  is  measured  directly  by  firing  the  detonator  independ¬ 
ently  of  an  explosive  (tests  a,  b,  c,  and  d) .  In  the  indirect  method 
'  the  force  or  energy  developed  by  an  explosive  when  initiated  by 
:  the  detonator  under  study  is  determined  (tests  e,  f,  and  g).  Hall 
and  Howell  pointed  out  that  direct  methods  should  be  used  only 
to  substantiate  indirect  methods,  which  were  more  likely  to 
measure  initiating  efficiency.  Those  who  test  detonators  have 
almost  lost  sight  of  this  important  consideration. 


Mixtures  of  TNT-iron  oxide  were  selected  .as  representative  of  a 
wide  range  of  insensitive  explosives.  Results  of  tests  with  these 
mixtures  are  presented  as  curves  for  two  series  of  detonators:  mer¬ 
cury  fulminate-potassium  chlorate  (80-20)  detonators,  and  tetryl- 
base  detonators.  From  these,  a  procedure  for  a  routine  test  is  de¬ 
veloped  and  outlined. 

Two  reference  initiating-efficiency  curves,  based  on  this  routine 
test,  for  fulminate-chlorate  (80-20)  and  tetryl-base  detonators  are 
presented,  as  are  results  of  the  routine  miniature-cartridge  test  for 
determinations  of  the  initiating  efficiency  of  7  selected  commercial 
No.  6  and  No.  8  detonators.  By  comparing  results  of  the  miniature- 
cartridge  test  with  those  of  the  sand  test,  it  is  shown  that  the'  latter 
is  questionable  as  a  general  method  for  measuring  relative  initiating 
efficiencies  of  detonators  and  is  of  value  only  for  special  cases. 


In  the  sand  test,  first  proposed  by  Snelling  (10),  a  detonator  is 
fired  in  the  center  of  a  mass  of  Ottawa  standard  sand  contained  in 
an  appropriate  bomb.  The  quantity  of  sand  crushed  is  taken  as  a 
criterion  of  the  initiating  efficiency  of  the  detonator.  The  pres¬ 
ent  paper,  which  compares  the  results  of  the  sand  test  with  those 
of  the  miniature-cartridge  test,  indicates  that,  except  for  special 
cases,  the  sand  test  is  generally  misleading  as  a  measurement  of 
initiating  efficiency. 

The  lead-plate  test  (4)  is  widely  used  for  control  work  in  deto¬ 
nator  factories.  The  detonator  to  be  tested  is  placed  vertically 
in  the  center  of  a  lead  plate  3.75  X  3.75  X  0.3  cm.  (1.5  X  1.5  X 
0.125  inch)  and  fired.  The  size  of  hole  and  the  number  and  na¬ 
ture  of  striations  produced  provide  a  measure  of  the  initiating 
efficiency  of  the  detonator.  There  is  no  evidence  that  the  lead 
plate  measures  ability  of  a  detonator  to  initiate  detonation  in  high 
explosives. 

In  the  small  Trauzl  lead  block  (7)  the  detonator  is  inserted  into 
a  tightly  fitting  cavity  in  the  block  and  fired.  The  increase  in 
volume  is  taken  as  an  index  of  the  initiating  efficiency  of  the 
detonator.  As  with  the  lead-plate  test,  no  one  has  demonstrated 
that  the  small  Trauzl  lead-block  test  measures  initiating  effi¬ 
ciency. 

Esop’s  original  test  (1,  8,  p.  163),  reported  in  1899,  consisted  of 
mixing  cottonseed  oil  with  a  suitable  explosive,  such  as  picric  acid 
or  TNT,  and  determining  the  percentage  of  oil  which  could  be 
added  without  preventing  detonation  by  the  detonator  being 
tested.  The  original  method  in  several  modified  forms  has  been 
revived  in  Europe  within  recent  years  and  studied  further  by 
Wohler,  Roth,  and  Ewald  (15,  16)  and  Haid  and  Koenen  (6). 
The  later  tests  consist  of  TNT-talc  (hydrated  magnesium  silicate) 
pellets  formed  under  pressures  of  1250  kg.  per  sq.  cm.,  having  a 
diameter  of  25  mm.,  a  height  of  41  to  42  mm.,  and  a  hole  for  the 
detonator  25  mm.  deep.  The  diameter  of  the  cavity  made  in  a 
lead  plate  3  cm.  thick  is  used  as  a  criterion  of  the  extent  of  deto¬ 
nation.  The  percentage  of  talc  is  increased  until  this  diameter  is 
25  mm.,  the  same  as  that  of  the  pellet,  when  it  is  assumed  that 
detonation  of  the  pellet  is  incomplete.  The  corresponding  percent¬ 
age  of  talc  is  taken  as  a  measure  of  the  strength  of  the  detonator. 
It  is  reported  that  the  results  can  be  closely  reproduced.  In  other 
modifications  of  the  test  the  detonator  and  TNT-talc  pellets  were 
fired  in  (a)  a  large  Trauzl  lead  block  and  the  volume  increase  of 
the  cavity  formed  was  measured,  and  (b)  in  the  brisance  meter  and 
the  compression  of  a  copper  cylinder  was  measured  according  to 
the  method  of  Kast  (6) . 

In  the  TNT-iron  oxide  insensitive  powder  test  (14)  the  deto¬ 
nator  is  fired  in  a  3.1  X  10  cm.  (1.25  X  4  inch)  cartridge  of  TNT- 
iron  oxide  weighing  70  grams.  Various  blends  of  TNT-iron 
oxide,  each  varying  by  1%  of  iron  oxide,  are  used.  The  blends 
which  produce  20  consecutive  detonations  and  20  consecutive 
failures  are  determined.  In  addition,  20  trials  are  made  for  each 
intermediate  blend.  A  failure  is  indicated  by  the  recovery  of  a 
stub  or  butt  crimp  of  the  cartridge  after  the  shot.  The  procedure 
is  generally  repeated  with  a  standard  detonator  for  comparison 
purposes.  Despite  the  considerable  labor  involved,  some  testing 
engineers  believe  that  the  insensitive  powder  test  reflects  initiat- 
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ing  efficiency  better  than  any  of  the 
previous  tests  employed.  Its  disad¬ 
vantage  is  the  difficulty  of  differ¬ 
entiating  between  detonations  and 
failures  and  the  small  range  (approxi¬ 
mately  2  to  12%)  of  added  iron  oxide 
within  which  the  test  is  workable  (5) . 

To  some  extent  it  is  currently  being 
used  by  the  industry. 

MINIATURE-CARTRIDGE  TEST 

Essentially,  the  miniature-cartridge 
test  consists  of  firing  the  detonator 
under  test  in  an  insensitive  explosive 
and  measuring  the  degree  of  detona¬ 
tion  produced.  For  the  test  work 
various  mixtures  of  TNT-iron  oxide 
were  selected  to  represent  a  wide 
range  of  insensitive  explosives.  The 
physical  and  chemical  properties, 

■especially  the  packing  density,  of  the 
TNTriron  oxide  mixtures  are  care¬ 
fully  controlled. 

The  technique  consists,  briefly,  of 
loading  a  5-gram  charge  of  a  homo¬ 
geneous  TNT-iron  oxide  mixture, 
which  is  definitely  controlled,  into  a 
carefully  made  paper  cartridge  1.25 
cm.  (0.5  inch)  in  inside  diameter  and 
6.88  cm.  (2.75  inches)  long  (Figure  1). 

The  packing  density  is  constant 
and  the  detonator  is  inserted  to 
such  a  depth  as  to  produce  maximum  initiation.  The  extent  of 
detonation  of  the  desensitized  TNT  is  measured  by  firing  the 
miniature  cartridge  and  its  detonator  in  the  center  of  1000  grams 
of  the  Ottawa  sand  in  a  steel  bomb  of  7.5-cm.  (3-inch)  inside 
diameter  (Figure  2) .  The  crushed  sand  which  passes  through  a 
No.  30  U.  S.  Standard  series  screen  represents  the  sand  pulverized 
by  the  TNT-iron  oxide  and  the  detonator.  From  this  value  is 
subtracted  the  detonator  blank,  which  is  obtained  by  similarly 
firing  a  miniature  cartridge  containing  5  grams  of  pure  iron  oxide 
and  the  detonator.  The  value  of  sand  crushed,  thus  derived, 
represents  the  initiating  efficiency  of  the  detonator. 

The  miniature-cartridge  test  is  therefore  based  on  the  reason¬ 
ably  sound  concept  that  the  desired  measurement  is  not  the 
force  of  a  detonator  itself,  but  the  resultant  effect  of  the  detonator 
in  producing  a  greater  or  lesser  degree  of  detonation  in  an  insensi¬ 
tive  explosive.  Furthermore,  the  experimental  technique  of  the 
miniature-cartridge  test  combines  the  known  advantages  of  the 
sand  test  and  the  TNT-iron  oxide  insensitive  powder  test. 

The  conclusions  and  experience  derived  from  independent  ex¬ 
periments  by  the  writers,  not  reported  here,  were  utilized  in  de¬ 
veloping  the  test 

Within  certain  limits,  as  the  packing  density  of  a  TNT-iron 
oxide  mixture  increases  its  explosive  power  as  measured  by  its 
sand-crushing  capacity  deci  eases  rapidly.  From  experience  with 
these  experiments  the  decision  was  made  to  control  the  packing 
density  within  values  of  0.94  ±  0.02  gram  per  cc. 

If  a  detonator  is  inserted  in  an  explosive  up  to  a  point  repre¬ 
senting  the  length  of  the  explosive  charge  in  the  detonator,  the 
maximum  initiating  efficiency  of  that  detonator  will  be  obtained 
within  a  small  error.  In  this  report  this  is  referred  to  as  the 
“depth  of  maximum  initiation”. 

A  5-gram  charge  of  TNT-iron  oxide  mixture  produced  results 
which  were  in  practically  the  same  relative  order  as  those  for 
larger  charges — -namely,  10  and  25  grams  [in  1  88-cm.  (0.75-inch) 
-and  2.5-cm.  (1-inch)  inside  diameter  cartridges,  respectively] .  It 
was  deduced  that  these  larger  charges  tended  to  introduce  a  cush¬ 
ioning  effect  caused  by  the  undetonated  portion  of  TNT-iron 
oxide.  This  effect  prevented  the  full  sand-crushing  capacity 
from  being  attained  and  introduced  an  error,  serious  for  the 
weaker  detonators. 

That  the  subtraction  of  the  detonator  blank  from  the  total  sand 
-crushed  was  a  reasonable  operation  was  confirmed  by  experiments 
with  Cordeau  (TNT)  and  Primacord  (PETN)  detonating  cords. 
It  was  found  that  a  3.75-cm.  (1.5-inch)  length  of  Cordeau  (con¬ 
taining  0.72  gram  of  TNT)  crushed  exactly  the  same  weight  of 


Table  I.  Screen  Analyses  of  TNT  and  Iron  Oxide  Used  for 
TNT-iron  Oxide  Mixtures 


U.  S.  Standard 

Opening, 

Cumulative  Per  Cent 
on  Screen 

Screen  No. 

Inch 

TNT 

Iron  oxide 

20 

0.0331 

0.1 

0.4 

40 

0.0166 

0.9 

0.9 

60 

0.0098 

23.9 

6.7 

80 

0.0070 

75.6 

55.2 

100 

0.0059 

90.9 

65.2 

200 

0.0029 

99.4 

90.2 

Pan 

99.5 

91.6 

sand,  whether  initiated  by  a  No.  6  or  a  No.  8  standard  electric 
detonator,  after  subtraction  of  the  detonator  blank. 

APPARATUS 

Sand  Bomb.  The  steel  sand  bomb  used  in  these  tests  has  an 
inside  diameter  of  7.5  cm.  (3  inches)  and  an  inside  height  of  17.5 
cm.  (7  inches)  and  is  known  as  Bureau  of  Mines  Sand  Bomb  No.  3. 
The  bomb  is  made  of  either  good-quality  machine  steel  or  Shelby 
tubing  and  is  shown,  with  its  necessary  accessories,  in  Figure  2. 

Sand  and  Sceeens.  Quartz  sand  known  as  “Ottawa  standard 
20-30  sand”  furnished  by  the  Ottawa  Silica  Company,  Ottawa, 
Ill.,  was  used.  The  sand  was  rescreened  and  all  which  passed 
through  a  No.  20  Tyler  Standard  series  screen  (opening  0.082 
cm.,  0.0328  inch)  and  was  caught  on  a  No.  28  Tyler  Standard 
series  screen  (opening  0.058  cm.,  0.0232  inch)  was  retained  for  the 
tests.  The  No.  28  Tyler  and  No.  30  U.  S.  Standard  screens  are 
considered  equivalent. 

Testing-Sieve  Shaker.  This  was  one  of  the  common  sieve 
shakers,  provided  with  a  timer. 

Balances  and  Weights.  The  charges  of  TNT-iron  oxide 
were  weighed  to  three  decimal  places  on  a  chemical  balance.  The 
sand  was  weighed  to  one  decimal  place  on  a  pan  or  trip  balance. 

TNT.  Grade  I  TNT  having  a  melting  point  of  at  least 
80.4°  C.  was  used.  Its  screen  analysis  is  given  in  Table  I. 

Iron  Oxide.  A  finely  divided  pure  iron  oxide,  Fe203,  specified 
as  iron  oxide  W-301,  is  obtainable  from  the  Philadelphia  Paint 
Works  of  E.  I.  du  Pont  de  Nemours  &  Co.,  Philadelphia,  Pa.,  for 
preparing  the  TNT-iron  oxide  mixtures.  The  screen  analysis  of 
the  iron  oxide  (Venetian  red)  used  in  these  tests  is  given  in  Table  I. 

Matchhe ad-Type  Squibs.  In  these  tests  all  fuse  detonators 
were  fired  electrically  by  inserting  into  the  detonator  a  match 
head-type  squib,  obtained  from  the  Atlas  Powder  Company, 
Wilmington,  Del.  These  squibs  permitted  a  more  rapid  perform¬ 
ance  and  produced  a  neater  test  than  safety  fuse. 

Paper  Cups.  The  paper  cups  (Figure  1)  were  prepared  in  the 
laboratory  as  follows:  Common  15-pound-base  white  typewriter 
paper  is  used.  Rectangular  pieces  7.5  X  12.18  cm.  (3  X  4.875 
inches)  are  cut  having  a  marginal  line  drawn  0.94  cm.  (0.375  inch) 
from  the  edge  of  the  longer  side.  Each  piece  of  paper  is  wrapped 
tightly  around  a  10-cm.  (4-inch)  length  of  1.25-cm.  (0.5-inch) 


Figure  2.  Sand  Bomb  3,  Unassembled 


Figure  1.  Miniature 
Cartridge  Showing 
Partly  Inserted  Wood 
Detonator  Holder 
and  Fuse  Detonator 
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dowel  rod,  which  serves  as  a  mandrel,  one  end  of  the  rod  being 
rolled  along  the  line.  This  provides  exactly  three  wraps.  A 
moistened  Dennison’s  label  No.  201  is  then  wrapped  around  the 
cartridge.  The  cartridge  is  crimped  neatly  at  the  proper  end  and 
the  crimp  flattened  by  striking  the  dowel  rod  with  a  hammer  while 
the  cartridge  is  placed  against  a  hard  surface.  Two  strips  of 
label  approximately  0.94  cm.  (0.375  inch)  wide  and  3.75  cm.  (1.5 
inches)  long  are  pasted  across  the  bottom,  which  is  again  flattened 
as  above.  The  resulting  paper  cup  has  an  inside  diameter  of  1.25 
cm.  (0.5  inch)  and  a  height  of  6.56  cm.  (2.625  inches),  and  weighs 
approximately  1  =*=  0.05  gram. 

Wood  Detonator  Holders.  These  holders  are  made  in  a 
lathe  from  common  1.25-cm.  (0.5-inch)  diameter  dowel  rod.  A 
hole  is  drilled  longitudinally  through  a  length  of  the  rod,  -of  a  size 
so  that  a  particular  detonator  will  have  a  snug  but  sliding  fit 
within  the  hole.  The  holders  are  cut  into  0.94-cm.  (0.375  inch) 
lengths. 

TNT-Iron  Oxide  Mixtures.  The  TNT-iron  oxide  mixtures 
should  be  made  up  in  at  least  500-  or  1000-gram  batches.  The 
calculated  amounts  of  TNT  and  iron  oxide  are  separately 
weighed  to  0.1  gram,  mixed  on  a  heavy  piece  of  paper,  then 
screened  through  a  No.  30  U.  S.  Standard  screen.  The  lumps 
that  do  not  pass  are  separately  crushed  and  remixed.  This  opera¬ 
tion  is  repeated  at  least  6  times.  The  mixture  is  placed  in  240-ml . 
(8-ounce)  bottles  and  occasionally  remixed  by  rolling  contents  in 
the  bottle. 

BASIC  PROCEDURE  FOR  MINIATURE-CARTRIDGE  TEST 

Step  1.  Weighing  Charge  and  Preparing  Miniature 
Cartridge.  One  of  the  paper  cups  is  filled  with  5  grams  of  the 
desired  TNT-iron  oxide  mixture.  The  weighings  are  made  to 
three  places  primarily  to  control  the  packing  density. 


Figure  3.  Cross-Sectional  Diagram  of 
Miniature  Cartridge 


'■  The  detonator  and  wood  detonator  holder  are  then  inserted  into 
the  mixture  in  the  cup  (Figure  3).  The  desired  depth,  l,  to 
which  the  detonator  is  to  be  inserted  is  controlled  by  dimension  a, 
which  has  been  previously  ascertained.  The  correct  dimension, 
L,  which  will  give  a  packing  density  of  0.94  ±  0.02  is  obtained 
from  the  calculation  described  in  step  2.  Dimension  L  is 
measured  with  a  ruler  and  a  small  mark  is  made  on  the  outside  of 
the  cartridge  at  point  b  with  a  sharp  pencil.  While  the  detonator 
is  being  inserted,  the  cartridge  is  rolled  gently  between  the  fingers 
to  prevent  localized  packing  of  the  mixture  and  to  obtain  a  uni¬ 
formly  distributed  charge.  The  wood  detonator  holder  is  pushed 
in  until  the  proper  dimension  L  is  obtained,  while  the  detonator  is 
manipulated  until  dimension  a  is  obtained.  The  miniature  car¬ 
tridge  should  be  made  carefully. 

Step  2.  Calculation  of  Packing  Density.  From  Figure  3, 
the  volume  of  the  charge  of  TNT-iron  oxide  mixture  is 


Figure  4.  Cross-Sectional  Diagram  Showing  Method  of 
Embedding  Miniature  Cartridge  in  Sand  in  Sand  Bomb 


V  =  1/4 (irD*L  -  ndH) 

=  12.87(D2L  -  dH) 

where  V  is  the  volume  in  cc.,  D  is  inside  diameter  of  the  paper  cup, 
L  is  length  of  TNT-iron  oxide  charge,  d  is  the  outside  diameter  of 
the  detonator,  and  l  is  the  depth  of  insertion  of  the  detonator. 
The  density  is  calculated  by  dividing  the  weight  (5  grams)  by 
the  volume.  If  D  is  0.50  inch,  L  is  1.825  inches,  d  is  0.272  inch, 
and  l  is  0.75  inch,  V  is  calculated  to  be  5.32  cc.,  from  which  the- 
packing  density  is  found  to  be  5.00/5.32  or  0.94  gram  per  cc. 
Ordinarily,  since  the  density  is  specified,  the  usual  calculation 
will  be  for  L,  which  may  be  computed  from  the  above  by  substi¬ 
tuting  5.32  for  V. 

Step  3.  Loading  and  Firing  in  Sand  Bomb.  In  the  bottom 
of  the  sand  bomb  are  placed  300  grams  of  rescreened  Ottawa  sand 
(Figure  4) .  The  miniature  cartridge,  with  inserted  detonator,  is 
placed  vertically  and  centrally  in  the  bomb,  so  that  its  bottom 
just  rests  on  top  of  the  sand;  then  a  700-gram  portion  of  sand  is 
poured  in  around  the  cartridge.  The  bomb  is  tapped  about  10 
times  with  a  hammer  to  settle  the  sand  and  is  then  closed  securely. 
The  leg  wires  should  extend  out  of  the  sides  of  the  bomb  through 
small  slits  provided  for  them.  The  bomb  is  then  placed  on  a 
solid  surface,  preferably  concrete,  and  within  some  kind  of  bomb¬ 
proof  because  of  the  possibility  of  the  bomb’s  rupturing  should  it 
be  weak  or  the  charge  heavy.  The  charge  is  then  fired. 

Step  4.  Screening  Pulverized  Sand.  After  the  shot,  the 
bomb  is  opened  and  the  contents  are  placed  on  a  piece  of  heavy 
manila  paper.  The  metal  particles  are  picked  out  and  discarded. 
It  will  be  found  that  the  portion  of  TNT-iron  oxide  which  did  not 
detonate  has  been  compressed  by  the  force  of  the  shot  into  a  hard 
kernel.  This  is  broken  up  by  rolling  under  a  flat  piece  of  wood 
along  with  any  other  lumps  or  cinders  of  sand.  The  sand  is  then 
screened  for  3  minutes  on  a  No.  28  Tyler  Standard  or  a  No.  30 
U.  S.  Standard  screen  in  a  testing-sieve  shaker.  The  screen  is  re¬ 
moved  from  the  shaker,  and  any  lumps  of  sand  found  in  the  un¬ 
screened  sand  are  crushed  between  the  fingers.  The  sand  is  given 
an  additional  100  shakes  by  hand  on  the  table  top.  The  crushed 
sand  which  has  passed  through  the  No.  28  Tyler  screen  is  then 
weighed  to  the  nearest  0.1  gram. 

Step  5.  Detonator  Blank.  The  detonator  blank  is  deter¬ 
mined  by  repeating  steps  1  to  4,  inclusive,  except  that  5  grams  of 
iron  oxide  are  substituted  for  the  TNT-iron  oxide. 


TESTS  OF  FULMINATE-CHLORATE  DETONATORS  WITH  TNT-IRON  OXIDE 
•  MIXTURES 

A  series  of  three  80-20  mercury  fulminate-potassium  chlorate 
detonators,  containing  a  total  charge  of  1.00,  2.00,  and  3.00 
grams,  was  prepared  in  the  laboratory.  These  correspond,  re- 
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TESTS  OF  TETRYL-BASE  DETONATORS  WITH  TNT-IRON  OXIDE  MIXTURES 

To  cover  a  wider  range  of  initiating  efficiency,  a  series  of  three 
detonators  containing  tetryl  as  the  base  charge  was  prepared 
with  0.25,  0.75,  and  1.25  grams  of  tetryl,  respectively,  and  having 
a  constant  priming  charge  of  0.75  gram  of  80-20  fulminate-chlo¬ 
rate  (see  schematic  sketches  of  Figure  6) .  A  determination  of  the 
minimum  charge  of  80-20  fulminate-chlorate  required  to  initiate 
1.25  grams  of  tetryl  gave  a  value  of  0.40  gram,  using  the  method 
of  Taylor  and  Cope  (IS).  The  same  shells  as  in  the  previous 
series  were  used.  .The  base  charge  was  loaded  and  pressed  in 
increments  of  0.25  gram  at  98  kg.  per  sq.  cm.  (1400  pounds  per 
square  inch) .  The  top  surface  of  the  tetryl  was  made  concave  by 
the  use  of  a  convex  press  pin.  The  priming  charge  was  pressed  at 
700  pounds  per  square  inch.  The  results  with  these  detonators  of 
a  procedure  similar  to  that  for  the  fulminate-chlorate  detonators 
are  shown  as  curves  in  Figure  7. 


Figure  5.  Schematic  Sketches  of  Mercury  Fulminate-Potas¬ 
sium  Chlorate  (80-20)  Reference  Detonators 
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Figure  6.  Schematic  Sketches  of  Tetryl-Base  Reference  Detonators 


DISCUSSION  OF  CURVES  OF  FIGURES  7  AND  8 

The  interpretation  of  the  curves  of  Figure  7  must  be  considered 
in  terms  of  explosives  which  are  relatively  “sensitive”  or  ‘  insensi¬ 
tive”  to  detonation.  The  developed  explosive  power  of  a  sensi¬ 
tive  explosive  is  independent  of  the  magnitude  of  the  initiating 
impulse,  providing  that  impulse  is  above  a  certain  minimum. 
On  the  other  hand,  the  developed  explosive  power  of  an  insensi¬ 
tive  explosive  is  dependent  upon  the  initiating  impulse.  The 
TNT-iron  oxide  mixtures  of  Figure  7  represent  a  wide  range  of 
insensitivity  to  detonation.  It  will  be  noted  that  the  three  curves 
for  the  fulminate-chlorate  detonators  intersect  slightly  to  the  left 
of  the  y  axis  (100%  TNT).  This  point  may  be  considered  as 
representing  a  transition  from  insensitive  to  sensitive  explosives 
under  the  particular  conditions  of  test.  The  same  interpretation 
applies  to  the  tetryl-base  detonators. 

It  is  to  be  noted  further  that  the  curve  for  the  detonator  con¬ 
taining  0.25  gram  of  tetryl  crosses  the  two  curves  for  the  deto¬ 
nators  containing  2.00  and  3.00  grams  of  fulminate-chlorate. 
However,  when  the  sand  crushed  is  plotted  against  the  weight  of 
explosive  charge  in  the  detonator  (Figure  8),  for  each  TNT-iron 
oxide  mixture  the  curve  for  the  tetryl-base  detonators  is  above 


spectively,  to  No.  6,  No.  8,  and  No.  10  Bureau  of  Mines  standard 
detonators  (see  schematic  sketches  of  Figure  5).  The  base 
charge  of  80-20  fulminate-chlorate  in  0.50-gram  increments  was 
charged  at  a  pressure  of  63  kg.  per  sq.  cm.  (900  pounds  per  square 
inch)  in  gilding-metal  shells  having  an  outside  diameter  of  0.69 
cm.  (0.27  inch)  and  a  depression  in  the  bot¬ 
tom.  For  all  detonators  of  this  series  the 
priming  charge  was  0.50  gram  of  80-20 
fulminate-chlorate,  which  was  pressed  at  49 
kg.  per  sq.  cm.  (700  pounds  per  square  inch). 

The  press  pins  had  a  “flat”  bottom  (actually 
slightly  convex). 

Tests  were  made  with  each  detonator  (steps 
1  to  5,  inclusive)  in  a  5-gram  charge  of  TNT 
and  in  various  mixtures  in  which  the  TNT  was 
replaced  with  10,  20,  30,  and  40%,  respectively, 
of  iron  oxide. 

Figure  7  depicts  the  curves  obtained  by 
plotting  the  sand  crushed  against  the  per  cent 
of  iron  oxide  in  the  TNT-iron  oxide  mixture. 

The  depth  to  which  each  detonator  was  in¬ 
serted  in  the  TNT-iron  oxide  mixture  (depth 
of  maximum  initiation)  was  1.25,  2.5,  and 
4.06  cm.  (0.5,  1,  and  1.625  inches)  for  the  Nos. 

6,  8,  and  10  detonators,  respectively.  At 
least  two  trials  were  made  for  each  determina¬ 
tion  and  two  additional  trials  for  the  de¬ 
tonator  blank  (step  5).  The  blank  was  sub¬ 
tracted  before  the  points  in  Figure  7  were 
plotted. 


Each  point  of  Figure  7  represents  at  least 
two  shots.  The  grand  average  of  the  “maxi¬ 
mum  deviation  from  the  average”  was  1.4% 
based  on  the  total  weight  of  sand  crushed. 
This  constitutes  a  measure  of  the  reproduci¬ 
bility  of  the  miniature-cartridge  test. 


that  for  the  fulminate-chlorate  detonators  for  the  same  TNT-iron 
oxide  mixture.  In  other  words,  any  given  TNT-iron  oxide 
mixture  will  differentiate  between  the  initiating  efficiencies  of 
detonators  to  a  more  or  less  satisfactory  degree.  For  a  routine 


Figure  7.  Sand  Crushed  by  5  Grams  of  TNT-iron  Oxide  Mixture  Only  vs.  Per 
Cent  of  Iron  Oxide  in  Mixture 
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est  the  problem  then  resolves  itself  into  the  selection  of  a  mixture 
r  combination  of  mixtures  which  will  be  most  suitable  for  the 
lurpose.  Accordingly,  80-20  and  70-30  TNT-iron  oxide  mix- 
ures  were  selected  and  used  and  the  results  averaged.  Briefly, 
he  important  reasons  for  this  selection  were : 

The  average  height  of  each  curve  given  in  Figure  7  was  com- 
mted.  The  corresponding  percentage  of  iron  oxide  in  the  TNT- 
•on  oxide  mixture  giving  a  sand-crushing  value  equal  to  the 
verage  height  was  found  for  each  curve  and  averaged.  This 
rand  average  was  26,  which  meant  that  if  a  single  mixture  of 
4-26  TNT-iron  oxide  were  used,  the  results  would  be  in  the  same 
eneral  order  as  though  the  whole  series  of  TNT-iron  oxide 
lixtures  were  used.  Since  a  single  mixture  was  considered  a  too 
evere  limitation,  two  mixtures  were  decided  upon  for  use. 

The  vertical  spread  between  the  curves  of  Figure  7  is  approxi- 
lately  greatest  in  the  region  represented  by  the  80-20  and  70-30 
lixtures. 

It  was  found  that  for  the  mixtures  having  a  high  TNT  content 
from  about  85-15  to  100-0),  the  results  were  not  as  reproducible 
s  for  mixtures  of  lower  TNT  content. 

PROCEDURE  FOR  ROUTINE  MINIATURE-CARTRIDGE  TEST 

The  outline  of  the  procedure  for  the  routine  method  of  making 
he  miniature-cartridge  test  is  as  follows: 

Determination  of  Depth  of  Maximum  Initiation.  The 
mgth  of  charge  in  the  detonator  is  equal  to  the  depth  of  maxi- 
lum  initiation.  The  best  means  for  determining  the  length  of 
harge  has  been  found  to  be  the  opening  of  the  detonator  by  some 
afe  method  (.?)».  In  this  work  this  measurement  was  rounded  to 
he  length  nearest  the  next  0.25-inch  increment  (0.5,  0.75,  1 
ich,  etc.). 

Determination  of  Detonator  Blank.  Following  the  pro- 
edure  of  step  5,  the  detonator  is  inserted  to  a  depth  equal  to  the 
epth  of  maximum  initiation  in  5  grams  of  iron  oxide.  Two 
rials,  each  within  5%  deviation  from  the  average,  are  made. 

Determination  of  the  Average  of  Sand  Crushed  by  the 
0-20  and  70-30  TNT-Iron  Oxide  Mixtures.  At  least  two 
rials  are  made  with  each  of  the  80-20  and  70-30  TNT-iron  oxide 
lixtures  following  the  procedures  of  steps  1  to  4,  inclusive,  and 
he  results  are  averaged.  Each  trial  should  not  deviate  by  more 
ban  5%  from  the  average.  The  detonator  blank  is  subtracted 
•om  this  average.  The  routine  method  involves  a  minimum  of  6 
rials  requiring  about  30  minutes  each. 


igure  8.  Sand  Crushed  by  5  Grams  of  TNT-iron  Oxide  Mixtures 
Only  vs.  Total  Weight  of  Explosive  Charge  in  Detonator 


Figure  9.  Initiating  Efficiency  Curves  for  Two  Series  of  Reference 

Detonators 


MINIATURE-CARTRIDGE  TEST  ON  TWO  SERIES  OF  REFERENCE 
DETONATORS 

The  miniature-cartridge  test  evaluates  the  initiating  efficiency 
of  a  given  detonator  relative  to  that  of  some  other  detonator. 
Hence  it  becomes  desirable  to  establish  reference  detonators  for 
comparison  purposes. 

The  generally  accepted  definition  for  a  No.  6  detonator  is  that 
promulgated  by  the  Bureau  of  Mines  for  a  standard  No.  6  deto¬ 
nator — namely,  that  it  shall  contain  1  gram  of  80-20  mercury 
fulminate-potassium  chlorate.  The  corresponding  No.  8  and 
No.  10  detonators  contain  2  and  3  grams,  respectively,  of  the  same 
mixture.  For  commercial  detonators,  a  No.  6  (or  No.  8)  deto¬ 
nator  is  one  that  contains  the  same  charge  as  the  standard  No.  6 
(or  No.  8)  or  a  charge  equivalent  in  initiating  efficiency.  This 
equivalency  has  never  been  rigidly  specified  because  there  has 
been  no  widely  accepted  test  for  measuring  initiating  efficiency. 

The  first  series  of  reference  detonators  was  made  as  similar  as 
possible  to  the  above-mentioned  standard  fulminate-chlorate 
detonators.  They  included  the  Nos.  6,  7,  8,  9,  and  10  grades  and 
contained  1.0,  1.5,  2.0,  2.5,  and  3.0  grams,  respectively,  of  this 
mixture  (see  Figure  5  for  general  make-up).  They  are  called 
“reference”  detonators  and  not  “standard”  detonators  because 
they  were  merely  selected  by  the  writers  for  test  purposes  and  are 
not  to  be  construed  as  Bureau  of  Mines  specifications.  It  is  be¬ 
lieved  that  the  definitions  of  standard  detonators  have  been 
heretofore  treated  rather  loosely  (7,  8, 12). 

The  initiating  efficiency  curve  for  the  fulminate-chlorate  refer¬ 
ence  detonators  is  plotted  in  Figure  9.  This  curve  was  deter¬ 
mined  by  the  procedure  of  the  routine  miniature-cartridge  test, 
using  the  following  depths  of  maximum  initiation:  0.5,  0.75,  1, 
1.25,  and  1.625  inches  for  the  Nos.  6,  7,  8,  9,  and  10  detonators, 
respectively.  The  detonator  blank  was  subtracted  before  the 
points  for  this  curve  were  plotted. 

The  second  series  of  reference  detonators  contained  tetryl  as 
the  base  charge  and  80-20  fulminate-chlorate  as  the  priming 
charge  (Figure  6).  This  series  was  chosen  because:  (1)  the 
initiating  efficiency  curve  of  the  fulminate-chlorate  series  of 
detonators  (Figure  9)  did  not  cover  a  sufficiently  wide  range  to 
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Figure  10.  Relative  Initiating  Efficiencies  of  Commercial  Detonators  as  Determined 
by  Routine  Method  of  Miniature-Cartridge  Test 


in  regular  gilding-metal  shells.  Space  does  not 
permit  presentation  of  the  detailed  structural 
features  of  these  detonators,  but  diagrams  of 
some  similar  typical  detonators  have  been  pre¬ 
sented  in  other  publications  {2,  5 ) . 

The  relative  initiating  efficiencies  of  these  7 
selected  detonators  as  determined  by  the  routine 
miniature-cartridge  test  are  graphically  pre¬ 
sented  in  Figure  10.  The  corresponding  grade 
number  of  each  of  the  7  selected  detonators,  as 
determined  by  comparison  with  the  curve  of 
the  reference  fulminate-chlorate  detonators  of 
Figure  9,  is  given  in  parentheses  at  the  bottom 
of  the  graph.  The  discrepancies  between  the 
nominal  grade  numbers  and  the  actual  grade 
values  as  found  by  the  miniature-cartridge  test 
are  striking.  The  nominal  No.  6  detonators 
range  from  No.  7—  to  No.  10  —  .  The  nominal 
No.  8  detonators  range  from  No.  8  to  No.  14+. 

COMPARISON  OF  MINIATURE-CARTRIDGE  TEST 
AND  SAND  TEST 


Table  II.  Comparison  of  Miniature-Cartridge  Test  and  Sand  Test 

Sand  Test  Miniature-Cartridge  Test 


Nominal 

Sand 

crushed 

by 

Equiva¬ 

lent 

Average  of  sand 
crushed  by  80-20 
and  70-30  TNT- 

Equiva¬ 

lent 

Deto- 

Grade 

detonator, 

grade 

iron  oxide  mixtures, 

grade 

nator 

No. 

grams 

No. 

grams 

No. 

A 

6 

70 

6 

23 

6 

B 

8 

126 

8 

69 

8 

C 

10 

166 

10 

102 

10 

D 

6 

68 

6- 

41 

7- 

E 

6 

59 

5 

55 

7  + 

F 

6 

92 

7 

66 

8- 

G 

6 

85 

6V2 

99 

10- 

H 

8 

74 

6 

70 

8 

1 

8 

111 

7V2 

114 

11 

J 

8 

98 

7 

156 

14  + 

include  some  of  the  stronger  commercial  detonators.  (2)  To 
prepare  fulminate-chlorate  detonators  of  grades  above  No.  10  is 
physically  difficult.  (3)  The  majority  of  commercial  detonators 
now  contain  tetryl  as  the  base  charge.  The  initiating  efficiency 
curve  for  the  tetryl-base  detonators  (Figure  9)  reflects  the  marked 
improvement  in  initiating  efficiency  effected  by  substituting  a 
small  weight  of  tetryl  for  a  large  weight  of  fulminate-chlorate. 
For  example,  a  tetryl-base  detonator  containing  a  total  charge  of 
1.1  grams  (0.35  gram  of  tetryl  and  0.75  gram  of  80-20  fulminate- 
chlorate)  is  equivalent  in  initiating  efficiency  to  a  No.  8  detonator 
containing  a  total  charge  of  2.00  grams  of  80-20  fulminate- 
chlorate.  These  results  emphasize  that  detonators  containing 
fulminate-chlorate  as  the  base  charge  have  now  become  poor 
standard  detonators. 

With  these  curves  the  relative  initiating  efficiency  of  any  given 
detonator  may  be  now  compared  with  one  or  both  of  these  two 
series  of  reference  detonators.  By  subjecting  the  given  detonator 
to  the  routine  miniature-cartridge  test,  the  equivalent  fulminate- 
chlorate  and/or  tetryl-base  detonators  may  be  ascertained  from 
Figure  9. 

INITIATING  EFFICIENCY  OF  COMMERCIAL  DETONATORS 

Practically  all  kinds  and  makes  of  American  commercial  deto¬ 
nators,  as  well  as  several  foreign  makes,  have  now  been  subjected 
to  the  miniature-cartridge  test. 

As  representative  of  these,  the  data  for  7  carefully  selected 
American  commercial  detonators  are  presented  here.  These 
include  4  nominal  No.  6  detonators  and  3  nominal  No.  8  deto¬ 
nators,  representing  the  products  of  4  different  manufacturers. 
The  No.  6  grade  includes  3  electric  detonators  and  1  fuse  deto¬ 
nator;  the  No.  8  grade  includes  2  electric  detonators  and  1  fuse 
detonator.  The  detonators  selected  represent  3  diameters.  Two 
of  the  detonators  contain  an  inner  capsule.  One  of  the  deto¬ 
nators  contains  PETN  (pentaerythritol  tetranitrate)  as  the  base 
charge;  all  the  other  detonators  contain  tetryl.  All  were  loaded 


Each  of  the  7  commercial  detonators  was  tested  according  to 
the  regular  procedure  of  the  sand  test  in  the  Bureau  of  Mines 
sand  bomb  No.  2  ( 8 )  in  order  to  obtain  results  for  comparison 
with  those  of  the  miniature-cartridge  test.  This  bomb  had  an 
inside  diameter  of  5  cm.  (2  inches) . 

In  the  bottom  of  the  bomb  were  placed  100  grams  of  Ottawa 
sand  (20-30)  and  the  detonator  was  aligned  vertically  in  the 
center  of  the  bomb  as  usual.  A  second  250-gram  portion  of  sand 
was  then  poured  around  the  detonator  and  the  bomb  was  tapped, 
closed,  and  fired.  It  was  found  that  the  usual  80  plus  120  grams 
of  sand  was  not  sufficient  to  cover  some  of  the  higher-grade 
detonators. 

The  results  of  the  sand  test  for  the  7  commercial  detonators  are 
given  in  Table  II.  It  is  strikingly  evident  that  the  results  of  the 
sand  test  are  not  at  all  comparable  with  those  of  the  miniature- 
cartridge  test. 

By  the  sand  test  detonator  E  is  appreciably  weaker  than  a 
No.  6  standard  detonator,  but  by  the  miniature-cartridge  test  it 
has  an  initiating  efficiency  somewhat  better  than  that  of  a  No.  7 
detonator.  Detonator  J,  a  nominal  No.  8  fuse  detonator,  is 
approximately  equivalent  to  a  No.  7  standard  detonator  by  the 
sand  test,  but  the  miniature-cartridge  test  indicates  it  to  be  of  the 
order  of  a  No.  14  detonator. 

As  a  matter  of  fact,  for  all  7  detonators  the  results  of  the  sand 
test  are  decidedly  misleading.  The  mere  mechanical  effect  repre¬ 
sented  by  the  sand  crushed  by  a  detonator  fired  independently  of 
an  explosive,  as  in  the  sand  test,  is  evidently  not  indicative  of 
what  the  initiating  ability  of  that  detonator  will  be  when  fired  in 
conjunction  with  an  explosive.  However,  in  the  miniature- 
cartridge  test,  the  detonator  is  fired  in  an  insensitive  explosive 
and  the  resulting  extent  of  detonation  produced  is  measured. 
Such  an  evaluation  therefore  constitutes  a  better  reflection  of  the 
initiating  characteristics  of  a  detonator  than  the  kind  of  measure¬ 
ment  obtained  by  the  sand  test.  It  may  therefore  be  concluded 
that  the  sand  test  is  questionable  as  a  method  for  measuring  rela¬ 
tive  initiating  efficiencies  of  detonators,  especially  detonators 
charged  with  different  kinds  of  initiating  explosives.  A  similar 
conclusion  has  already  been  stated  by  Marshall  ( 8 ,  p.  163). 
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Measuring  the  "Existent  Corrosivity"  of  Used  Engine  Oils 


R.  G.  LARSEN,  F.  A.  ARMFIELD,  and  L.  D.  GRENOT 
Shell  Development  Company,  Emeryville,  Calif. 


A  test  for  determining  the  "existent  corrosivity"  of  used  engine  oils 
independently  of  previous  history  provides  a  means  for  evaluating  in 
simple  fashion,  by  the  use  of  test  strips  coated  with  lead  or  other 
metal  in  graduated  thicknesses,  a  property  of  used  oils  not  heretofore 
satisfactorily  measured  by  routine  engjne  oil  tests.  It  also  has  prac¬ 
tical  application  in  determining  the  cause  of  bearing  failures  and 
indicating  necessary  oil  drain  periods. 


BECAUSE  of  efficient  and  compact  design,  internal  combus¬ 
tion  engines  can  today  be  constructed  which  produce  con¬ 
siderably  more  power  for  a  given  weight  than  was  possible  before. 
As  part  of  this  development,  the  bearings  now  employed  are 
smaller  and  are  required  to  carry  considerably  greater  loads  and 
operate  at  higher  temperatures.  These  advances,  however,  have 
often  been  accomplished  with  little  regard  to  chemical  relation¬ 
ships.  Thus  metals  now  used  in  bearings  can  withstand  higher 
loads  and  temperatures  but  are  more  susceptible  to  chemical 
attack  than  those  previously  used.  This  led  to  bearing  failures 
at  first,  but  the  situation  has  subsequently  been  largely  corrected 
through  the  efforts  of  oil  manufacturers  to  understand  the  nature 
of  the  failures  involved.  Lubricants  now  produced  give  improved 
performance  in  many  ways  and  give  the  engine  designer  greater 
latitude. 

Unfortunately,  occasional  bearing  failures  still 
occur.  These  may  be  traceable  to  mechanical 
factors  such  as  poor  alignment  and  fit,  poor 
cooling  due  to  insufficient  oil  flow,  poor  bonding 
of  the  bearing  alloy  to  the  backing,  or  imper¬ 
fect  structure  of  the  alloy,  or  to  weakened 
structure  as  a  result  of  chemical  attack.  Nor¬ 
mally,  the  only  certain  method  of  deciding 
which  of  these  factors  caused  failure  is  micro¬ 
scopic  examination  of  the  cross-sectioned  bear¬ 
ing. 

Improvement  in  oil  performance  has  generally 
been  accomplished  by  the  use  of  additives. 

Often  these  additives  are  detergent  in  nature 
and  prevent  the  formation  of  films  which  normally 
protect  the  bearing,  thus  leaving  it  susceptible 
to  corrosive  attack.  A  second  additive  may 
then  be  used  to  prevent  corrosion  by  reducing 
oxidation  or  by  passivating  the  surface.  When 
these  additives  are  depleted,  normal  or  even 
increased  corrosion  may  occur;  it  is,  therefore, 
desirable  to  change  oil  before  the  critical  stage 
has  been  reached.  In  practice,  the  oil  is  usually 
changed  when  acidity  develops,  since  it  is  as¬ 
sumed  that  acids  cause  corrosion.  Yet  it  is  well 
known  that  acid  number  alone  is  not  a  reliable 
indication  of  corrosivity.  In  fact,  certain  addi¬ 


tives  produce  titratable  acidity  in  the  new  oil,  yet  actually  pro¬ 
tect  against  corrosion.  It  was  the  purpose  of  the  present  work 
to  develop  a  simple  test  which  would  give  a  reliable  indication 
of  the  corrosivity  of  used  oils,  and  thus  to  guide  the  engineer  in 
determining  the  cause  of  bearing  failures;  and  to  help  the 
operator  decide  when  an  oil  change  is  necessary. 

Most  of  the  tests  reported  in  the  literature  (4,  8,  11,  13)  are 
used  to  predict  what  is  termed  by  Waters  and  Burnham  ( 12 )  as 
“potential  corrosivity” — i.e.,  the  extent  of  corrosion  which  occurs 
during  the  service  life  of  the  oil.  Such  methods  are  useful  in  the 
research  necessary  to  provide  oils  of  improved  performance,  but 
they  do  not  answer  the  needs  outlined  above.  Engine  tests  give 
only  the  combined  results  of  corrosivity  of  the  oil  modified  by  the 
action  of  any  protecting  surface  films  formed  on  the  bearing. 
Since  these  two  phenomena  often  represent  a  delicate  balance, 
lack  of  corrosion  in  one  particular  engine  may  not  ensure  the 
same  fortunate  conditions  in  a  similar  engine  under  slightly  dif¬ 
ferent  conditions.  Furthermore,  the  engine  must  be  torn  down 
and  bearings  removed  before  any  observation  of  corrosion  can  be 
made.  What  these  tests  do  not  measure  is  the  unmodified  cor¬ 
rosivity  of  the  oil  at  any  given  time,  or  what  has  been  called 
“existent  corrosivity”  (12). 

As  already  mentioned,  many  operators  use  the  acidity  of  an  oil 
as  a  criterion  of  existent  corrosivity.  Waters  and  Burnham  (12) 
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Figure  1.  Seven-Step  and  Wedge-Type  Corrosion  Test  Strips 
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Table  I.  Corrosion  Rate  of  Lead  Castings  in  Lauson  Engine 
By-Pass  Line 


Oil  Condition 


Corrosive 
Mildly  corrosive 
Noncorrosive 


(One  hour  at  140°  C.) 

Corrosion  Penetration 

(Calculated)  Corrosion  Lo6S 

Microns /hour  Mg./sq.  cm. /hour 


1.5-51 

0.1-0.76 

0-0.05 


1.7-5. 7 
0.11-0.86 
0-0.057 


have  shown  that  a  relation  exists  between  this  property  and 
neutralization  number  for  oils  in  which  acidity  has  been  devel¬ 
oped  under  rigidly  controlled  laboratory  conditions.  However, 
even  such  factors  as  the  viscosity  of  the  oil  determine  the  mag¬ 
nitude  of  existent  corrosivity  for  a  given  neutralization  number. 
In  the  case  of  acids  added  to  fresh  oils,  existent  corrosivity  de¬ 
pends  upon  the  chain  length  of  added  acid.  In  engine  operation, 
matters  are  complicated  not  only  by  the  factors  mentioned  above 
but  also  by  the  effect  of  acids  obtained  from  partial  combustion 
of  the  fuels. 
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Figure  2.  Plating  Circuit  for  Making  Seven- 
Step  Corrosion  Test  Strips 


Two  test  machines  designed  to  measure  existent  corrosivity  in 
the  laboratory  are  the  thrust  bearing  corrosion  machine  of  Talley, 
Larsen,  and  Webb  (10),  and  the  existent  corrosivity  apparatus  of 
Waters  and  Burnham  (12).  The  corrosion  test  described  in  the 
present  communication  is  not  intended  to  supplant  these  or  simi¬ 
lar  tests,  but  merely  to  indicate  the  corrosivity  of  a  used  oil  with 
the  use  of  nothing  more  complicated  than  a  hot  plate,  a  test  tube, 
and  a  thermometer,  or  to  be  adapted  to  the  crankcase  of  an  oper¬ 
ating  engine  by  the  simple  expedient  of  using  a  modified  dip  stick. 


CORROSION  TEST  STRIPS 

Early  in  the  development  of  the  test  it  was  decided  that  the 
most  practical  embodiment  would  consist  of  metal  deposited  in 
such  a  manner  that  its  removal  by  corrosion  could  be  followed 
simply  by  visual  observation.  An  acutely  tapered  wedge  of 
corrodible  metal,  suitably  mounted,  would  satisfy  this  require¬ 
ment,  for  reduction  in  the  length  of  the  wedge  would  measure  the 
corrosion  penetration  into  the  surface  (9).  Several  samples  of 
this  type  of  test  strip  were  made  by  evaporating  alternate  wedges 
of  copper  and  lead  and  of  lead  alone  onto  glass  microscope  slides. 
Subsequent  laboratory  tests  using  these  strips  in  corrosive  oils 
showed  that  only  the  lead  was  attacked  on  slides  containing 
both  lead  and  copper,  in  agreement  with  microscopic  studies  of 
corroded  copper-lead  bearings  wherein  the  lead  is  selectively 
removed.  Glass-supported  metal  wedges  have  the  advantage  that 


the  end  of  the  wedge  is  easily  seen  by  transmitted  light,  but  they 
are  fragile  and  not  readily  produced.  Copper  wedges,  if  present, 
act  as  a  convenient  reference,  although  in  some  cases  corrosion  of 
this  metal  may  also  be  expected. 

In  view  of  the  results  obtained  with  the  wedge-shaped  test 
strips,  other  strips  were  made  by  plating  lead  on  copper  in  various 
thicknesses  (9).  Greenshields  and  Wilson  (6)  had  earlier  found 
that  a  lead  casting  placed  in  the  pressure  by-pass  line  of  a  Lauson 
engine  incurred  the  losses  recorded  in  Table  I,  column  3.  These 
data  were  converted  into  rate  of  corrosion  penetration  (column  2). 
which  was  then  used  as  the  basis  for  thickness  of  the  wedge  and 
plated  test  strips.  The  first  strips  made  of  the  latter  design  had 
five  “steps”  of  lead  plated  on  copper,  the  layers  being  0.05,  0.18, 
0.58, 1.78,  and  5.08  microns  thick,  as  calculated  from  the  quantity 
of  electricity  required  for  the  deposition.  Preliminary  testing 
indicated  that  the  difference  in  thickness  between  the  second  and 
third  step  was  too  great  and  that  the  last  step  would  be  of  little 
use;  hence,  subsequent  strips  were  prepared  with  seven  1.27-mm. 
(0.5-inch)  steps  of  0.08,  0.18,  0.36,  0.58,  1.19,  1.78,  and  2.54  mi¬ 
crons  (3,  7,  14,  23,  47,  70,  and  100  X  10-6  inch).  This  is  the  type 
of  strip  used  in  the  present  investigation,  but  experience  indicates 
a  reduction  in  thickness  of  the  fifth  step  to  be  desirable;  further 
modification  to  thickness  of  0.08,  0.18,  0.36,  0.61,  0.94,  1.52,  and 
2.54  microns  is  suggested.  (Inquiries  regarding  supplies  of  the 
strips  should  be  addressed  to  Randall  and  Sons,  2512  Etna  St., 
Berkeley  4,  Calif.  The  last-named  arrangement  of  steps  is  desig¬ 
nated  as  Type  C.) 

Figure  1  shows  new  and  corroded  test  strips  of  the  wedge  and 
step  types,  with  an  exaggerated  constructional  view  of  each,  and 
also  a  corrosion  test  strip  attached  to  an  oil  dip  stick  for  use  in  the 
crankcase  of  an  engine. 

Although  most  of  the  work  has  been  done  with  test  strips  of 
lead  plated  on  copper,  the  method  of  preparation  and  testing  can 
be  applied  to  other  metal  combinations  as  well,  it  being  preferable 
to  deposit  the  more  easily  corroded  metal  upon  the  less  easily 
corroded. 

Figure  2  is  a  schematic  view  of  the  plating  circuit  used  in  mak¬ 
ing  the  step-type  strips.  Necessary  equipment  includes  a  hard- 
rubber  or  lead  bath  to  hold  the  plating  solution,  a  lead  anode,  a 
source  of  direct  current,  an  ammeter  of  suitable  range,  and  a 
means  for  adjusting  the  current  supplied  to  maintain  constant 
current  density  as  the  strip  or  sheet  being  plated  is  lowered  step¬ 
wise  into  the  plating  bath.  Details  of  the  plating  technique  em¬ 
ployed  are  beyond  the  scope  of  this  paper. 

Table  II  summarizes  the  data  for  plating  lead  on  both  sides  of  a 
single  copper  strip,  100  X  6.3  mm.  (4  X  0.25  inches). 

The  plating  solutions  used  was  made  up  in  the  following  pro¬ 
portions: 


Basic  lead  carbonate  120  grams 

Hydrofluoric  acid  (50%  concentration)  192  grams 

Boric  acid  84  grams 

Glue  0 . 15  gram 

Water  to  make  800  cc. 


The  first  and  thinnest  plating  of  0.08-micron  (3  X  10“*)  inch 
thickness  was  applied  with  8.9  cm.  (3.5  inches)  of  the  strip’s 
length  immersed  below  the  surface  of  the  plating  bath.  After 
this  plating  the  strip  was  removed  from  the  bath,  rinsed,  and 
dried.  Subsequent  steps  are  applied  by  lowering  the  strip  into 
the  bath  in  1.27-cm.  increments.  For  the  current  density  used 
(1.68  X  10-2  ampere  per  square  centimeter),  1.6  seconds  were  re¬ 
quired  for  each  0.025  micron  (0.000001  inch)  of  plating  thickness.  ■' 

It  can  be  seen  from  the  last  four  columns  of  the  table  that  the 
amount  of  lead  deposited,  as  determined  by  actually  weighing 
the  strip  after  each  operation,  agrees  well  with  the  values  calcu¬ 
lated  from  the  amount  of  current  passed.  The  method  can  easily 
be  applied  to  plating  sheets  of  metal  which  are  later  cut  to  the 
desired  width.  If  the  finished  strips  are  to  receive  much  han¬ 
dling,  it  may  be  advantageous  to  coat  them  with  paraffin,  which 
is  readily  removed  by  the  hot  test  oil. 

USE  IN  CONNECTION  WITH  ENGINE  TESTING 

An  advantage  of  the  present  test  method  is  that  it  can  be  used 
without  removing  the  oil  from  the  crankcase  of  the  engine.  Thus, 
in  engine  tests  in  which  it  is  not  desirable  to  remove  samples  for 
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esting,  the  development  of  corrosivity  in  the  crankcase  oil  can 
ie  followed  directly  by  inserting  into  the  crankcase  oil,  at  periodic 
itervals,  test  strips  which  have  been  attached  to  the  engine  dip 
tick.  This  method  of  testing  has  the  further  advantage  that  cor- 
osivity  is  measured  under  engine  environmental  conditions  and 
/ithout  an  intermediate  cooling  period.  However,  it  may  not 
lways  be  possible  or  convenient  to  test  oils  in  this  manner,  and 
i  such  cases  the  oil  is  tested  outside  the  engine  as  discussed  below. 


Table  II.  Plating  Directions  for  7-Step  Corrosion  Test  Strips,  Plated 

on  Both  Sides 

(Current  density,  1.68  X  10 -4  ampere  per  sq.  mm.  Rate  of  deposit,  15.86  X 
10  mm.  per  second.  Time  necessary  to  deposit  0.025  micron,  1.6  seconds) 

Weight  of  Lead_  Deposited 
Area  Thick-  Time  to  Calculated 


Plat¬ 

ing 

to  Be 
Plated 

Current 

Necessary 

ness  of  Give  This  This 
Plating  Thickness  plating 

2 

This 

plating 

2 

Sq.  mm. 

Ampere 

Micron 

Sec. 

Mg. 

Mg. 

Mg. 

Mg. 

i 

1280 

0.215 

0.08 

4.8 

1.1 

1.1 

1.1 

1.1 

2 

183 

0.0307 

0.76 

48 

1.6 

2.7 

1.4 

2.5 

3 

366 

0.0615 

0.58 

37 

2.4 

5.1 

2.3 

4.8 

4 

550 

0.0925 

0.61 

38 

3.8 

8.9 

4.0 

8.8 

5 

733 

0.123 

0.23 

15 

1.9 

10.8 

1.9 

10.7 

6 

916 

0.154 

0.18 

11 

1.85 

12.6 

1.7 

12.4 

7 

1097 

0.185 

0.10 

6.5 

1.27 

13.9 

1.4 

13.8 

Table  III. 

(As  measured  by  7-step  test  strips. 


Figure  3.  Corrosivity  of  Oils  in  Crankcase  of  Chevrolet 
Heavy-duty  test,  1  hour,  1  38°  C.  Steps  plotted  proportional  to  thickness 


In  Table  III  are  shown  the  results  obtained  with  the  test  strip 
hen  immersed  for  one  hour  in  the  crankcase  of  the  Chevrolet 
eavy-duty  test  ( 1 )  engine,  which  has  a  crankcase  oil  temperature 
f  138°  C.  (280°  F.).  Shown  also  are 

>me  used  oil  analyses  and  engine  in-  _ 

lection  data.  Analyses  of  the  engine 
minings  were  carried  out  as  follows: 
jutralization  number  and  saponifica- 
on  number  were  determined  by  poten- 
ometric  titration  ( 2 ,  3,  7);  lacquer 
iting  and  bearing  weight  loss  were 
itermined  by  the  regular  Chevrolet 
:st  procedure  (1).  Oils  A  and  B  con- 
lined  sulfur-type  inhibitors  of  mild 
;tivity;  oils  C  to  Q  contained  deter- 
:nts,  and  in  some  cases,  sulfur-type 
hibitors  as  well.  Although  only  the 
moval  of  each  complete  step  can  be 
ad  accurately,  an  estimate  was  made 
'  the  degree  of  removal  between  steps; 

;nce,  the  designations  +,  — ,  and  */2 
'ter  some  of  the  readings. 

Figure  3  illustrates  the  type  of  curves 
Rained  when  corrosivity  of  the  oil  is 
'llowed  during  a  run  in  the  Chevrolet 
lgine  by  immersing  the  test  strips  in 
ie  crankcase  oil  for  periods  of  one 
iur  several  times  during  the  tests, 
il  B-2  is  seen  to  become  corrosive  al- 
ost  at  once,  while  oil  B-3  becomes 
irrosive  much  more  gradually.  When 
l  inhibitor  is  added  to  oil  B-2,  a 
arked  decrease  is  shown  in  the  rate 
■  which  corrosivity  develops.  Oil  I, 
l  experimental  inhibited  detergent 
1,  did  not  remove  any  steps  even  after 
i  hours  of  use. 


set.  In  the  latter  case,  the  bearing  is  modified  by  the  protective 
action  of  any  surface  films  formed  before  the  oil  has  become 
corrosive,  and  thus  is  not  subject  to  corrosive  attack  of  the  oil  to 
the  same  degree  as  is  the  unprotected  test  strip. 

For  example,  in  the  Chevrolet  heavy-duty  test,  oil  B-2  is  cor¬ 
rosive  to  copper-lead  bearings.  The  plated  test  strip  also  indi¬ 
cated  the  used  oil  to  be  corrosive,  and  continuous  immersion  of 
the  strip  in  the  crankcase  of  the  engine  for  2  hours  from  the  start 
of  the  test  resulted  in  complete  removal  of  the  lead  plating.  Oil 
B-4,  on  the  other  hand,  is  not  corrosive  to  copper-lead  bearings  in 
the  above  engine  test,  but  the  plated  strip  indicated  the  oil  to  be 
very  corrosive.  Immersion  of  the  strip  for  a  period  of  one  hour  re¬ 
sulted  in  removal  of  lead  equivalent  to  6  to  7  steps  of  the  7-step 
strip  in  every  test  after  the  second  hour.  To  obtain  additional 
information,  oil  B-4  was  subjected  to  the  Chevrolet  test  for  2.25 
hours  and  then  changed  to  a  laboratory  corrosion  tester  using 
copper-lead  bearings.  This  test  showed  the  oil  to  be  very  corro- 


Corrosivity  of  Used  Oil  Samples 

All  tests  at  138°  C.  Oil  samples  from  Chevrolet  heavy-duty  test) 

_  Steps  Removed _ 

Inspection  Data 


Laboratory 


ELATION  BETWEEN  STRIP  TEST  RESULTS 
AND  USED  OIL  PROPERTIES 

Since  the  strip  corrosion  test  meas- 
■es  essentially  “existent  corrosivity” 
the  used  oil  for  bare  metal,  it  is  not 
rprising  that  the  data  in  Table  III 
ow  little  correlation  between  the  cor- 
sioD  obtained  by  the  strip  method 
id  the  loss  suffered  by  bearings  which 
ive  remained  in  the  oil  from  the  out- 


Hours 

Neutrali- 

Saponi- 

Bearing 

Stirring 

Stirring 

No 

SAE 

Use  in 

zation 

fication 

Lacquer  weight  loss, 

Engine, 

A, 

B, 

stirring, 

Oil 

Grade 

Chevrolet 

No. 

No. 

rating 

mg./sq.  cm. 

1  hour 

1  hour0 

1  hour® 

4  hours 

B-2 

30 

1 

2.0 

5 

2.5 

4.2 

7 

8 

6.5 

24.1 

7 

4 

16 

6.6 

24.8 

7 

5- 

24 

6.2 

22.2 

7 

7 

4- 

36 

5.8 

21.7 

105 

7- 

7 

4  + 

36 

5.3 

21.6 

102 

7- 

6- 

6- 

5 

36 

7.0 

26.7 

105.5 

67.7 

7- 

7- 

4 

B-3 

30 

1 

1- 

0 

0 

2.5 

■A 

0 

0 

4 

1- 

0 

0 

8 

l 

0 

1 

16 

1.4 

8.7 

2  + 

2- 

2 

24 

1.7 

9.5 

3- 

3- 

36 

2.5 

13.7 

105 

5.4 

4 

4 

4- 

3  + 

36 

3.4 

13.0 

110 

13.2 

4  + 

4 

4 

B-2 

30 

8 

0.8 

5.6 

1 

1- 

1- 

H“ 

16 

1.7 

7.4 

2 

1  + 

inhibi- 

24 

1.8 

9.9 

2 

V/t 

tor 

36 

3.5 

11.4 

105 

14.7 

3- 

2 

2- 

1 

A 

30 

36 

2.2 

7.5 

no 

9.1 

3Vs 

3‘A 

4- 

B 

30 

36 

2.3 

13.8 

108.5 

3.8 

2  V* 

3- 

3- 

C 

60 

36 

3.4 

19.0 

102 

29.0 

4 

4- 

4 

4 

D 

50 

36 

4.3 

14.8 

103.5 

11.8 

6 

E 

30 

36 

6.5 

20.8 

no 

13.4 

7* 

4 

5- 

F 

50 

36 

3.4 

15.2 

107 

19.8 

31/2 

4- 

4- 

G 

30 

36 

6.2 

21.9 

105 

16 

7* 

5 

4>/j 

H 

50 

36 

3.1 

10.0 

105.5 

3.8 

2  V2 

3 

3- 

I 

30 

36 

2.3 

8.8 

105 

3.3 

0 

0 

6 

2/2 

J 

30 

36 

3.9 

16.1 

99 

7.7 

5Vs 

5i/j 

5 

4 

K 

30 

36 

3.0 

8.5 

no 

15.8 

7* 

5- 

4i/, 

L 

30 

36 

5.4 

17.7 

110.5 

31.5 

5- 

5- 

5- 

M 

30 

36 

6.5 

20.0 

114 

10 

7* 

5 

5 

N 

30 

36 

4.3 

12.5 

102.5 

26.0 

4 

4 

4- 

O 

50 

36 

4.6 

15.7 

106 

11.4 

3 

3‘/2 

3  + 

3 

P 

50 

36 

6.1 

21.8 

99.5 

13.8 

7* 

4 

4 

Q 

30 

36 

5.9 

23.6 

87 

15.1 

4'/2 

4 

4 

Unused  oil  (no  additives)  ...  ..  ...  ..  ...  o  0  0 

Unused  oil  containing  de¬ 
tergent  and  inhibitor  ...  ..  ...  ..  ...  o  0  0 

a  Test  strips  were  themselves  rotated  to  provide  stirring. 

A.  600  r.p.m.;  strip  displaced  1.3  cm.  (0.5  inch)  from  axis  of  rotation. 

B.  1200  r.p.m.;  strip  twisted  through  90°  angle  and  rotated  about  longitudinal  axis.  This  method 

can  be  used  with  small  oil  samples. 

*  See  text. 
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sive,  thus  confirming  the  indication  given  by  the  lead-plated 
strips.  Hence,  the  failure  of  oil  B-4  to  corrode  in  the  Chevrolet 
test  must  be  due  to  protection  of  the  bearings.  No  tendency  was 
observed  for  protective  lacquer  to  deposit  on  the  plated  strips; 
even  when  the  strip  was  left  in  the  oil  from  the  beginning  of  a  2.25 
hour  test,  complete  removal  of  the  lead  plating  resulted. 


Figure  4.  Relation  between  Corrosion  of  Seven- 
Step  Test  Strips  in  Laboratory  (No  Stirring)  and 
in  Chevrolet  Engine 

Temperature,  138°  C. 


Table  IV.  Effect  of  Temperature  upon  Corrosivity  of  Oil  H 

(No  stirring  used) 


Temperature, 

Steps  Removed  in  Indicated  Number  of  Hours 

°  C.  1  hour 

2  hours 

3  hours 

4  hours 

5  hours 

6  hours  7 

hours 

160  2- 

2i  A 

3  + 

4- 

4- 

4  + 

4>A 

138  0  + 

iv« 

2 

3- 

3 

31 A 

4- 

130  i/j 

11/2 

2- 

2  + 

3- 

3- 

3 

120  0  + 

1- 

1  + 

2- 

2  + 

.2  + 

2 ‘A 

100 

1- 

1 

i‘A 

90 

1- 

i- 

1 

Correlation  of  corrosion  of  the  test  strip  with  corrosion  of  engine 
bearings  unprotected  by  surface  films  has  not  been  made  con¬ 
clusively,  owing  to  the  difficulty  of  determining  when  such  films 
are  definitely  absent.  Total  engine  lacquer  rating  is,  in  general, 
not  a  measure  of  the  protection  afforded  bearings  by  surface  films. 

Saponification  number  and  viscosity  increase  are  a  measure 
of  the  over-all  oxidation  of  the  oil  and  not  necessarily  of  its  cor¬ 
rosivity.  Neutralization  number,  on  the  other  hand,  although  an 
unsatisfactory  measure  of  corrosion  in  cases  where  protective 
films  are  formed  before  the  oil  becomes  corrosive,  could  reason¬ 
ably  be  expected  to  measure  existent  corrosivity  of  the  oil  if  all 
oils  form  acids  of  the  same  type  and  corrosivity.  Failure  to  meet 
these  conditions  probably  accounts  for  the  poor  correlation 
(Table  III)  between  corrosivity  measured  by  the  strip  test  and 
neutralization  number,  as  discussed  above.  In  addition,  Denison 
{5)  has  recently  presented  evidence  that  acids  are  corrosive  only 
in  the  presence  of  peroxides;  thus,  the  combined  effect  of  acid 
type  and  peroxide  content  should  be  similar  if  a  correlation  is  to 
be  obtained.  There  is  some  indication  that  for  a  given  oil  in  a 
given  engine,  the  neutralization  number  may  be  related  to  the  cor¬ 
rosivity  of  the  oil,  but  the  relationship  is  certainly  not  universal. 

Sulfur  compounds,  because  of  their  tendency  to  form  dark- 
colored  deposits  on  bearings,  might  interfere  with  examination 
of  the  test  strip.  It  was  found,  however,  that  in  the  Chevrolet 
engine  under  standard  test  conditions  {1 )  the  presence  of  sulfur 
inhibitors  led  to  no  difficulty  in  this  regard.  Under  another  set  of 
conditions  sulfur  compounds  did  lead  to  a  darkening  which  made 


accurate  evaluation  difficult,  although  in  this  case  the  corrosivity 
was  low  and  a  less  accurate  measure  was  therefore  acceptable. 

It  was  observed  that  when  a  corrosion  test  strip  was  left  in  the 
engine  crankcase  during  periods  when  the  engine  was  not  operat¬ 
ing,  corrosion  occurred  in  spots  above  the  oil  level,  presumably 
owing  to  condensed  water  vapor.  Thus,  the  strip  should  be  used 
only  during  periods  of  continuous  running. 

USE  OF  TEST  STRIPS  OUTSIDE  THE  ENGINE 

Although  the  test  strips  were  designed  primarily  to  follow  the 
corrosivity  developed  in  engine  oils  by  simple  immersion  di¬ 
rectly  into  the  crankcase  of  an  engine,  their  usefulness  has  been  ex¬ 
tended  by  employing  them  to  test  oils  which  have  been  removed 
from  the  crankcase.  For  example,  if  it  is  desired  to  follow  the 
development  of  corrosivity  in  an  oil  which  is  being  used  in  an 
engine  operated  under  changing  conditions,  samples  of  the  oil  can 
be  withdrawn  and  tested  under  some  standard  set  of  conditions. 
In  addition,  the  effect  upon  corrosion  of  such  variables  as  tem¬ 
perature  and  time  of  immersion  can  be  evaluated  more  readily  by 
use  of  the  strips  outside  the  engine. 


STEPS  REMOVED  IN  I  HOUR,  LAB.  WITH  STIRRING 


Figure  5.  Relation  between  Corrosion  of  Seven- 
Step  Test  Strips  in  One  Hour  in  Laboratory  (with 
Stirring)  and  in  Chevrolet  Engine 
Temperature,  1  38°  C. 


STEPS  REMOVED 

(  PLOTTED  PROPORTIONAL  TO  THICKNESS  ) 

Figaro  6.  Effect  of  Immersion  Time  upon  Corrosion  of  Seven- 
Step  Test  Strips 
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Unfortunately,  a  test  strip  which  is  suspended  in  a  beaker  or 
test  tube  of  corrosive  oil  without  stirring  of  the  oil  is  not  corroded 
to  the  same  extent  as  a  similar  strip  immersed  in  the  crankcase  of 
an  engine  for  the  same  period  of  time  and  at  the  same  tempera¬ 
ture.  A  correlation  could  be  obtained  for  the  less  corrosive  oils 
by  using  a  longer  immersion  time  in  the  beaker  (4  hours  com¬ 
pared  to  1  hour  in  the  engine),  but  this  failed  for  highly  corrosive 
oils  (Figure  4). 

I  Since  these  difficulties  of  correlation  may  be  caused  by  the  ac- 
oumulation  of  the  products  of  corrosion  on  the  strip  in  the 
oeaker  test,  as  a  result  of  the  lack  of  washing  action  over  the  strip 
surface,  tests  were  also  made  in  which  the  oil  sample  was  agitated 
oy  rotating  the  test  strip.  These  showed  much  better  correlation 
vith  engine  results  (Table  III  and  Figure  5) :  oils  which  removed 
six  and  seven  steps  in  one  hour  in  the  engine  removed  the  same 
lumber  of  steps  in  one  hour  in  the  betker.  Both  the  stirred  and 
instirred  tests,  however,  failed  in  some  cases  to  remove  the  first 
step  when  only  that  step  was  removed  in  the  engine.  Because  of 
he  extreme  thinness  of  the  first  step,  this  discrepancy  is  not  con¬ 
sidered  to  be  serious,  especially  since  removal  in  the  engine  may 
ie  due  to  corrosive  vapors  not  present  in  the  oil  samples  taken, 
some  oils  which  were  corrosive  in  the  engine  were  found  to  have 
ost  some  of  their  corrosiveness  upon  prolonged  standing  (owing 
.o  esterification,  polymerization,  or  other  changes).  Hence,  oils 
should  be  tested  within  a  short  time  after  removal  from  the  crank¬ 
case  if  the  most  reliable  measure  of  their  corrosiveness  is  desired. 
Results  which  have  apparently  been  affected  by  prolonged  Stand- 


Figure  7.  Effect  of  Temperature  upon  Corrosion 
of  Seven-Step  Test  Strips 
7  hours,  no  stirrins.  Steps  plotted  proportionally  to  thickness 


- NUMBER  OF  STEPS  REMOVED  IN  FOUR  HOURS 

12  3  4 


Figure  8.  Relation  between  Corrosion  and  Time  of  Immersion 
Seven-step  test  strips,  no  stirrins 


ing  are  omitted  from  Figures  4  and  5,  but  are  included  in  Table 
III  (indicated  by  asterisk). 

EFFECT  OF  TIME  AND  TEMPERATURE  UPON  CORROSION 

The  data  plotted  in  Figure  6  show  that  the  thickness  of  lead 
removed  from  a  test  strip  is  a  linear  function  of  the  time  the  strip 
remains  in  the  corrosive  medium.  The  two  lower  curves  were  ob¬ 
tained  under  conditions  employing  stirring,  while  the  three  upper 
curves  were  obtained  under  static  conditions.  Figure  7  shows  the 
effect  of  temperature  upon  corrosion.  For  the  oil  tested,  corrosiv¬ 
ity  increases  more  than  linearly  with  temperature.  The  corrosiv¬ 
ity  of  this  oil  over  a  range  of  temperature  and  immersion  times  is 
shown  in  Table  IV. 


NUMBER  OF  STEPS  REMOVED  AT  I38°C, 


NUMBER  OF  STEPS  REMOVED 

Figure  9.  Relation  between  Corrosion  and  Oil  Temperature 
for  Seven-Step  Test  Strips 

Since  it  may  not  always  be  convenient  to  make  tests  with  the 
strips  for  the  same  time  of  immersion  or  at  the  same  temperature, 
especially  in  cases  where  testing  is  done  in  the  engine,  the  approxi¬ 
mate  relationships  between  time,  temperature,  and  corrosiveness 
must  be  determined  over  a  wide  range  to  permit  conversion  of  the 
results  obtained  under  a  given  set  of  conditions  to  those  that 
would  be  obtained  under  chosen  standard  conditions.  The  above- 
mentioned  linearity  of  the  corrosion  vs.  time  relationship  is  ex¬ 
pressed  graphically  in  Figure  8  for  a  wide  range  of  corrosivity. 
The  validity  of  this  observation  is  verified  in  Figure  10:  246  val¬ 
ues  for  various  oils,  determined  at  four  temperatures  for  immer¬ 
sion  times  of  1,  2,  3,  5,  6,  and  7  hours,  during  which  no  stirring 
was  employed,  were  corrected  by  means  of  Figure  8  to  an  immer¬ 
sion  time  of  4  hours,  and  as  may  be  seen,  less  than  3%  of  the  cal¬ 
culated  values  show  a  deviation  greater  than  one-half  step  from 
the  corresponding  experimentally  determined  values. 

The  effect  of  temperature  on  corrosiveness  is  not  quite  so 
simple.  Figure  9  is  a  smoothed  plot  of  data  obtained  in  the  un¬ 
stirred  laboratory  test.  Values  obtained  at  120°,  130°,  and  150°  C. 
were  corrected  to  138°  C.  by  means  of  this  relation.  Although  the 
figure  is  drawn  from  a  limited  number  of  data,  only  9%  of  the  124 
calculated  values  show  a  deviation  more  than  one-half  unit  from 
the  corresponding  experimentally  determined  values  at  138°  C. 
(Figure  10).  Thus,  by  means  of  Figures  8  and  9,  it  was  possible 
to  convert  a  corrosion  value  determined  at  any  time  and  temper¬ 
ature  to  another  time  and  temperature  (within  the  range  cov¬ 
ered)  with  acceptable  accuracy.  The  steps  in  each  figure  are 
plotted  in  proportion  to  their  thicknesses. 

PRACTICAL  APPLICATION  OF  TEST 

Widest  practical  application  of  the  test  will  follow  only  after 
sufficient  data  have  been  accumulated  to  permit  interpretation  of 
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Figure  10.  Error  Distribution  Curves  for  Corrosion  Values 
Corrected  by  use  of  Figures  5  and  6  (calculated — experimental) 


results  obtained  under  service  conditions.  Even  in  its  present 
state  of  development,  however,  the  test  provides  a  simple  method 
for  following  the  development  of  corrosiveness  in  engine  oils  dur¬ 
ing  use,  a  property  not  now  satisfactorily  measured  by  the  usual 
engine  inspection  data.  In  addition,  it  has  a  possible  application 
as  an  aid  in  determining  appropriate  drain  periods  for  oils  in  serv¬ 
ice. 

The  test  strip  can  also  be  used  to  determine  the  corrosivity  of 
oils  regardless  of  their  previous  history  and  hence  may  have  prac¬ 
tical  application  in  determining  the  cause  of  bearing  failures. 
The  allowable  limit  of  corrosion  with  bearings  unprotected  by 
surface  films  can  be  determined  only  by  a  large  number  of  engine 
tests  on  oils  known  not  to  form  protective  films  in  use.  The  best 
estimate  that  can  now  be  made  is  that  two  steps  removed  in  one 
hour  at  138°  C.  either  in  the  engine  or  in  a  beaker  test  with  stir¬ 
ring  are  a  measure  of  incipient  corrosion,  three  steps  represent 
borderline  corrosion,  and  four  or  more,  definite  corrosion  of  un¬ 
protected  bearings.  Hence,  if  bearing  failure  is  experienced  from 


.  an  unknown  cause,  a  sample  of  the  oil  can  be  removed  from  the 
crankcase  and  tested  under  any  of  the  conditions  applicable  to 
the  strip  test,  the  resulting  value  being  converted  to  number  of 
steps  removed  in  one  hour  with  stirring  or  in  4  hours  without 
stirring  at  a  temperature  of  138°  C.  If  this  number  is  2  or  below, 
one  can  be  reasonably  sure  that  corrosion  by  the  oil  then  in  the 
crankcase  was  not  the  cause  of  failure. 
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Analysis  of  Al  uminous  Ore  by  Means  of  Spark  Spectra 

J.  RAYNOR  CHURCHILL  AND  RAYMOND  G.  RUSSELL,  Aluminum  Research  Laboratories,  New  Kensington,  Pa. 


A  rapid  economical  spectrographic  method  for  the  analysis  of 
aluminous  ore  has  been  developed  which  meets  the  requirements 
of  a  routine  method  for  grade  sorting  and  preliminary  testing  of  ores. 
Similar  techniques  have  (Seen  found  useful  on  a  wide  variety  of 
metallic  and  nonmetallic  powders. 

IN  THE  course  of  studies  on  the  use  of  minerals  other  than 
bauxite  for  the  production  of  metallic  aluminum,  many  ana¬ 
lytical  problems  arise,  particularly  in  connection  with  survey  or 
prospecting  samples.  The  minerals  to  be  evaluated  are  siliceous 
in  nature  and  their  analysis  by  conventional  chemical  methods 
is  expensive  and  time-consuming,  and  requires  a  greater  amount 
of  training,  experience,  and  manipulative  skill  than  is  generally 
available  under  existing  wartime  conditions.  Moreover,  the 
high  precision  of  the  standard  chemical  procedures  is  not  re¬ 
quired  in  the  preliminary  analyses  and  grade  sorting  tests  which 
constitute  a  large  part  of  the  analytical  problem  in  the  aluminous 
ore  field.  A  rapid  economical  spectrographic  method  has  been 
developed  which  meets  the  requirements  of  a  routine  method 
for  grade  sorting  and  preliminary  testing  of  ores. 

PROCEDURE 

A  representative  sample  of  the  material  to  be  analyzed  is  pre¬ 
pared  by  conventional  methods  as  for  chemical  analysis.  The 
material  is  ground  to  pass  100-mesh,  the  loss  on  ignition  at 
1100°  C.  determined,  and  this  ignited  residue  used  in  all  the 


spectrographic  work.  Before  proceeding  with  the  quantitative 
analysis,  the  sample  is  analyzed  qualitatively  or  semiquantita- 
tively  by  a  simple  direct  current  arc  test. 

This  enables  the  analyst  to  select  appropriate  standard  samples 
for  use  in  the  subsequent  quantitative  analysis  and  makes  pos¬ 
sible  the  rough  estimation  of  total  quantities  of  all  elements  which 
are  present  but  not  to  be  determined  quantitatively.  The  ap¬ 
proximate  total  of  these  elements,  as  well  as  the  loss  on  ignition, 
is  required  in  the  calculation  procedure  for  the  elements  to  be 
determined  quantitatively.  The  estimates  need  not  be  highly 
accurate,  since  the  errors  in  estimation  enter  into  the  final  analy¬ 
sis  as  second-order  effects.  The  analyst  relies  on  his  experience 
with  similar  previous  samples  and  on  comparison  with  spectro¬ 
grams  of  samples  which  have  been  analyzed  chemically.  In  the 
application  for  •which  this  method  was  devised,  silicon,  alumi¬ 
num,  iron,  and  titanium  are  the  only  elements  to  be  determined 
quantitatively,  and  the  total  of  the  other  elements  (not  including 
loss  on  ignition)  is  generally  below  5%.  The  procedure  requires 
no  modification,  other  than  in  the  selection  of  standards  and  the 
choice  of  wave  lengths,  when  additional  elements,  such  as  cal¬ 
cium  or  magnesium,  are  added  to  the  list  of  elements  to  be  re¬ 
ported  quantitatively. 

A  flux  mixture,  consisting  of  5  parts  of  sodium  fluoride  and 
12  parts  of  de-ashed  natural  graphite,  is  prepared  in  a  ball  mill. 
This  mixture  is  prepared  in  rather  large  quantities  and  stored  in 
glass  bottles.  De-ashed  natural  graphite  is  used  instead  of  ar- 
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Figure  1.  Pellet  Holder  and  Scoop 


Table  I.  Wave  Lengths  Used  in  Analysis  of  Typical  Clay  Samples 


Element 


Wave  Length 


Index® 


A1  2652.5 

Si  2435.2  1.45 
Ti  3242.0  0.08 
Fe  2598.4  0.18 


0  Ratio  of  concentration  of  oxide  of  metal  determined  to  concentration  of 
AI2O3  when  intensity  ratio  is  unity. 


The  foregoing  conditions  are  varied  slightly  for  certain  types 
of  materials  and  to  compensate  for  the  rather  great  variability 
between  different  emulsion  batches.  Moreover,  the  specific 
electrical  conditions,  exposure  time,  and  external  optics  given 
apply  only  to  the  particular 'apparatus  specified.  Other  makes 
of  spectrographs  or  excitation  units  can  be  used  satisfactorily 
with  minor  modifications  in  excitation  conditions  and  techniques. 

Selected  lines  of  the  elements  to  be  determined  quantitatively 
are  measured  on  the  microphotometer  and  the  final  compositions 
calculated  as  described  in  the  next  section.  The  selection  of  wave 
lengths  is  governed  by  the  composition  range  of  the  samples 
analyzed.  Table  I  gives  the  wave  lengths  employed  in  the 
analysis  of  typical  clay  samples. 


tificial  graphite  in  order  to  obtain  satisfactory  briquetting  prop¬ 
erties.  De-ashed  natural  graphite,  comparable  in  purity  to  the 
best  spectroscopic  graphite  rods,  has  been  made  available  for  this 
specific  purpose  by  National  Carbon  Company.  Seventeen  parts 
of  the  flux  mixture  are  thoroughly  mixed  with  one  part  of  the 
sample  in  a  mortar. 

A  portion  of  the  sample-flux  mixture,  measured  with  the  small 
scoop  shown  in  Figure  1,  is  briquetted  in  an  A.R.L.-Dietert 
briquetting  machine,  yielding  a  pellet  1.25  cm.  (0.5  inch)  in  di¬ 
ameter  and  about  0.3  cm.  (0. 125  inch)  thick.  A  total  load  of  about 
500  kg.  (1100  pounds)  is  applied  to  the  pellet.  This  relatively 
low  briquetting  pressure  yields  a  pellet  of  sufficient  strength  to 
prevent  damage  in  handling,  but  sufficiently  soft  to  permit  an 
appreciable  penetration  by  the  spark.  Experimental  data  on 
pellets  prepared  at  various  pressures  showed  that  more  repro¬ 
ducible  results  were  obtained  with  pellets  from  which  appreciable 
amounts  of  material  were  removed  by  the  action  of  the  spark. 
Very  hard  pellets  are  attacked  very  little  by  the  spark  and  yield 
rather  poor  results.  It  is  thought  that  this  is  purely  a  matter  of 
sampling. 

The  pellet  is  mounted  in  the  pellet  holder  shown  in  Figure  1 
and  sparked  on  the  Petrey  spark  stand  (1).  The  pellet  holder  is 
simply  a  split  aluminum  block  with  an  orifice  to  hold  the  pellet 
and  with  a  hinge  and  spring  assembly  so  designed  that  the 
bottom  surface  of  the  pellet  is  firmly  held  in  the  same  plane  as 
the  bottom  of  the  block.  The  pellet  holder  is  also  fitted  with  a 
pivot  pin  and 'the  Petrey  stand  with  a  stop  pin  to  facilitate  the 
positioning  of  the  pellet  with  respect  to  the  spark  gap.  The 
pellet  holder  is  loaded  by  simply  rotating  the  holder  until  the 
orifice  lies  above  the  flat  surface  of  the  Petrey  stand,  opening  the 
orifice  by  squeezing  the  push  buttons  on  the  sides  of  the  holder, 
dropping  the  pellet  into  the  orifice,  releasing  the  pressure  on  the 
buttons,  and  rotating  the  holder  until  it  strikes  the  stop  pin. 
The  Petrey  stand  is  equipped  with  the  usual  electrode  clip  and 
gap  gage,  as  used  in  the  analysis  of  metallic  aluminum. 

Each  pellet  is  sparked  once  on  each  side  to  provide  duplicate 
data,  the  average  of  the  results  obtained  on  the  two  sides  being 
taken  as  the  final  analysis.  Following  are  the  conditions  under 
which  the  spectra  are  obtained: 


Upper  electrode 
Lower  electrode 

Spark  gap 
Spark  unit 
Make 

Power  setting 
Self-inductance 
Spectrograph 
Distance,  spark  to  slit 
Slit  width 
Wave-length  range 
Prespark 
Exposure 

Photographic  plate 
Development 


Sample  pellet 

0.25-inch  graphite  rod  tapered  to  a  0.06- 
inch-diameter  hemispherical  tip 
3  mm. 

A.R.L.-Dietert 

2  kw.  (nominal) 

1.44  mh.  (nominal) 

Gaertner  L-254 

20  cm. 

30  microns 
2400-3300  A.° 

3  seconds 
15  seconds 

Eastman  Spectrum  Analysis  No.  1 
3  min.,  18.5°  C.,  Eastman  Formula  D-19 


0  All  lines  used  fall  within  this  range.  The  actual  range  photographed 
on  the  spectrograph  used  is  much  greater. 


CALCULATION  OF  RESULTS 


The  conventional  methods  of  spectrographic  calculation  were 
not  feasible  because  of  the  absence  of  any  element  present  in  the 
same  amount  in  all  samples  and  standards.  The  addition  of  an 
element  suitable  for  use  as  an  internal  standard  would  be  incon¬ 
venient  and  time-consuming,  and  would  introduce  an  additional 
source  of  error.  Accordingly,  a  method,  referred  to  below  as  the 
mutual  standard  method,  was  employed.  This  is  similar  to  one 
used  by  Coulliette  (2)  in  the  analysis  of  stainless  steel. 


The  mutual  standard  method  is  based  on  the  assumption  that 
the  intensity  ratio,  Ia/h,  is  a  function  only  of  the  concentration 
ratio,  Ca/Cb,  subscripts  a  and  b  being  used  to  denote  any  two 
of  the  elements  to  be  determined.  The  mutual  standard  method 
and  the  internal  standard  method,  therefore,  are  not  only  based 
on  similar  assumptions,  but  are  subject  to  the  same  types  of  er¬ 
rors.  In  both  cases  the  error  introduced  by  the  fallacies  in  as¬ 
sumptions  are  minimized  by  the  use  of  standards  of  compositions 
similar  to  the  samples  and  by  attempting  to  reproduce  all  con¬ 
ditions  of  exposure  and  photography. 


In  a  typical  clay  analysis,  the  intensity  ratios,  are 

4  A1  I A1  4  A1 

determined  by  referring  the  densitometer  readings  to  an  appro¬ 
priate  emulsion  calibration  curve.  jThe  numerical  values  of 
%  Si02  %  Fe203  j  %  Ti02  ^  L  j  u  ,  . 
%AW  and  %Ab03  are  then  deterauned by 

the  intensity  ratios  to  a  working  curve  prepared  from  data  on 
standard  samples.  Typical  working  curves  for  silica,  alumina, 
and  titanium  dioxide  are  shown  in  Figure  2.  From  these  concen¬ 
tration  ratios,  the  individual  percentages  of  the  various  constitu¬ 
ents  may  be  found  through  the  following  relationship: 


%  A1203  +  %  Si02  +  %  Fe203  +  %  Ti02  + 

%  loss  on  ignition  +  %  C  =  100 

where  %  C  is  the  total  percentage  of  all  elements  or  compounds 
other  than  those  determined.  The  following  equation  is  derived 
from  the  above  by  simple  algebraic  manipulation: 


100  —  %  loss  on  ignition  —  %  C 
%Si02  %Fe203  %  Ti02 

"b  %A1203  ^  %  A1203  ^  %A1203 


Per  cent  alumina  is  calculated  by  simply  substituting  the  de¬ 
termined  values  for  loss  on  ignition  and  for  the  ratios  appearing 
in  the  denominator  and  substituting  for  %  C  the  total  percentage 
of  other  elements  as  estimated  from  the  preliminary  arc  test. 
The  calculation  of  %  Si02,  %  Fe203,  and  %  Ti02  requires  only  the 
multiplication  of  the  concentration  ratios  read  from  the  working 
curves  by  %  A1203. 


EFFECT  OF  FLUX 


During  the  earlier  stages  of  the  investigation,  it  was  found  that 
when  simple  mixtures  of  ore  and  graphite  were  tested  without  the 
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Figure  2.  Typical  Working  Curves  for  Analysis  of  Clay  Samples 


Table  III.  Effect  of  Sodium  Fluoride  Flux  on  Analysis  of  a  Clay 
Sample  Using  Synthetic  Standards 


Chemical 

Analysis 

Spectrographic 

Analysis 

Difference 

% 

% 

% 

With  NaF 

Si02 

44.7 

57.8 

13.1 

AhOs 

38.2 

25.1 

13.1 

Without  NaF 

Si02 

44.7 

70.8 

26.1 

AhOs 

38.3 

12.1 

26.1 

ents  seemed  to  be  the  chief  variable  of  the  system,  the  primary 
attention  of  the  investigators  was  on  materials  which  might  at¬ 
tack  silicon  compounds.  After  some  preliminary  work  it  was 
decided  that  fluoride  salts  presented  the  greatest  possibilities,  and 
a  large  number  of  tests  were  made  using  fluorides  of  alkali  and 
alkaline  earth  metals,  as  well  as  zinc  fluoride.  The  best  results 
were  obtained  with  sodium  fluoride.  Further  tests,  comparing 
samples  of  dissimilar  mineralogical  type  but  similar  composition, 
showed  that  an  addition  of  5  parts  of  sodium  fluoride  to  1  part  of 
sample  gave  the  best  results. 

The  addition  of  sodium  fluoride  reduces  the  effects  of  the 
states  of  chemical  combination  of  the  elements  in  the  samples, 
but  by  no  means  eliminates  them.  The  most  extreme  case  in¬ 
vestigated  was  the  comparison  of  a  natural  kaolin  sample  with  a 
mechanical  mixture  of  calcined  silica  and  alumina.  Table  III 
shows  the  results  which  were  obtained  when  mechanical  mixtures 
of  alumina  and  silica  were  used  as  standards  for  the  analysis  of  a 
clay  sample.  The  error  introduced  in  this  intentionally  extreme 
case  of  dissimilarity  between  standards  and  samples  was  reduced 
by  almost  50%  when  sodium  fluoride  was  added.  In  actual 
practice,  of  course,  no  such  extreme  is  likely  to  be  encountered, 
since  an  effort  is  made  to  employ  standards  of  very  similar  min¬ 
eralogical  type  as  the  samples. 


Table  II.  Influence  of  Mineralogical  Type  When  No  Flux  Is  Used 

Samples  and  Standards  Similar 
(Both  Claylike) 


12  3  4 


Chem. 

Spec. 

Chem. 

Spec. 

Chem. 

Spec. 

Chem. 

Spec. 

AI2O3 

48.1 

50.1 

34.3 

38.1 

56.4 

58.1 

54.6 

54.7 

SiOj 

24.1 

23.6 

38.8 

38.1 

5.8 

5.6 

15.2 

15.6 

FesOs 

2.6 

1.5 

5.2 

3.1 

4.4 

4.2 

1.3 

1.0 

AljOa 
SiOj 
F  ejOa 


Samples  and  Standards  Dissimilar 
(Samples  Talclike,  Standards  Claylike) 


5 


6 


Chem.  Spec. 
38.7  30.7 

44.0  52.3 

7.8  1.4 


Chem.  Spec. 
25.8  15.1 

*50.8  76.3 

0.4  <1.0 


EFFECTS  OF  DIFFERENCES  IN  COMPOSITION  BETWEEN  STANDARDS 
AND  SAMPLES 

It  was  found  necessary  to  employ  standards  and  samples  hav¬ 
ing  compositions  similar  not  only  with  respect  to  the  elements 
determined  but  also  with  respect  to  elements  other  than  those 
directly  involved  in  the  analysis.  Among  samples  and  standards 
conforming  approximately  to  the  same  general  mineralogical 
type,  the  errors  introduced  by  extraneous  elements  are  usually 
not  serious.  Typical  of  the  effects  to  be  expected  are  those  shown 
in  Tables  IV  and  V,  obtained  in  experiments  designed  to  study 
the  effects  of  variations  in  calcium  and  magnesium  contents  on 


use  of  a  flux,  the  intensity  ratios  were  affected  not  only  by  the 
concentration  ratios  of  the  elements  but  by  the  mineralogical 
type  of  the  sample.  This  is  illustrated  by  Table  II,  which  gives 
the  results  on  six  samples  analyzed  on  the  same  plates  with  a 
group  of  standard  clay  samples.  Samples  1  to  4,  inclusive,  were 
claylike  samples,  while  5  and  6  were  talclike  or  of  a  pyrophillite 
nature. 

An  attempt  was  made  to  develop  a  method  which  would  be 
largely  independent  of  variables  in  the  sample  other  than  chemi¬ 
cal  composition.  Preliminary  chemical  fusion  or  acid  treatment 
could  not  be  considered  because  the  additional  time  and  manipu¬ 
lations  involved  would  largely  defeat  the  purpose  of  the  investi¬ 
gation.  The  best  approach  seemed  to  be  to  add  some  material 
which  would  react  with  the  sample  on  sparking  and  form  a  ma¬ 
trix  which  would  be  independent  of  the  original  states  of  com¬ 
bination  of  the  elements  and  of  the  mineralogical  structure. 
Since  most  of  the  samples  involved  were  somewhat  siliceous  mate¬ 
rials  and  since  the  combination  of  silicon  with  the  other  constitu- 


Table  IV.  Effect  of  Addition  of  CaO  on  intensity  Ratios  Fe/AI 

and  Si/Al 


CaO  Added, 

Intensity  Ratios 

% 

Fe/AI 

Si/Al 

None 

0.72 

0.58 

0.6 

0.76 

0.60 

1.0 

0.75 

0.62 

3.0 

0.73 

0.64 

10.0 

0.75 

0.68 

Table  V.  Effect  of  Addition  of  MgO  on  Intensity  Ratios  Fe/AI 


MgO  Added, 

and  Si/Al 

Intensity  Ratios 

% 

Fe/AI 

Si/Al 

None 

0.67 

0.58 

0.6 

0.60 

0.62 

1.0 

0.64 

0.63 

3.0 

0.63 

0.65 

10.0 

0.66 

0.68 

15.0 

0.66 

0.69 
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Table  VI.  Statistical  Comparison  of  Spectrographic  and  Chemical 
Determinations  of  Si02  and  AI2Os  in  Miscellaneous  Clay  and  Rock 

Samples 


,  Number  of  analyses  compared,  n 
Average  chemical  analysis,  % 

Average  spectrographic  analysis,  % 

Average  bias  _ 

1.  Over-all,  d 

2.  Attributable  to  determination  of  % 
Si02/%  AI2O2,  dr 

3.  Attributable  to  determination  of  other 
elements,  dc 

I  Standard  deviations  of  spectrographic  results 

1.  Over-all,  s 

2.  Attributable  to  determination  of  % 
Si02/%  A12Oi,  sr 

3.  Attributable  to  determination  of  other 
elements,  sc 


Other  Con- 


Si02 

A1203 

stituents 

107 

37.30 

36.54 

107 

34.33 

34.10 

107 

28.37 

29.36 

-0.76 

-0.23 

+  0.99 

-0.28 

+  0.28 

-0.48 

-0.51 

2.86 

2.65 

2.68 

2.29 

2.29 

1.41 

1.29 

Definitions 

d  =  deviation  of  spectrographic  result  from  chemical  result. 
d  =  mean  value  of  d  for  all  samples  analyzed, 
r  =  %  Si02/%  Al203  as  determined  spectrographically. 
dt  =  difference  between  total  of  constituents  other  than  Al2Os  and  Si02  as 
estimated  spectrographically  and  as  determined  chemically  by 
difference. 


y  —  rd  0 


V- 

For  AljOi,  dc  = - - - -  For  Si02,  dc  = 


Ei 


—  do 


4-  r 


For  both  AhOs  and  Si02,  dr 


d  -  dc 
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I  the  determination  of  silica,  alumina,  and  ferric  oxide  in  a  typical 
clay  sample.  It  will  be  observed  that  there  is  a  slight  correla¬ 
tion  between  both  per  cent  calcium  oxide  and  per  cent  magnesium 
oxide  and  the  intensity  ratio  Si/Al.  No  effect  on  the  intensity 
ratio  Fe/Al  is  apparent.  While  the  effects  of  calcium  oxide  and 
magnesium  oxide  are  sufficiently  large  to  have  a  significant  in¬ 
fluence  on  analytical  results  if  the  amounts  of  calcium  oxide 
and  magnesium  oxide  were  unknown,  the  semiquantitative  pre- 
f  liminary  analysis  establishes  the  calcium  oxide  and  magnesium 
oxide  contents  with  sufficient  accuracy  to  determine  whether  a 
correction  is  required.  In  general,  the  effects  of  extraneous  ele¬ 
ments  are  well  taken  care  of  by  the  proper  selection  of  standard 
samples  and  by  the  preliminary  semiquantitative  test. 


ACCURACY  OF  RESULTS 


During  the  early  stages  of  the  application  of  this  method  to 
routine  service  work,  occasional  samples  which  had  been  run  spec¬ 
trographically  were  analyzed  chemically  by  routine  procedures 
for  purposes  of  verification.  During  a  16-month  period,  107 
samples  were  selected  for  verification  of  the  silica  and  alumina 
results.  A  summary  of  these  results,  together  with  a  statistical 
analysis  of  the  discrepancies,  is  given  in  Table  VI.  From  these 
data,  the  following  conclusions  may  be  drawn: 

I  The  bias  figures  indicate  that  the  spectrographic  results  tend 
to  be  lower  than  chemical  results,  both  on  alumina  and  silica. 
Somewhat  less  than  two  thirds  of  this  bias  is  caused  by  over¬ 
estimation  of  elements  estimated  qualitatively.  The  remainder  of 
the  bias  is  caused  by  physical  or  chemical  differences  between 

(standards  and  samples,  or  errors  in  the  chemical  analysis  of  the 
standards. 

The  over-all  standard  deviations  provide  a  measure  of  the  ex¬ 
pected  random  differences  between  spectrographic  and  chemical 

[results  from  all  causes.  The  standard  deviations  caused  by 
errors  in  estimating  other  elements,  and  the  standard  deviation 
caused  by  errors  in  the  ratio  %  Si02/%  A1203  similarly  measure 
the  random  errors  attributable  to  these  respective  causes. 
Examination  of  the  method  of  calculation  will  show  that  all  dis¬ 
crepancies  between  spectrographic  and  chemical  results  are 
caused  either  by  errors  in  the  spectrographic  determination  of 


%  Si02/%  AI2O3,  or  by  errors  in  estimating  constituents  (includ¬ 
ing  loss  on  ignition)  other  than  silica  and  alumina.  All  these 
standard  deviations  may  be  interpreted  in  the  usual  way.  In  a 
normally  distributed  system,  67%  of  the  observed  values  should 
fall  within  one  standard  deviation  of  the  mean,  and  95%  within 
two  standard  deviations  of  the  mean.  For  example,  then,  the 
odds  are  2  to  1  that  a  spectrographic  silicon  result,  after  correc¬ 
tion  for  the  average  bias,  will  fall  within  ±2.65%  of  the  chemical 
result  and  19  to  1  that  it  will  fall  within  ±5.30%  of  the  chemical 
result.  While  about  two  thirds  of  the  bias  is  caused  by  sys¬ 
tematic  errors  in  estimating  other  elements,  the  random  differ¬ 
ences  attributable  to  the  ratio  %  Si02/%  A1203  are  much  larger 
than  the  random  errors  attributable  to  discrepancies  in  other 
elements. 

During  the  same  period  a  number  of  samples  were  checked 
chemically  for  iron  content.  Table  VII  summarizes  the  results 
obtained. 

In  all  the  analytical  comparisons,  it  must  be  borne  in  mind 
that  no  measure  of  errors  in  chemical  analysis  is  included.  While 
standard  deviations  are  ordinarily  used  as  measures  of  error,  in 
this  particular  case  they  actually  measure  only  the  discrepancy 
between  spectrographic  and  chemical  results.  While  no  statisti¬ 
cal  data  or  other  means  of  measuring  the  error  of  the  chemical 
results  were  available  in  this  investigation,  it  is  safe  to  say  that 
they  contribute  significantly  to  the  discrepancies  observed.  The 
statistics  presented,  therefore,  yield  a  conservative  picture  when 
applied  as  representing  the  accuracy  of  the  spectrographic  results. 
This  applies  both  to  the  bias  and  to  the  random  discrepancies. 

The  statistics  are  dealt  with  in  terms  of  absolute  differences  in 
concentrations,  rather  than  percentages  of  concentrations,  since 
the  absolute  differences  observed  between  spectrographic  and 
chemical  results  tended  to  be  largely  independent  of  the  amount 
present,  except  at  extreme  compositions.  In  most  other  spectro¬ 
graphic  procedures,  the  differences  between  spectrographic  and 
chemical  results  tend  to  be  proportional  to  the  concentration 
of  the  element  determined.  This  is  not  true  in  the  present  case, 
partly  because  of  the  method  of  calculation  and  partly  because 
of  experimental  factors  tending  to  exaggerate  relative  errors  at 
low  concentrations. 


Table  VII.  Statistical  Comparison  of  Spectrographic  and  Chemical 
Determinations  of  Iron  in  Miscellaneous  Clays  and  Rocks 


Number  of  analyses  compared,  n  52 

Average  Fe2C>3,  chemical,  %  16.56 

Average  Fe2Os,  spectrographic,  %  16.93 

Average  bias,  d  +0.37 

Standard  deviation  of  spectrographic  results,  s  2.40 


SUMMARY 

A  spectrographic  method  has  been  developed  to  meet  the  needs 
of  laboratories  handling  a  large  volume  of  ore  materials  and  re¬ 
quiring  a  rapid  method  for  obtaining  analyses  of  sufficient  ac¬ 
curacy  for  grade  sorting  and  geological  survey  work.  That  the 
method  meets  the  requirements  of  such  a  laboratory  has  been 
demonstrated  in  large-scale  practical  application  in  the  labora¬ 
tories  of  Aluminum  Company  of  America  and  by  comparative 
spectrographic  and  chemical  analyses  over  a  period  of  several 
months.  While  the  present  paper  describes  only  the  analysis  of 
aluminous  ore  materials,  similar  techniques  have  been  found  use¬ 
ful  on  a  wide  variety  of  metallic  and  nonmetallic  powders. 
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Determination  of  Manganese  in  Caustic  Soda 
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The  manganese  content  of  caustic  soda  may  be  determined  colori- 
metrically  as  the  permanganate  by  oxidation  with  periodate  after 
addition  of  sufficient  phosphoric  acid  to  give  a  pH  of  2.  Chlorides 
and  silica  in  the  concentrations  normally  found  in  commercial  caustic 
soda  do  not  interfere  in  this  method.  The  limit  of  uncertainty  of 

A  NUMBER  of  years  ago  a  need  arose  in  this  corporation  for 
a  precise  method  for  determining  manganese  in  caustic 
soda.  The  concentration  of  manganese  in  caustic  soda  is  ex¬ 
tremely  low,  usually  less  than  one  part  per  million.  A  large 
sample  and  a  sensitive  method  are  required  for  the  precise  estima¬ 
tion  of  manganese  at  these  low  levels.  The  periodate  method 
of  Willard  and  Greathouse  ( 5 )  appeared  likely  to  be  the  most 
useful  in  this  application. 

In  preliminary  work  the  oxidation  was  carried  out  in  a  sul¬ 
furic  acid  solution.  This  acid  had  numerous  disadvantages  in 
this  application.  Because  the  relatively  high  concentrations  of 
sodium  chloride  present  in  commercial  caustic  soda  used  up  a 
large  amount  of  periodate,  it  was  necessary  to  remove  chlorides 
by  evaporation  prior  to  the  oxidation.  Turbidity  due  to  the 
precipitation  of  silica  invariably  developed  during  this  evapora¬ 
tion  and  had  to  be  removed  by  filtration.  Thus,  the  procedure 
was  time-consuming  and,  in  addition,  the  results  were  not  always 
reliable. 

Willard  and  Greathouse  found  that  the  permanganate  color 
could  be  developed  in  solutions  containing  sulfuric,  nitric,  or 
phosphoric  acid.  Clark  ( 1 )  reported  that  phosphoric  acid  is 
more  satisfactory  than  other  acids  for  the  development  of  the 
color.  This  suggested  the  possibility  of  oxidizing  the  manganese 
after  adding  an  excess  of  phosphoric  acid.  Experimentation 
showed  that  the  permanganate  color  developed  readily  if  the 
caustic  soda  were  acidified  with  sufficient  phosphoric  acid  to 
reduce  the  pH  to  2  and  that  a  considerable  variation  in  the 
amount  of  phosphoric  acid  was  permissible.  Turbidity  forma¬ 
tion  is  entirely  eliminated  by  this  procedure  and  the  permanga¬ 
nate  color  develops  and  is  stable  in  the  presence  of  the  chloride  ion. 

While  this  simple  direct  procedure  proved  useful,  subsequent 
work  indicated  that  it  was  not  sufficiently  precise  for  some  pur¬ 
poses.  Further,  while  it  could  be  applied  in  the  presence  of  low 
concentrations  of  chloride  such  as  those  found  in  commercial 
caustic  soda,  it  was  not  applicable  to  cell  liquor  from  chlorine- 
caustic  soda  cells  where  sodium  chloride  equaled  or  exceeded 
sodium  hydroxide.  The  best  solution  for  these  problems  ap¬ 
peared  to  be  a  concentration  procedure.  Precipitation  of  the 
manganese  as  the  hydrated  oxide  along  with  ferric  hydroxide  as  a 
carrier  was  tried  but  found  unsatisfactory.  Moeller’s  proposal 
(2)  to  extract  a  number  of  metals  as  the  oxinate  by  means  of  a 
chloroform  solution  of  oxine  suggested  the  possibility  of  extract¬ 
ing  manganese  by  a  similar  procedure.  After  the  manganese 
is  extracted  from  a  large  sample,  the  oxine  is  oxidized  by  means 
of  hydrogen  peroxide  and  perchloric  acid  to  a  form  which  does 
not  interfere  with  the  subsequent  analysis  and  the  manganese  is 
determined  in  the  usual  manner. 

APPARATUS  AND  REAGENTS 

An  Eimer  and  Amend  photoelectric  colorimeter  was  used. 
All  measurements  were  made  using  Wratten  filter  58  or  58 A  and  a 
rectangular  optical  cell  having  a  capacity  of  somewhat  more 
than  100  ml.  and  measuring  40  X  40  mm.  inside  on  the  base. 

A  scoop  having  a  volume  of  0.15  ml.  was  used  for  adding  the 
potassium  periodate  crystals.  A  cylindrical  glass  cup  sealed  to 
a  short  length  of  glass  rod  makes  an  ideal  scoop. 

1  Present  address,  Brown  and  Bigelow,  St.  Paul,  Minn. 


the  method  under  the  best  conditions  (LUi)  was  found  to  be  ±0.18 
part  per  million  in  a  sample  analyzing  0.37  per  million.  ‘The  LUi 
was  reduced  to  ±0.03  part  per  million  by  extracting  the  manganese 
as  the  oxirate  with  chloroform  prior  to  the  development  of  the  per¬ 
manganate  color. 

A  dispensing  buret  such  as  Scientific  Glass  Apparatus  Co. 
Catalog  No.  J-814  is  desirable  for  dispersing  hydrochloric  acid. 

Several  1000-ml.  Squibb  separatory  funnels  are  required. 

Sodium  sulfite,  100  grams  of  anhydrous  c.p.  sodium  sulfite 
dissolved  in  sufficient  water  to  make  1  liter  of  solution. 

Phenolphthalein,  10  grams  per  liter  in  isopropanol. 

Oxine,  10  gram3  of  8-hydroxyquinoline  (oxine),  Eastman  re¬ 
agent  794,  dissolved  in  1  liter  of  isopropanol. 

Chloroform,  technical  grade. 

Perchloric  acid,  c.p.,  70  to  72%. 

Hydrogen  peroxide,  c.p.,  30%. 

Potassium  periodate,  c.p. 

Sodium  phosphate.  Dissolve  500  grams  of  sodium  dihydrogen 
phosphate  monohydrate  in  sufficient  water  to  make  1  liter  of 
solution.  If  turbid,  filter  through  Whatman  40  filter  paper  by 
means  of  a  Buchner  funnel.  Baker’s  c.p.  sodium  phosphate  was 
found  to  be  sufficiently  low  in  manganese  for  this  purpose. 

Standard  manganese  solution.  Dissolve  0.3077  gram  of  man¬ 
ganous  sulfate  monohydrate  in  water,  add  1  ml.  of  concentrated 
sulfuric  acid,  and  dilute  to  1  liter  in  a  volumetric  flask.  One 
milliliter  of  this  solution  contains  100  micrograms  of  manganese. 

PROCEDURE 

Direct  Method.  Weigh  20  grams  of  50%  sodium  hydroxide 
(or  the  equivalent  amount  of  other  concentrations)  on  a  Harvard 
trip  balance,  add  50  ml.  of  water,  and  swirl  to  mix.  Add  50  ml. 
of  1  to  1  phosphoric  acid  and  0.4  gram  of  potassium  periodate, 
heat  to  boiling,  and  boil  for  20  minutes.  Cool  to  room  temper¬ 
ature  and  dilute  to  100  ml.  in  a  graduated  cylinder.  Measure 
the  transmittancy  on  a  photoelectric  colorimeter  using  a  Wratten 
58A  filter.  Read  the  micrograms  of  manganese  from  a  calibra¬ 
tion  curve.  Calculate  the  parts  of  manganese  per  million  parts 
of  sodium  hydroxide  by  dividing  the  micrograms  of  manganese 
by  10. 

To  prepare  the  calibration  curve  measure  out  portions  of  the 
standard  manganese  solution,  containing  0,  10,  20,  50,  and  100 
micrograms  of  manganese,  by  means  of  a  1-ml.  Mohr  pipet. 
Proceed  as  described  above,  beginning  with  the  addition  of  50 
ml.  of  water.  Plot  micrograms  of  manganese  against  per  cent 
transmittancy. 

Extraction  Method.  Weigh  100  grams  of  50%  sodium 
hydroxide  (or  the  equivalent  amount  of  other  concentrations) 
into  a  1-liter  beaker  and  add  sufficient  water  to  give  a  total  vol¬ 
ume  of  500  or  600  ml.  Add  1  ml.  of  sodium  sulfite  solution 
(100  grams  per  liter),  acidify  with  12  N  hydrochloric  acid,  and 
add  5  ml.  in  excess.  It  is  advisable  to  add  about  90  ml.  of  the 
acid,  then  3  to  5  drops  of  phenolphthalein,  and  finally  to  acidify 
and  add  the  5-ml.  excess.  Mix  the  acidified  solution  and  let 
stand  3  to  5  minutes.  Into  another  beaker  introduce  600  ml. 
of  water  and  5  ml.  of  hydrochloric  acid  to  be  used  as  a  blank. 
Carry  this  blank  through  the  same  procedure  as  the  sample. 
Add  with  stirring  5  ml.  of  oxine  solution  followed  by  15  ml.  of 
ammonium  hydroxide  (specific  gravity  0.90),  cool  to  room  tem¬ 
perature  in  running  water,  and  transfer  to  a  1-liter  Squibb 
separatory  funnel.  Rinse  the  beaker  twice  with  a  stream  of 
water  from  a  wash  bottle  and  add  to  the  solution  in  the  separatory 
funnel. 

Add  30  ml.  of  chloroform,  shake  vigorously  for  60  seconds,  and 
allow  the  two  liquids  to  separate.  Draw  off  the  chloroform  layer 
into  a  250-ml.  wide-mouthed  conical  flask.  Add  10  ml.  of  ad¬ 
ditional  chloroform  to  the  separatory  funnel,  shake  15  seconds, 
and  draw  off  and  combine  this  chloroform  with  the  first  extract. 
Make  a  third  extraction  with  10  ml.  of  chloroform.  If  the  third 
extract  shows  appreciable  color,  make  further  extractions  until  a 
colorless  extract  is  obtained. 

To  the  combined  extracts  add  5  ml.  of  70%  perchloric  acid 
and  5  ml.  of  30%  hydrogen  peroxide,  cover  with  a  Fisher  Speedy- 
vap  watch  glass,  and  evaporate  slowly  to  a  volume  of  1  to  2  ml. 
Do  not  evaporate  to  dryness,  as  this  may  result  in  a  mild  ex- 
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ilosion.  Evaporations  with  perchloric  acid  are  dangerous  and, 
vhen  appreciable  quantities  of  organic  matter  are  present,  will 
•esult  in  violent  explosions.  For  this  reason,  the  procedure  must 
lot  be  altered  so  as  to  increase  the  amount  of  organic  matter 
present  during  the  evaporation.  Cool,  rinse  off  the  watch  glass, 
ind  add  10  ml.  of  sodium  dihydrogen  phosphate  solution,  100  ml. 
if  water,  0.4  gram  of  potassium  periodate,  and  a  glass  bead. 
Boil  to  a  volume  of  90  to  100  ml.  (10  to  20  minutes’  boiling), 
:ool  in  running  water,  and  dilute  to  100  ml.  in  a  graduated  cyl- 
nder.  Measure  the  transmittancy  and  read  the  micrograms  of 
nanganese  from  the  calibration  curve.  Calculate  the  manganese 
;oncentration  in  parts  per  million  parts  of  sodium  hydroxide  by 
lividing  the  micrograms  of  manganese  (after  subtracting  the 
ilank)  by  the  weight  of  sodium  hydroxide  (grams)  in  the  original 
sample. 

To  prepare  the  calibraton  curve  introduce  into  a  series  of  250- 
nl.  flasks  portions  of  the  standard  manganese  solution  con- 
saining  0,  25,  50,  100,  and  150  micrograms  of  manganese,  using 
i  1-ml.  Mohr  pipet.  Add  2  ml.  of  70%  perchloric  acid  and  pro- 
:eed  as  described  above,  beginning  with  the  addition  of  sodium 
iihydrogen  phosphate.  Plot  the  data  obtained,  using  a  scale 
such  that  the  smallest  division  on  the  graph  paper  corresponds 
so  1  microgram  of  manganese  and  0.2%  light  transmittancy. 


Table  I.  Effect  of  Phosphoric  Acid  Concentration  and  pH  on 
Recovery  of  Manganese  from  Sodium  Hydroxide 


(100  micrograms  of  manganese  added) 


85%  H,P04 

pH 

Transmittancy 

Manganese 

Found 

Ml. 

% 

Micrograms 

15 

'4.1 

82.5 

69 

20 

2.2 

75.7 

99 

30 

1.5 

75.3 

100 

35 

1.2 

75.2 

101 

Direct  Method.  To  determine  the  effect  of  varying  con¬ 
centrations  of  phosphoric  acid,  there  were  added  to  20-gram  por¬ 
tions  of  50%  sodium  hydroxide  100  micrograms  of  manganese 
'  followed  by  various  amounts  of  phosphoric  acid  and  the  color  was 
developed  by  boiling  with  potassium  periodate.  The  data  in 
Table  I  indicate  that  color  development  is  incomplete  when 
15  ml.  of  85%  phosphoric  acid  are  used  but  that  essentially 
complete  color  development  is  obtained  by  using  20  ml.  The 
further  apparent  slight  increase  in  manganese  for  larger  amounts 
of  phosphoric  acid,  while  within  the  precision  of  the  method,  may 
be  due  to  the  manganese  content  of  the  acid.  The  color  of  the 
standards,  to  which  no  sodium  hydroxide  was  added,  developed 
readily  when  using  5  to  40  ml.  of  85%  phosphoric  acid.  These 
data  indicate  that  the  pH  must  be  maintained  below  4  and  pos- 
:  sibly  as  low  as  2  for  the  maximum  color  development. 

The  colors  developed  under  these  conditions  showed  no  fading 
during  3  days  and  indeed  the  color  intensity  increased  slightly 
during  this  period. 

Of  the  filters  tested  Wratten  58A  gave  the  greatest  spread  in 
transmittancy  per  unit  of  manganese,  although  filter  58  was  al¬ 
most  as  good.  The  calibration  curve  with  either  of  these  filters 
is  almost  linear  over  the  range  0  to  150  micrograms  and  has  a  slope 
of  approximately  0.25%  transmittancy  per  microgram  of  man¬ 
ganese.  The  colorimeter  which  was  used  in  this  work  is  no  longer 
manufactured  but  any  other  colorimeter  that  utilizes  a  two-cell 
balanced-bridge  circuit  and  a  40-mm.  light  path  and  the  same 
filter  would  doubtless  give  similar  results. 

The  time  required  for  the  appearance  of  the  permanganate 
color  may  vary  from  a  few  seconds  to  almost  20  minutes  after 
boiling  is  started.  A  longer  boiling  time  is  required  for  the  ap¬ 
pearance  of  the  color  when  the  amount  of  manganese  is  very 
small.  Color  appeared  in  a  sample  in  which  17  micrograms 
of  manganese  were  found  after  boiling  for  10  minutes.  A 
portion  of  the  same  sample  to  which  60  micrograms  of  manganese 
were  added  required  4  minutes  and  intermediate  concentrations 
required  intermediate  boiling  periods.  A  20-minute  boiling 
period  was  used  in  all  cases  before  reading  the  transmittancy  on 
i  the  colorimeter.  Consistent  results  were  obtained  by  boiling  20 
minutes,  which  indicates  that  longer  boiling  is  unnecessary. 


Table  II.  Precision  of  Direct  Method  for  Manganese  in  50% 
Sodium  Hydroxide 


Test  No. 

Manganese 

P.p.m. 

Deviation 

P.p.m. 

1 

0.30 

-0.07 

2 

0.35 

-0.02 

3 

0.40 

+  0.03 

4 

0.45 

+  0.08 

5 

0.35 

-0.02 

6 

0.40 

+  0.03 

7 

0.35 

-0.02 

8 

0.40 

+  0.03 

9 

0.40 

+  0.03 

10 

Av. 

ffi  of  group 

LUi  of  method 

0.25 

0.37 

±0.055 

±0.180 

-0.12 

No  turbidity  has  ever  been  observed  when  following  this  pro¬ 
cedure.  The  method  has  been  applied  in  the  presence  of  6000 
parts  per  million  of  added  silica  and  to  caustic  soda  from  all  the 
leading  American  manufacturers. 

The  precision  of  the  method  was  determined  according  to  the 
procedure  given  by  Moran  (3).  The  limit  of  uncertainty  under 
the  best  conditions  was  found  to  be  ±0.18  part  per  million  parts 
of  sodium  hydroxide  for  a  sample  analyzing  0.37  part  per  million 
(Table  II).  The  precision  of  the  measurement  of  the  color  of  a 
single  colored  solution  has  been  shown  to  be  ±0.35%  trans¬ 
mittancy.  Based  on  the  slope  of  the  calibration  curve  of  0.25% 
transmittancy  per  microgram,  the  precision  of  the  method  of 
±0.18  part  per  million  is  equivalent  to  ±0.45%  transmittancy. 
Thus,  the  precision  of  the  method  is  of  the  same  order  of  mag¬ 
nitude  as  the  precision  of  the  measurement  of  the  color  and  is  as 
good  as  can  be  expected. 

The  precision  of  the  method  was  also  determined  under  routine 
conditions  by  four  chemists  who  made  a  total  of  20  analyses 
during  several  days.  The  sample  used  for  this  test  analyzed 
0.96  part  per  million  and  the  limit  of  uncertainty  was  found  to 
be  ±0.36  part  per  million.  While  these  precisions  are  sufficient 
for  some  purposes,  they  are  obviously  not  satisfactory  for  de¬ 
tecting  small  changes  in  manganese  content. 

Concentration  Method.  An  attempt  was  made  to  con¬ 
centrate  the  manganese  by  precipitation  as  the  hydroxide  or 
hydrated  oxide.  The  precipitate  was  filtered,  dissolved  in  hy¬ 
drochloric  acid,  and  the  manganese  determined  colorimetrically 
in  a  phosphate-buffered  solution.  The  samples  were  compared 
with  a  calibration  curve  which  was  prepared  by  adding  known 
amounts  of  manganese  to  hydrochloric  acid  and  developing  the 
color  in  a  phosphate-buffered  solution  in  the  same  manner  as 
the  sample.  Since  the  amount  of  manganese  was  small,  ferric 
iron  was  added  as  a  gathering  agent.  Recovery  of  added  man¬ 
ganese  by  this  procedure  was  erratic  and  usually  low,  varying 
from  50  to  100%  of  the  amount  added.  A  study  of  the  effect 
of  the  temperature  of  precipitation,  the  time  between  precipita¬ 
tion  and  filtration,  the  amount  of  iron  added,  and  the  addition 
of  hydrogen  peroxide  failed  to  indicate  any  set  of  conditions  which 
would  result  in  the  consistent  recovery  of  manganese. 

Moeller’s  (3)  method  for  the  extraction  of  iron,  aluminum, 
indium,  cobalt,  and  nickel  involved  adjusting  the  pH  of  the 
aqueous  solution  to  a  predetermined  value  and  extracting  with 
a  chloroform  solution  of  oxine.  Qualitative  tests  indicated  that 
manganese  could  be  extracted  at  a  pH  of  about  9.  However, 
recovery  was  not  always  quantitative.  It  was  shown  that  it  is 
necessary  to  acidify  the  sample  before  any  manganese  can  be 
recovered.  Only  2  micrograms  of  manganese  were  recovered 
from  a  sample  of  cell  liquor  to  which  100  micrograms  had  been 
added,  when  the  extraction  was  made  without  first  neutralizing 
the  sodium  hydroxide.  From  50  to  80  micrograms  of  manganese 
were  recovered  from  similar  samples  which  were  acidified  with 
hydrochloric  acid  and  then  made  alkaline  with  ammonia  before 
being  extracted.  This  indicated  that  the  manganese  is  com¬ 
pletely  converted  in  sodium  hydroxide  solutions  to  a  form  which 
does  not  react  readily  with  the  chloroform  solution  of  oxine.  It 
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Table  III.  Effect  of  Time  of  Shaking  with  Chloroform  on  Recovery 
of  Manganese  from  Cell  Liquor 

(100  micrograms  of  manganese  added) 


Time 

Mn  Found 

Seconds 

Micrograms 

15 

93 

30 

96 

60 

104 

120 

105 

Table  IV.  Effect  of  Excess  Hydrochloric  Acid  and  Ammonium 
Hydroxide  on  Recovery  of  Manganese  from  Cell  Liquor 

(100  micrograms  of  manganese  added) 


Excess  HC1 

Excess  NHiOH 

Mn  Found 

Ml. 

Ml. 

Micrograms 

10 

0 

73 

10 

5 

94 

10 

50 

93 

2 

15 

105 

10 

15 

105 

20 

15 

60 

Table  V.  Number  of  Extractions  Required  for  Recovery  of 
Manganese  from  Cell  Liquor 

(100  micrograms  of  manganese  added) 

Extract  No.  Mn  Found 

Micrograms 

1  102 

2  3 

3  1 

4  3 


is  probable  that  a  variable  portion  of  the  manganese  is  converted 
to  a  similar  form  in  ammoniacal  solution.  This  suggested  that  the 
manganese  oxinate  should  be  formed  by  adding  the  oxine  to  the 
acidified  aqueous  solution  and  then  making  this  solution  am¬ 
moniacal.  Chloroform,  rather  than  a  solution  of  oxine  in  chloro¬ 
form,  would  be  used  for  the  extraction  in  this  case.  Quantitative 
recovery  of  manganese  was  obtained  consistently  by  this  pro¬ 
cedure. 

The  time  required  to  extract  the  manganese  oxinate  by  means 
of  chloroform  was  determined  as  follows: 

To  500  ml.  of  cell  liquor  were  added  100  micrograms  of  man¬ 
ganese  (as  the  chloride  or  sulfate).  Five  milliliters  excess  of 
12  N  hydrochloric  acid  was  added,  followed  by  a  solution  of  0.1 
gram  of  oxine  in  5  ml.  of  12  N  hydrochloric  acid.  Ten  milli¬ 
liters  excess  of  ammonium  hydroxide  (specific  gravity  0.90)  was 
added  and  the  manganese  oxinate  extracted  with  a  single  50-ml. 
portion  of  the  solvent. 

Table  III  indicates  that  a  60-second  shaking  period  is  desirable 
when  extracting  with  chloroform.  Chloroform  and  trichloro¬ 
ethylene  were  found  to  be  about  equally  efficient.  Carbon  tetra¬ 
chloride  appeared  to  be  somewhat  less  efficient,  although  the  dif¬ 
ference  is  probably  not  significant. 

Using  a  similar  procedure  it  was  found  that  variations  between 
5  and  50  ml.  in  the  excess  ammonium  hydroxide  had  no  signifi¬ 
cant  effect  on  the  recovery  but  that  recovery  was  low  when  the 
solution  was  just  neutralized.  The  use  of  2-  to  10-ml.  excess  of 
hydrochloric  acid  gave  about  the  same  recovery,  but  a  larger 
excess  caused  low  results  (Table  IV).  The  low  results  for  the 
larger  excess  of  hydrochloric  acid  were  probably  due  to  the 
partial  oxidation  of  the  oxine  by  the  chlorate  from  the  cell 
liquor.  This  oxidation  could  doubtless  have  been  prevented 
by  the  addition  of  a  reducing  agent,  such  as  sodium  sulfite,  as 
described  below. 

Variations  in  the  volume  of  solvent  between  10  and  100  ml. 
did  not  give  a  significant  variation  in  the  recovery.  Essentially 
constant  recovery  was  obtained  using  0.02  to  0.2  gram  of  oxine. 
Several  other  metals  including  iron  are  precipitated  by  oxine 
under  the  conditions  used  here  and  it  is  essential  to  add  sufficient 
oxine  to  react  with  all  metals  which  are  precipitated  under  these 
conditions.  Moeller  recommended  the  use  of  chloroform  con¬ 
taining  alcohol.  Amounts  of  isopropanol  up  to  15  ml.  did  not 


cause  any  variation  in  recovery.  Isopropanol  is  a  convenient 
solvent  for  oxine  and  was  subsequently  used  for  this  purpose  in 
place  of  hydrochloric  acid. 

The  data  in  Table  V  indicate  that  most  of  the  manganese  is 
extracted  with  a  single  30-ml.  portion  of  chloroform.  Extraction 
with  chloroform  is  as  effective  as  extraction  with  a  1-gram-per- 
liter  solution  of  oxine  in  chloroform.  Samples  which  were  acidi¬ 
fied,  treated  with  additional  oxine,  and  then  made  alkaline 
before  each  extraction  did  not  yield  any  greater  amount  of  man¬ 
ganese  than  those  which  were  not  so  treated.  Three  extractions 
with  chloroform  were  adopted  for  the  final  procedure  to  provide 
for  possible  variations  in  technique.  - 

An  occasional  sample  of  cell  liquor  was  found  which  contained 
manganese  dioxide  in  a  form  that  could  not  be  dissolved  in 
hydrochloric  acid  by  the  usual  procedure.  Sulfites  have  been 
suggested  as  an  aid  for  the  dissolution  of  manganese  dioxide  (4). 
The  addition  of  a  small  amount  of  sodium  sulfite  at  the  time 
the  sample  was  acidified  increased  the  recovery  of  manganese 
from  these  refractory  samples.  The  manganese  content  ob¬ 
tained  in  this  manner  agreed  with  that  obtained  by  boiling  the 
insoluble  material  with  concentrated  hydrochloric  acid  and  adding 
this  solution  to  the  main  body  of  the  sample.  A  large  excess  of 
sodium  sulfite  should  be  avoided,  since  it  retards  the  recovery  of 
manganese. 

The  effect  of  increasing  amounts  of  sodium  sulfite  on  the  re¬ 
covery  of  manganese  from  two  typical  samples  of  cell  liquor  is 
shown  in  Table  VI.  Sample  1  contained  some  “insoluble” 
manganese  dioxide  and  a  small  amount  of  sodium  sulfite  is  re¬ 
quired  for  the  recovery  of  all  the  manganese.  Additional 
amounts  of  sodium  sulfite  did  not  affect  the  recovery,  presum¬ 
ably  because  of  reaction  of  most  of  the  sulfite  with  oxidizing 
agents  in  the  cell  liquor.  Sample  2  was  free  from  “insoluble” 
manganese  dioxide.  A  small  amount  of  sodium  sulfite  had  no 
significant  effect  on  the  recovery  but  large  amounts  caused  low 
results.  While  no  explanation  could  be  found  for  these  low  re¬ 
sults,  they  were  observed  rather  consistently  and  appear  to  be 


Table  VI.  Effect  of  Sodium  Sulfite  on  Recovery  of  Manganese 
from  Cell  Liquor 

(100  micrograms  of  manganese  added) 


Sample  1  Sample  2 


NasSOj 

Mn  found 

NajSOa 

Mn  found 

Gram 

M  icrograms 

Gram 

Micrograms 

0.0 

83 

0.0 

88 

0.1 

97 

0.1 

86 

0.5 

93 

0.5 

78 

2.0 

97 

2.0 

67 

Table  VII.  Accuracy  of  Extraction  Method  for  Manganese  in  50% 


Added 

Sodium  Hydroxide 

Found  Recovered 

Error 

0 

Micrograms  of  manganese 

36 

25 

61 

25 

6 

50 

85 

49 

-1 

100 

133 

97 

-3 

Table  VIII.  Precision  of  Extraction  Method  for  Manganese  in  50% 
Sodium  Hydroxide 


Test  No.  Manganese  Found 


Micrograms 

P.p.m. 

1 

77 

0.77 

2 

80 

0.80 

3 

78 

0.78 

4 

78 

0.78 

5 

78 

0.78 

6 

77 

0.77 

7 

79 

0.79 

8 

77 

0.77 

9 

77 

0.77 

10 

77 

0.77 

Av. 

77.8 

0.778 

<n  of  group 

±0.98 

±0.0098 

LUi  of  method 

±3.18 

±0.0318 
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real.  Although  no  evidence  of  the  presence  of  insoluble  man¬ 
ganese  dioxide  was  found  in  caustic  soda,  it  appeared  desirable 
to  add  a  small  amount  of  sodium  sulfite  to  prevent  the  oxida¬ 
tion  of  the  oxine  which,  as  pointed  out  above,  is  excessive  under 
some  conditions  and  doubtless  occurs  to  some  extent  under  any 
condition.  In  addition,  the  phenolphthalein  is  oxidized  rapidly 
if  the  sulfite  is  omitted. 

The  accuracy  of  the  method  was  determined  by  comparing 
the  recovery  of  manganese  added  to  caustic  soda  with  a  calibra¬ 
tion  curve  which  was  prepared  without  going  through  the  ex¬ 
traction  procedure.  The  maximum  error  observed  (Table 
VII)  is  within  the  precision  of  the  method  as  shown  in  Table 
VIII.  It  is  concluded  from  this  that  the  extraction  procedure 
is  free  from  constant  errors  and  that  the  method  is  accurate. 
The  limit  of  uncertainty  of  the  extraction  method  under  the 


best  conditions  was  found  to  be  ±0.03  part  per  million  (Table 
VIII).  The  ratio  of  the  limit  of  uncertainty  (LUi)  of  ±0.03 
part  per  million  by  the  extraction  procedure  to  ±0.18  part  per 
million  by  the  direct  procedure  is  approximately  what  would 
be  expected  from  the  fivefold  increase  in  sample  size.  This  in¬ 
dicates  that  the  added  manipulations  of  the  extraction  do  not 
significaatly  detract  from  the  precision. 
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Determining  Oxygen  in  Hydrocarbon  Gases 

KARL  UHRIG,  F.  M.  ROBERTS,  and  HARRY  LEVIN,  The  Texas  Company,  Beacon,  N.  Y. 


A  method, is  described  for  determining  oxygen  in  concentrations  of 
0.001  to  5%.  Oxygen  is  reacted  With  copper  wetted  with  am¬ 
monia-ammonium  chloride  solution,  the  resulting  mixed  oxides  are 
dissolved  in  the  same  solution  and  reduced  to  cuprous  form,  and 
copper  is  determined  iodometrically  as  a  measure  of  oxygen  in  the 

I  A  STUDY  of  refinery  operations  for  factors  affecting  catalyst 
/  \  fife  made  it  important  to  have  a  method  for  determining 
small  quantities  of  oxygen  in  hydrocarbon  gases. 

I  The  usual  methods  of  Orsat  gas  analysis  employing  alkaline 
pyrogallol,  phosphorus,  chromous  chloride,  etc.,  are  obviously 
unsuitable  for  the  small  concentrations  of  oxygen  with  which  this 
paper  is  concerned. 

I  Simmons  and  Kipp  (12)  used  sodium  triphenylmethyl  for  de¬ 
termining  traces  of  water  and  oxygen,  presuming  therefore  the 
absence  of  one  when  determining  the  other.  An  interesting  test 
is  described  by  Kautsky  and  Hirsch  (4)  who  determined  the  time 
required  for  destruction  of  the  phosphorescence  of  trypaflavine 
as  a  measure  of  very  low  concentrations  of  oxygen.  A  nephelo¬ 
metric  method  based  on  fume  intensity  in  the  reaction  between 
oxygen  and  phosphorus  was  mentioned  by  Wagner  (14)-  A 
colorimetric  method,  based  on  the  red  color  produced  by  oxygen 
in  a  solution  of  pyrocatechol  and  ferrous  sulfate,  was  described  by 
Binder  and  Weinland  (2).  Ambler  ( 1 )  described  a  method  based 
on  the  color  imparted  by  oxygen  to  alkaline  pyrogallol  solution. 
Hofer  and  Wartenberg  (8)  based  their  method  on  the  ready  oxi¬ 
dation  of  sodium  hydrosulfite  and  measured  the  consumption 
of  the  sulfite.  Mugden  and  Sixt  (7)  determined  small  amouhts 
of  oxygen  in  gases  by  comparing  the  blue  color  produced  in  am- 
moniacal  cuprous  salt  solutions  with  known  cupric  salt  solutions. 

The  use  of  manganous  hydroxide  for  determining  small 
amounts  of  oxygen  in  gases  was  suggested  by  Phillips  (8)  and 
later  elaborated  by  Schmid  (9).  This  is  a  modification  of 
Winkler’s  (15)  method  which  was  originally  proposed  for  deter¬ 
mining  oxygen  dissolved  in  water.  A  method  employing  the 
same  general  principle,  but  ferrous  instead  of  manganous  salts, 
was  described  by  Shaw  (11),  who  completed  the  determination 
colorimetrically.  A  method  claimed  to  be  fast  and  practically 
independent  of  the  composition  of  the  test  gas  was  described  by 
MacHattie  and  Maconachie  ((?)  who  deposited  the  oxygen  on 
reduced  copper  kept  moist  with  ammonia-ammonium  chloride 
solution,  dissolved  the  resulting  copper  oxide  in  the  same  re¬ 
agent,  and  estimated  it  by  titrating  a  blank  with  standard  copper 
solution  to  the  same  depth  of  blue  color. 

The  last  method  mentioned  appeared  most  promising  of  all 
considered  and  was  investigated  extensively.  When  it  was  ap¬ 
plied  to  knowns,  following  in  detail  the  directions  of  its  authors, 
low  results  were  obtained.  This  was  thought  to  be  due  to  diffi- 
1  culties  experienced  in  recognizing  the  end  point  of  the  colori- 


sample.  The  method  gives  accurate  results  in  saturated  and  un¬ 
saturated  hydrocarbon  gases.  Sulfur  dioxide,  hydrogen  sulfide, 
and  mercaptans  must  be  removed  and  means  for  doing  so  are  pro¬ 
vided.  The  method  is  based  on  well-known  reactions  but  many 
modifications  have  been  made  in  technique  and  equipment. 


Table  I.  Copper  Determinations  as  Measure  of  Oxygen  in  Air 


(Air  taken  to  be  20.9%  oxygen  by  volume) 


Air  Taken 
(Diluted  to  100 
Ml.  with  Pure 

Copper 

Copper  Calculated 
from  Air  Taken 
Assuming  Formation  of: 

Oxygen  Found6 
Assuming  Formation 
of: 

Nitrogen) 

Found 

CuaO 

CuO 

CujO 

CuO 

Ml. 

Mg. 

Mg. 

Mg. 

% 

% 

4 . 53“ 

9.8 

10.8 

5.4 

19.0 

38.0 

9.06 

17.5 

21.5 

10.75 

17.0 

34.0 

11.32 

24.1 

26.9 

13.45 

18.7 

37.4 

13.61 

27.5 

32.3 

16.15 

17.8 

35.6 

22.75 

46.1 

54.0 

27.0 

17.8 

35.6 

“  At  0°  C.,  760  mm. 

&  Calculated  from;  copper  determined  by  microelectrolysis. 


metric  copper  titration.  This  method  of  determining  copper  was 
therefore  replaced  by  the  more  precise  microelectrolytic  proce¬ 
dure.  Those  authors  (6)  believed  cuprous  oxide  was  formed  but 
determined  from  many  experiments  that  10.45  mg.  of  copper, 
instead  of  theoretical  11.36,  were  equivalent  to  1.0  ml.  of  oxygen 
(0°  C.,  760  mm.)  and  adopted  the  former  empirical  value.  The 
present  authors  have  found  this  to  be  due  to  the  fact  that  cu¬ 
prous  and  cupric  oxides  are  simultaneously  formed.  The  data 
given  in  Table  I  indicate  that  mixed  oxides  are  formed  and  that 
the  ratio  may  not  be  constant,  the  present  data  yielding  a  cop¬ 
per  value  of  9.24  to  10.33  mg.  per  cc.  of  oxygen. 

If  oxygen  be  calculated  from  the  copper  found  in  the  cell  wash¬ 
ings,  it  is  necessary  that  it  be  present  either  as  cupric  or  cuprous 
oxide,  but  not  a  variable  mixture.  Since  transformation  of  cu¬ 
prous  into  cupric  oxide  involves  adding  oxygen,  the  cupric  oxide 
must  be  reduced  to  cuprous  and  this  is  easily  accomplished  by 
shaking  its  ammoniacal  solution  with  copper  in  the  specially  de¬ 
signed  reaction  cell  described  below.  In  this  manner  satisfactory 
results  were  obtained  (Table  II). 

The  rather  involved  microelectrolytic  copper  determination 
was  then  replaced  by  simple  iodometric  procedure  without  loss  in 
accuracy  or  precision. 

To  analyze  a  sample  of  very  low  oxygen  content  such  a  large 
portion  (up  to  5  liters)  must  be  taken  that  its  passage  through  the 
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Table  II.  Oxygen  Determinations  on  Knowns  Using  a  New  Reaction  Cell 

(Copper,  equivalent  to  the  oxygen,  was  determined  by  microeleetrolyBis) 


Run  No. 


%  oxygen,  calculated 
%  oxygen,  found 


Run  No. 


%  oxygen,  calculated 
%  oxygen,  found 


X 

2 

3 

4 

5  6 

7 

8 

9 

Methane  +  Air 

Isobutane  +  Air 

Isobutene  +  Air 

0.020 

0.060 

0.054 

0.024 

0.128  0.053 

0.053 

0.180 

0.065 

0.019 

0.062 

0.056 

0.023 

0.123  0.055 

0.056 

0.184 

0.066 

10 

11 

12 

13 

14  •  15 

16 

Propane  +  Air 

n-Butane  +  Air 

0.078 

0.026 

0.027 

0.150 

0.020  0.011 

0.086 

0.080 

0.025 

0.030 

0.146 

0.018  0.010 

0.088 

CHLORIDE  1:1 


Figure  1 .  Lift  Pump 


cell  dries  the  copper  and  renders  it  inactive.  The  reaction  cell 
in  its  final  form  makes  provision  for  keeping  the  copper  moist. 

The  knowns  were  prepared  by  introducing  measured  volumes 
of  air  (20.9%  by  volume  of  oxygen)  from  a  buret  into  a  3-liter 
evacuated  flask  which  was  then  charged  with  pure  nitrogen  or 
hydrocarbon  gas  to  desired  pressures.  For  low  concentrations  a 
19.9-liter  (5-gallon)  bottle  was  used. 

The  following  procedure  was  adopted  by  the  present  authors. 
Though  described  in  considerable  detail,  the  manipulations  are 
actually  simple. 


REAGENTS 


Copper  ribbon  (approximately  1  mm.  wide  and  0.1  mm.  thick) 
knitted  into  a  spongelike  pad;  the  commercially  available 
“Chore  Girl”  is  made  in  this  way  and  is  satisfactory.  Ammoni- 
acal  ammonium  chloride  solution  prepared  by  mixing  equal 
volumes  of  concentrated  c.p.  ammonium  hydroxide  and  satu¬ 
rated  aqueous  solution  of  c.p.  ammonium  chloride;  c.p.  potas¬ 
sium  iodide,  c.p.  glacial  acetic  acid,  0.025  N  sodium  thiosulfate, 
1%  starch  solution,  and  commercial  nitrogen. 


APPARATUS 


The  apparatus  consists  of  three  principal  sections:  lift  pump 
(Figure  1)  used  in  the  production  of  oxygen-free  nitrogen  from 
the  commercial  product,  reaction  cell  (Figure  2)  where  oxygen 
of  sample  combines  with  copper,  measuring  apparatus  consisting 
of  Shepherd  buret,  calibrated  receivers,  and  three-leg  mercury 
manometer.  The  entire  assembly  is  shown  in  Figure  3. 

Lift  Pump.  In  the  lift  pump  (13)  incoming  nitrogen  actuates 
a  continuous  circulation  of  ammoniacal  ammonium  chloride  solu¬ 
tion  through  copper  (Figure  1),  the  scrubbing  serving  to  free  the 
nitrogen  of  oxygen.  Commercial  nitrogen  entering  through  stop¬ 
cock  2  is  forced  through  copper  ribbon  in  5,  wetted  with  ammoni¬ 
acal  ammonium  chloride  solution  in  6  by  the  lift  pump,  4,  to  which 
the  flow  of  solution  is  regulated  by  stopcock  7.  The  flow  of  in¬ 


coming  nitrogen  (rate  approximately  10  liters 
per  hour)  is  controlled  by  stopcock  2.  The 
nitrogen  and  liquid  meet  at  3.  A  mercury- 
filled  pressure  regulator,  1,  maintains  the  im¬ 
pure  nitrogen  supply  at  approximately  100 
mm.  Nitrogen  and  solution  are  proportioned 
by  stopcocks  2  and  7,  so  a  steady  stream  of 
gas-liquid  mixture  rises  in  the  tube  above  4. 
It  is  essential  that  the  height  of  the  liquid 
column  in  6  and  the  tube  leading  immediately 
downward  be  large  enough  to  produce  at  3  a 
pressure  greater  than  that  exerted  by  the 
nitrogen-liquid  mixture  in  the  riser  tube  above 
4;  dimensions  shown  in  Figure  1  accomplish 
this.  The  slight  downward  slope  of  the  tube 


between  3  and  4  is  necessary  for  smooth  operation  of  the  lift-pump. 
The  internal  diameter  of  the  riser  tube  above  4  should  not  exceed 
6  mm.;  otherwise  an  unnecessarily  rapid  current  of  nitrogen  is 
required. 

The  nitrogen-liquid  mixture  discharges  above  the  copper  rib¬ 
bon  in  5  and  dissolves  the  copper  oxide  film  as  fast  as  it  is  formed, 
maintaining  the  copper  in  an  active  condition  and  completely 
freeing  the  nitrogen  of  the  oxygen  (13).  Stopcock  8  is  used  to 
remove  spent  solution;  fresh  solution  is  introduced  at  the  top  of  5. 
The  unit  should  be  glass,  except  for  the  rubber  stopper  on  5  and 
the  rubber  connection  near  2,  and  must  be  absolutely  tight.  The 
solution  in  6,  which  collects  the  copper  oxide  formed  in  5,  will  be 
blue  when  a  new  charge  is  introduced  but  will  become  colorless 
soon  after  the  lift  pump  is  started  and  remains  so  for  a  long  time 
if  the  system  be  tight.  Occasionally,  if  the  pump  has  not  been 
in  operation  for  days,  a  blqe  color  may  appear  at  the  top  of  the 
solution  but  this  has  no  adverse  effect  on  the  purity  of  the  effluent 
nitrogen.  One  charge  of  solution  will  supply  oxygen-free  nitro¬ 
gen  for  at  least  a  month  even  if  it  be  used  8  hours  every  day. 
Operation  of  the  pump  is  simple  and,  once  started,  does  not  re¬ 
quire  attention  for  the  rest  of  the  day. 

Reaction  Cell.  Only  the  cylindrical  part  of  the  reaction 
cell  (Figure  2)  is  filled  with  copper  ribbon,  which  must  be  cleaned 
before  being  placed  in  the  cell.  Copper  which  has  been  cleaned 
with  nitric  acid  was  found  to  be  inactive  after  a  few  runs.  Re¬ 
duction  with  methyl  alcohol  yielded  satisfactory  copper  but  for 
present  purposes  the  procedure  is  inconvenient.  A  simple  satis¬ 
factory  procedure  consists  of  momentarily  heating  the  copper  in 
a  gas  flame  to  remove  grease,  etc.,  Introducing  the  ribbon  in  the 
cell,  and  removing  the  resulting  copper  oxide  by  ammoniacal  am¬ 
monium  chloride  solution  contained  in  reservoir  12  (Figure  3)  with 
which  the  cell  communicates  through  stopcock  13.  Operation  of 
the  cell  is  described  below. 

Reservoir  12  has  a  capacity  of  1  liter.  Its  constricted  bottom 
connects  with  three-way  stopcock  11,  inserted  in  the  exit  line  of 
the  lift  pump  which  carries  oxygen-free  nitrogen  to  the  rest  of 
the  assembly.  This  stopcock  is  always  kept  open  to  all  three 
legs,  so  that  pure  nitrogen  is  available  for  flushing  the  reaction 

cell  via  stopcocks  18 


I  MM  capillary  glass 


and  19,  or  if  the  ni¬ 
trogen  is  not  used  it 
will  bubble  through 
the  liquid  in  12  and 
keep  it  oxygen-free; 
the  exhaust  is 
strongly  ammoni¬ 
acal  and  should  be 
disposed  of  prop¬ 
erly.  Reservoir  12 
should  be  kept  full, 
since  the  height  of 
its  liquid  column 
determines  the 
pressure  of  the 
purified  nitrogen. 
Stopcocks  9  and  18 
are  not  essential  but 
are  very  useful  in 
washing  out  salt  de¬ 
posits  which  may 
form  with  sharp 
temperature 
changes.  Stopcock 
10  permits  intro¬ 
duction  of  pure  ni¬ 
trogen  into  the  re¬ 
ceivers  for  diluting 
samples  of  high  oxy¬ 
gen  content. 
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Measuring  Apparatus.  The  measuring  apparatus  consists 
jf  buret,  manometer,  and  calibrated  receivers  connected  through 
stopcocks  20  to  26  as  illustrated  in  Figure  3,  which  is  self- 
sxplanatory. 


cell  washings  appear  colorless  immediately  upon  being  withdrawn 
from  the  cell  even  if  they  do  contain  copper,  because  it  is  present 
in  the  cuprous  state.  They  must  therefore  be  converted  into  the 
cupric  form  by  shaking  with  air  before  comparison  is  made. 


PROCEDURE 

Before  the  apparatus  is  used  the  air  in  the  system  must  be  dis¬ 
placed  by  oxygen-free  nitrogen  and  the  oxide  removed  from  the 
copper  ribbon  in  the  cell.  Removal  of  oxide  is  necessary  only 
after  a  new  charge  of  copper  ribbon  has  been  introduced.  The 
lift  pump  is  started  by  careful  manipulation  of  stopcocks  2  and 
7.  Stopcock  9  (Figure  3)  is  turned  to  close  the  system  to  the 
atmosphere  but  to  permit  discharge  of  purified  nitrogen  into  the 
.  system.  Stopcock  10  is  closed,  11  is  open  to  all  three  legs,  and 
18  is  open  into  the  line  toward  19,  which  is  closed.  Nitrogen 
now  bubbles  through  the  ammoniacal  ammonium  chloride  re¬ 
agent  in  12.  The  reaction  cell  is  partially  filled  with  the  reagent 
from  12  via  stopcocks  13  and  14  till  the  copper  ribbon  is  im¬ 
mersed,  displacing  air  through  15  and  17.  Stopcocks  13,  14,  15, 
and  17  should  be  lubricated  with  petrolatum.  Common  stop¬ 
cock  greases  are  unsuitable  in  presence  of  the  strongly  ammoni- 
acal  reagent.  Stopcock  17  is  momentarily  closed  while  stopcocks 
19,  16,  15,  and  14  are  turned  to  permit  nitrogen  to  bubble  up¬ 
ward  through  the  reagent  in  the  cell  when  17  is  opened.  Stop¬ 
cock  17  should  be  kept  only  partially  open,  merely  enough  to 
maintain  a  slight  pressure  of  nitrogen  within  the  cell  to  prevent 
entrance  of  air. 

_  The  liquid  in  the  cell  will  now  be  agitated  by  the  bubbles  of 
nitrogen,  the  copper  oxide  dissolved,  and  the  cupric  ammonium 
complex  reduced  as  indicated  by  the  disappearance  of  the  blue 
color.  After  about  15  minutes  the  air  will  have  been  displaced 
from  the  lines  and  the  reagent  in  the  cell  is  withdrawn.  For 
this  purpose  17  is  closed  and  the  nitrogen  pressure  below  19  per¬ 
mitted  to  force  the  liquid  of  the  cell  out  through  13  while  16  and 
14  are  turned  so  the  liquid  will  not  enter  the  by-pass;  stopcock 
13  is  closed  to  reservoir  12;  and  the  liquid  drained  from  the 
absorption  cell  is  discarded.  Care  must  be  observed  in  turning 
13,  so  that  air  cannot  back  into  the  cell.  This  procedure  of  filling 
the  cell  with  reagent,  agitating  with  nitrogen,  etc.,  is  repeated 
till  the  cell  washings  are  colorless  when  compared  with  fresh  re¬ 
agent  in  50-cc.  Nessler  tubes  against  a  white  background.  The 


The  method  is  specific  for  oxygen  and  it  would  seem  unneces¬ 
sary  to  pretreat  samples.  It  was  found,  however,  that  hydrogen 
sulfide,  mercaptans,  and  sulfur  dioxide  must  be  removed;  the 
first  two  because  they  render  the  copper  in  the  cell  inactive  in  a 
short  time,  the  sulfur  dioxide  because  it  interferes  with  the  iodo- 
metric  determination  of  copper.  The  sample  should  not  be 
scrubbed  directly  with  potassium  hydroxide  because  mercaptans 
consume  oxygen  in  presence  of  alkalies  (5),  as  was  confirmed  in 
this  study.  A  gas  sample  is  best  scrubbed  by  passing  through 
aqueous  silver  nitrate  solution  for  removal  of  hydrogen  sulfide 
and  mercaptans,  and  then  through  potassium  hydroxide  pellets 
to  remove  sulfur  dioxide. 

Before  introducing  the  sample  into  a  receiver,  it  must  be  purged 
of  oxygen  and  this  is  best  done  by  evacuation,  charging  with 
purified  nitrogen,  and  reevacuation.  Charging  the  evacuated 
receiver  with  nitrogen  from  the  lift-pump  system  must  be  done 
carefully  because  of  the  high  vapor  pressure  of  the  ammoniacal 
reagent.  To  avoid  a  boil-over  of  the  reagent,  stopcock  10  should 
be  used  as  a  rate  cock  by  opening  it  only  slightly  with  the  other 
stopcocks  wide  open.  While  introducing  the  nitrogen,  stopcock 
1 1  is  closed  to  all  three  legs  to  prevent  the  reagent  in  12  from  backing 
into  the  lines.  There  is  no  possibility  of  developing  excessive 
pressure  with  regulator  1  in  the  system.  For  ordinary  purposes 
it  is  easier  to  eliminate  oxygen  by  flushing  the  receivers  with  the 
sample  and  evacuating,  repeating  the  cycle  twice. 

Sample  is  charged  into  receivers  to  a  pressure  of  1000  mm.  of 
mercury.  The  5-gallon  (19-liter)  bottle  is  large  enough  to  handle 
samples  containing  as  little  as  10  parts  of  oxygen  per  million,  in 
which  case  5000  cc.  is  a  suitable  sample  size.  If  the  sample  con¬ 
tains  more  than  1%  and  less  than  5%  oxygen,  it  is  measured  in 
the  buret.  If  it  contains  more  than  5%  it  must  be  diluted  with 
nitrogen  and  sufficient  time  allowed  for  mixing  of  the  gases. 
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Table  III.  Oxygen  Determination  on  Knowns  and  Unknowns  by  Proposed  Method 


Run  No. 

1  2  3 

4 

5  6  7 

8 

9 

10 

Plant 

Plant 

Plant 

Methane  +  Air 

Isobutane  +  Air 

Gas  1 

Gas  2 

Gas  3 

■%  oxygen,  calcd. 

0.0042  0.047  0.019 

0.039 

0.398  0.0009  0.156 

Unknown 

Unknown 

Unknown 

■%  oxygen,  found 

0.0040  0.049  0.017 

0.038 

0.390  0.0008  0.152 

0.175- 

0.0039- 

0.046 

0.177 

0.0035 

Run  No. 

11 

12  13 

14 

15 

16 

Plant  Gas  3  +  0.024%  Os 

Isobutene  +  Air 

Butanes  4*  Air 

■%  oxygen,  calcd. 

0.070 

0.035  0.110 

0.056 

0.009 

0.087 

■%  oxygen,  found 

0.067 

0.038  0.112 

0.054 

0.009 

0.090 

Plant  Gas  1  Plant  Gas  2  Plant  Gas  3 


% 

% 

% 

Methane 

29.6 

Methane 

55.9 

Propene 

4.6 

Ethene 

54.1 

Ethene 

2.7 

Isobutane 

30.3 

Ethane 

0.5 

Ethane 

3.7 

Isobutene 

10.0 

Propene 

13.0 

Propene 

13.4 

1-Butene 

22.7 

Propane 

2.2 

Propane 

5.8 

n-Butane 

25.1 

Isopentane 

0.6 

Isobutane 

9.5 

cis-  +  trans-butene 

6.4 

Butene 

4.9 

Pentane 

0.9 

Butane 

4.1 

minute,  allowed  to  cool,  abou 
1  gram  of  potassium  iodid< 
crystals  added,  and  the  liber 
ated  iodine  titrated  with  0.025 1' 
thiosulfate  using  starch  as  in 
dicator.  A  microburet,  dividec 
in  0.01  cc.  should  be  used  fo 
this  titration. 

Calculations 

1  cc.  of  0.025  N  Na^Oa  =  1.5! 
mg.  of  Cu 

11.36  mg.  of  Cu  =  1  cc.  of  02  a 
760  mm.  and  0°  C. 

1  cc.  of  0.025  N  NajSsOj  =  0.R 
cc.  of  02  at  760  mm.  and  0°  C 

Cc.  of  0.025  N  thiosulfate  X 
_ 0.14  X  100 _ 

cc.  of  sample  at  760  mm.,  0°  C. 


Table  IV.  Effect  of  Time  of  Standing  before  Analysis  on  Oxygen 
Content  of  Isobutene-Air  Blends 


Oxygen  Found 


Oxygen 

After 

After 

After 

Calculated 

1  hour 

24  hours 

48  hours 

% 

% 

% 

% 

0.026 

0.025 

0.019 

0.010 

0.095 

0.093 

0.081 

0.068 

Table  V.  Oxygen  Determinations  on  Methane  Containing 
Interfering  Substances 

Oxygen,  % 


Interfering  Substance,  % 


Present  Found 


Hydrogen  sulfide,  0.2 
Sulfur  dioxide,  0.2 
Methyl  mercaptan,  0.2 


0.026  0.028-0.025 
0.032  0 . 033-0 . 033 
0.060  0.057-0.057 


For  such  samples  corrections  should  be  applied  for  deviations 
from  perfect  gas  laws.  Samples  containing  less  than  1  %  oxygen 
are  taken  directly  out  of  the  receivers  and  measured  by  pressure 
difference. 

The  system  now  being  free  of  oxygen  and  the  copper  ribbon  in 
the  cell  free  of  oxide,  ammonia-ammonium  chloride  reagent  is 
run  from  reservoir  12  into  the  lower  bulb  of  the  reaction  cell 
through  stopcocks  13  and  14  until  it  is  one-third  full,  14  being 
turned  carefully  so  that  no  reagent  enters  the  by-pass.  This 
liquid  serves  to  saturate  the  incoming  sample  with  moisture,  thus 
keeping  the  copper  in  the  cell  wet.  This  is  very  important,  since 
dry  copper  will  not  absorb  oxygen.  The  sample  is  now  passed 
through  the  cell  via  stopcocks  19  and  16,  the  by-pass,  14,  up 
through  the  cell,  and  out  by  15  and  17.  Stopcock  17  should  be 
opened  last  and  only  partially,  to  maintain  a  slight  positive 
pressure  in  the  cell  to  prevent  air  entering  it.  It  should  be  noted 
that  16  must  be  put  into  the  proper  position  before  19  is  opened; 
otherwise,  a  small  portion  of  the  sample  is  trapped  in  the  line 
between  16  and  15.  The  sample  should  pass  through  the  cell  at 
approximately  150  cc.  per  minute  as  indicated  from  the  manom¬ 
eter.  If  the  sample  be  in  the  5-gallon  receiver  under  a  pressure 
of  1000  mm.  of  mercury,  a  drop  of  5  mm.  per  minute  on  the 
manometer  would  be  the  correct  rate.  After  sufficient  sample  has 
passed  through  the  cell,  17  is  closed  while  19  is  opened  to  the  ni¬ 
trogen  supply  and  17  is  partly  opened  again  to  permit  nitrogen  to 
flush  through  the  cell  such  sample  as  remained  in  the  lines.  This 
requires  about  2  minutes.  Stopcock  17  is  then  closed  again  and 
reagent  run  into  the  cell  from  12  by  way  of  13  and  14  against  the 
nitrogen  pressure  above  15,  stopcock  14  being  set  so  no  liquid  can 
enter  the  by-pass.  Sufficient  reagent  is  run  into  the  cell  to  sub¬ 
merge  the  copper  ribbon,  then  13  is  closed  to  all  connecting  lines. 
Nitrogen  is  bubbled  for  5  minutes  upward  through  the  liquid  in 
the  cell  through  19,  16,  the  by-pass,  14,  15,  and  out  through  17, 
which  again  is  opened  last  and  partially.  This  agitation  ensures 
the  presence  of  only  cuprous  oxide  in  the  solution  by  bringing  the 
ammoniacal  cupric  complex  in  contact  with  copper.  The  cell 
washings  are  emptied  into  a  beaker,  and  the  washing  is  repeated 
with  new  portions  of  reagent  until  colorless  by  comparison  with 
fresh  reagent  in  Newsier  tubes  at  a  depth  of  12  cm. 

DETERMINATION  OF  COPPER 


•  %  02  by  volumi 

The  precision  and  accuracy  of  the  proposed  method  are  evi 
dent  from  Table  III.  Olefins  and  diolefins  do  not  interfere 
However,  a  sample  containing  unsaturates  must  be  analyzec 
promptly,  since  oxygen  appears  to  be  consumed  by  the  unsatu 
rates  (Table  IV). 

A  better  indication  of  reaction  between  unsaturated  gas  anc 
oxygen  is  had  in  the  case  of  1,3-butadiene,  to  which  0.2%  oxygei 
in  the  form  of  air  was  added.  After  standing  overnight  no  oxy 
gen  was  found  but  peroxides  were  present  in  the  receiver  thougl 
the  original  gas  contained  none. 

It  is  of  interest  that  acetylene  does  not  consume  oxygen  oi 
standing  under  these  conditions.  Methane  containing  5% 
acetylene  and  0.010%  oxygen  still  showed  0.0099%  after  2- 
hours’  standing. 

Hydrogen  sulfide,  mercaptans,  and  sulfur  dioxide  interfer< 
but  they  are  easily  removed  by  successive  scrubbing  with  aque 
ous  silver  nitrate  and  potassium  hydroxide  pellets,  withon 
affecting  the  oxygen  content  (Table  V).  A  determination  ii 
duplicate  requires  about  one  hour. 

A  raw  plant  gas  consisting  of  C3  and  C4  olefins  and  paraffins 
containing  0.07%  mercaptan  by  analysis,  was  found  to  contaii 
0.035%  oxygen  when  scrubbed  as  described  above.  No  oxygei 
was  found  when  the  gas  was  scrubbed  with  potassium  hydroxidi 
pellets  alone;  in  the  latter  case  mercaptans  had  apparent!} 
consumed  the  oxygen. 
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The  combined  cell  extract  and  washings  are  boiled  until  the 
solution  smells  faintly  of  ammonia  (10).  After  cooling,  it  is  acidi¬ 
fied  (litmus  external  indicator)  with  acetic  acid,  boiled  another 
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rapid  analytical  technique  has  been  developed  for  the  hydrolysis 
cellulosic  materials  to  reducing  sugar  in  nearly  quantitative  yields, 
le  method  involves  treatment  of  the  material  with  72%  sulfuric 
id  for  45  minutes  at  30°  C.  followed  by  a  secondary  hydrolysis 
r  1  hour  in  a  15-pound  autoclave  or  for  4.5  hours  at  the  boiling 
>int.  Data  are  presented  to  show  how  the  yield  of  reducing 
gar  varies  with  the  conditions  used.  A  table  shows  the  "potential 
ducing  sugar"  content  of  1  5  species  of  wood  and  the  variation 
:curring  within  a  species. 

% 

V  EXPERIMENTAL  work  on  the  hydrolysis  of  wood,  it 
is  desirable  to  determine  the  percentage  of  total  sugar  and  of 
rmentable  sugar  potentially  available  in  a  sample  of  wood  or 
/drolyzed  wood  residue.  According  to  existing  techniques, 
ds  can  be  done  by  means  of  a  cellulose  and  a  pentosan  determi- 
ition,  both  comparatively  long  and  slow  operations. 

The  quantitative  saccharification  of  wood  was  investigated  at 
ie  Forest  Products  Laboratory,  in  cooperation  with  the  Office 
Production  Research  and  Development  of  the  War  Production 
oard,  in  an  effort  to  devise  a  rapid  and  convenient  technique 
r  determining  potential  reducing  sugars  as  sugar,  rather  than 
directly  as  cellulose,  or  by  difference  after  a  lignin  determi- 
ition.  A  certain  amount  of  work  has  been  done  in  this  field 
iing  methods  essentially  similar  to  the  Klason,  or  Willstatter, 
*nin  determination  {2,  9)  except  that  the  hydrolyzate  was 
mlyzed  for  reducing  sugar.  Kiesel  and  Semiganovski  ( 1 ) 
ascribe  a  method  for  quantitative  saccharification  using  80% 
dfuric  acid.  Ritter,  Mitchell,  and  Seborg  made  a  study  of 
ctors  affecting  the  conversion  of  an  isolated  wood  cellulose  to 
igar  (5).  The  work  of  earlier  investigators,  too,  showed  that 
gh  yields  of  sugar  are  obtainable  from  cellulosic  materials  (4, 10). 

DESCRIPTION  OF  EXPERIMENTS 

Conditions  for  Hydrolysis  with  Concentrated  Acid. 
he  present  experiments  on  the  quantitative  saccharification 
'  wood  were  undertaken  using,  as  a  basis,  the  sulfuric  acid  lignin 
lalysis.  This  method,  according  to  a  widely  accepted  pro¬ 
cure  (6),  involves  mixing  72%  sulfuric  acid  with  the  cellulosic 
laterial  at  20°  C.  for  2  hours,  diluting  to  3%  acid,  and  hydrolyz- 
ig  at  the  boiling  point  for  4  hours.  The  chief  criterion  for  a 
>rrect  lignin  analysis  is  that  lignin  must  be  obtained  in  minimum 
leld.  Conditions  must  be  severe  enough  to  remove  all  carbo- 
ydrates,  but  not  sufficiently  severe  to  cause  their  recondensation 
ito  insoluble  materials.  Workers  in  the  field  of  lignin  chemistry 
opear  to  be  in  general  agreement  that  a  sulfuric  acid  concentra- 
on  of  72%  is  most  satisfactory  for  lignin  analysis  from  the 
andpoint  of  speed  and  accuracy.  For  this  reason  this  concen- 
ation  of  sulfuric  acid  was  used  for  experiments  on  sacehari- 
cation. 

To  reduce  the  time  required  for  analysis,  it  is  desirable  to  have 
ie  temperature  of  the  72%  sulfuric  acid  as  high  as  is  permissible 
ithout  causing  excessive  decomposition  of  the  cellulosic  material, 
itter,  Seborg,  and  Mitchell  showed  that  the  yield  of  lignin 
;0m  wood  treated  with  72%  sulfuric  acid  for  1  hour  showed  a 
sarly  constant  low  value  when  the  temperature  was  varied 
om  15°  to  30°  C.  ( 6 ).  These  same  workers  reported  that  with 
2-hour  treatment  with  72%  sulfuric  acid,  Cross  and  Bevan 
illulose  showed  a  maximum  yield  of  reducing  sugars  at  35°  C. 
or  these  reasons  it  was  considered  well  to  begin  experiments 
a  saccharification  of  cellulose  using  a  temperature  of  30°  C. 
Conditions  for  Secondary  Hydrolysis.  According  to  the 
arious  methods  of  lignin  analysis  with  strong  acids,  a  secondary 
ydrolysis  is  conducted  at  the  boiling  point  after  dilution  of  the 
rong  acid  with  water.  It  was  thought  that,  by  carrying  out 
fis  secondary  hydrolysis  in  an  autoclave  (sterilizer)  at  6.8-kg. 
L5-pound)  steam  pressure,  the  time  necessary  for  complete 
ydrolysis  could  be  reduced. 

Before  making  this  modification,  however,  a  glucose  solution 
as  made,  in  4%  sulfuric  acid,  of  such  concentration  as  to  be 


similar  to  the  sugar  concentration  present  during  secondary 
hydrolysis.  The  decomposition  of  this  solution  was  determined 
after  heating  for  various  lengths  of  time  at  100°  and  121°  C.  in 
an  autoclave.  To  avoid  changes  in  volume  during  the  treatment, 
the  samples  were  sealed  in  glass  bombs.  After  heating,  the 
samples  were  shaken  with  excess  chalk  and  filtered  and  sugar 
analyses  were  made  by  the  Shaffer  and  Somogyi  method,  using 
their  reagent  50  with  a  30-minute  heating  period.  The  sugar 
concentrations  in  the  original  and  in  the  heated  samples  were 
as  shown  in  Table  I. 

The  data  in  Table  I  indicate  that  sugar  decomposition  in 
solutions  held  at  100°  C.  for  3  hours  was  comparable  to  that  in 
solutions  held  at  121°  C.  for  1  hour.  Although  it  was  difficult 
to  measure  accurately  such  small  changes  in  sugar  concentration, 
Table  I  shows  that  there  was  no  apparent  disadvantage  in  con¬ 
ducting  the  secondary  hydrolysis  in  an  autoclave. 

Yield  of  Reducing  Sugar  from  Wood  and  Other  Cellu¬ 
losic  Materials.  A  series  of  experiments  was  performed  in 
which  5  ml.  of  72%  sulfuric  acid  were  allowed  to  react  at  30°  C. 
for  various  lengths  of  time  with  0.5  gram  of  Douglas  fir  wood, 
ground  to  pass  a  30-mesh  screen.  The  samples  were  then 
diluted  with  different  amounts  of  water  and  autoclaved  at  6.8- 
kg.  (15-pound)  steam  pressure  for  15,  30,  and  60  minutes.  Sugar 
analyses  were  made  after  neutralization  with  chalk. 

From  the  data  in  Table  II,  it  appears  that  there  is  considerable 
latitude  in  the  choice  of  conditions  for  quantitative  sacchari¬ 
fication  of  wood.  High  yields  of  reducing  sugar  occurred  with 
the  following  treatments:  (1)  40-minute  primary  hydrolysis, 
60-minute  secondary  hydrolysis,  with  4%  sulfuric  acid;  (2)  85- 
minute  primary  hydrolysis,  60-minute  secondary  hydrolysis, 
with  4%  sulfuric  acid;  and  (3)  120-minute  primary  hydrolysis, 
60-minute  secondary  hydrolysis,  with  2%  sulfuric  acid. 

Another  experiment  was  conducted  in  an  effort  to  define  more 
precisely  the  conditions  for  quantitative  saccharification  of  wood. 
No  further  work  was  done  on  the  acid  concentration  for  secondary 
hydrolysis,  since  4%  acid  appeared  satisfactory.  A  different 
sample  of  wood  was  used  for  this  experiment.  The  results  are 
given  in  Table  III. 


Table  I.  Sugar  Concentrations  in  Samples  of  Glucose  Determined 
after  Heating  at  100°  and  121°  C.  in  an  Autoclave 


Sample 

Heating 

Sugar 

No. 

Period 

Temperature 

Concentrations 

Min. 

°  C. 

Mg. /ml. 

1 

0 

0 

1.68 

2 

2 

121 

1.58 

3 

8 

121 

1.55 

4 

30 

121 

1.56 

5 

60 

121 

1.54 

6 

0 

100 

1.58 

7 

5 

100 

1.56 

8 

15 

100 

1.56 

9 

60 

100 

1.56 

10 

180 

100 

1.55 

Table  II.  Yield  of  Reducing  Sugar  from  Douglas  Fir  Hydrolyzed 
under  Various  Conditions 


Time  of 

Time  of 

Reducing  Sugar  Yield 

Primary 

Secondary 

1%  acid 

2%  acid 

4%  acid 

Hydrolysis 

Hydrolysis 

for  secondary 

for  secondary 

for  secondary 

at  30°  C. 

at  121°  C. 

hydrolysis 

hydrolysis 

hydrolysis 

Min. 

Min. 

% 

% 

% 

40 

15 

27.7 

39.7 

50.5 

30 

38.8 

51.2 

64.0 

60 

53.0 

63.4 

68.0 

85 

15 

36.9 

45.0 

53.7 

30 

46.0 

56.4 

64.7 

60 

56.4 

65.2 

66.8 

120 

15 

42.3 

48.1 

57.0 

30 

51.9 

59.2 

65.5 

60 

58.0 

68.0 

64.5 
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Table  III.  Reducing  Sugar  Yield  of  Samples  of  Douglas  Fir  Wood 
Subjected  to  Different  Periods  of  Primary  and  Secondary  Hydrolysis 


Primary  Hydrolysis 
at  30°  C.  with  72% 

Secondary  Hydrolysis 

Acid 

with  4%  Acid 

Reducing  Sugar 

Min . 

Min, 

% 

30 

30 

68.3 

60 

68.6 

120 

67.0 

45 

30 

67.9 

60 

68.6 

120 

67.0 

60 

30 

68.7 

60 

68.9 

120 

66.4 

The  accuracy  of  analytical  methods  for  determining  reducing 
sugars  is  such  that  optimum  conditions  cannot  be  precisely  chosen 
from  the  data  in  Table  III.  Primary  hydrolysis  for  45  minutes 
at  30°  C.  and  secondary  hydrolysis  for  60  minutes  at  121°  C. 
appear  to  give  sufficient  latitude  to  ensure  reproducibility  of  the 
results  within  the  limitations  of  the  sugar  analysis.  A  number 
of  analyses  were  made  identical  with  those  described  previously 
except  that  primary  hydrolysis  was  carried  out  at  20°  C.  for  2 
hours,  as  in  the  lignin  analysis  ( 6 ).  The  yield  of  reducing  sugar 
was  found  to  be  the  same  as  that  obtained  using  a  higher  tem¬ 
perature  and  shorter  time. 

This  method  of  saccharification  was  applied  to  extracted  cot¬ 
ton,  to  a  high-alpha  pulp,  and  to  glucose  in  an  effort  to  determine 
how  nearly  quantitative  the  method  was,  and  where  the  chief 
loss  of  glucose  occurred. 

A  glucose  sample  when  given  a  primary  hydrolysis  of  45 
minutes  and  a  secondary  hydrolysis  of  60  minutes  -  showed  a 
“potential  sugar  content”  of  96.9%.  A  similar  sample  that  was 
autoclaved  with  4%  sulfuric  acid  but  was  not  treated  with  72% 
acid  showed  the  presence  of  97.3%  potential  sugar,  which  indi¬ 
cates  that  the  secondary  hydrolysis  is  more  destructive  than  the 
treatment  with  72%  acid.  Several  samples  of  wood  cellulose 
and  extracted  cotton  showed  the  presence  of  105.0  to  108.0% 
of  potential  sugar;  the  theoretical  yield  of  reducing  sugar  from 
pure  cellulose  is  111.1%.  The  sugar  from  cotton  contained  less 
than  1.5%  nonfermentable  reducing  material,  indicating  that 
little  decomposition  and  reversion  had  occurred. 

To  compare  this  technique  with  other  methods,  the  potential 
sugar  present  in  two  samples  of  Douglas  fir  was  determined  by 
the  proposed  method  and  by  a  method  developed  by  Kiesel  and 
Semiganovski  ( 1 )  and  recommended  by  Liters  (3),  in  which 
80%  sulfuric  acid  is  used  for  the  primary  hydrolysis,  and  the 
secondary  hydrolysis  is  conducted  at  the  boiling  point  for  5  hours 
after  dilution  with  15  volumes  of  water.  The  values  obtained 
were  as  follows: 


Sample  I 
Sample  II 


Kiesel  and 
Semiganovski 
Method,  % 

68.3 

64.4 


Proposed 
Method,  % 

71.4 

68.0 


From  these  results  it  is  apparent  that  the  proposed  method 
gives  a  higher  yield  of  sugar  than  the  Kiesel  and  Semiganovski 
method.  While  neither  this  method  nor  any  other  method  for 
the  saccharification  of  cellulose  gives  truly  quantitative  yields 
of  reducing  sugar,  it  is  adequate  for  present  purposes.  If  more 
accuracy  is  required,  an  experimentally  determined  factor  can 
be  used  to  correct  for  the  sugar  decomposed  in  the  process. 


RECOMMENDED  METHOD 

The  method  recommended  for  the  quantitative  saccharifica¬ 
tion  of  cellulosic  materials  is  as  follows: 

The  sample  is  ground  to  pass  a  30-mesh  screen.  It  is  then 
air-dried  to  a  low  moisture  content,  and  the  moisture  is  deter¬ 
mined.  A  quantity  of  the  material  sufficient  to  contain  approxi¬ 
mately  0.35  gram  of  cellulose  is  weighed  into  a  30-ml.  shell  vial, 


and  to  it  are  added  5  ml.  of  72%  sulfuric  acid  that  has  been  cooled 
to  15°  C.  It  is  next  mixed  thoroughly  with  a  stirring  rod  and  put 
in  a  water  bath  at  30°  C.  This  temperature  is  maintained  for 
45  minutes  while  the  mixture  is  stirred  at  5-  or  10-minute  inter¬ 
vals.  Using  wood  it  is  best  to  add  all  the  72%  acid  at  once. 
With  cotton  or  a  pulp  it  is  desirable  to  make  a  homogeneous 
mixture  with  1  ml.  of  72%  acid  and  then  add  the  remaining 
4  ml.  After  a  total  time  of  45  minutes  the  mixture  is  washed  from 
the  vial  into  an  Erlenmeyer  flask  with  140  ml.  of  water.  The 
diluted  solution  is  autoclaved  at  15  pounds’  steam  pressure  for 
1  hour.  At  the  end  of  this  time  the  sample  is  cooled,  diluted  to 
exactly  250  ml.,  neutralized  with  excess  chalk,  filtered,  and 
analyzed  for  sugar  by  the  Shaffer  and  Somogyi  method  (<?). 
While  the  use  of  an  autoclave  is  preferred  for  the  secondary 
hydrolysis,  identical  yields  of  reducing  sugar  have  been  obtained 
by  boiling  for  4.5  hours  at  atmospheric  pressure.  If  desired, 
the  fermentable  sugar  present  can  be  determined  in  the  final 
neutralized  solution  by  the  rapid  yeast  sorption  method  de¬ 
scribed  in  another  report  (7). 


Table  IV. 

Yield  of 

Potential 

Sample 

Reducing 

No. 

Sugar,  % 

1 

71.4 

2 

61.7 

3 

68.3 

4 

68.0 

5 

69.3 

6 

67.3 

7 

68.0 

8 

71.4 

of  Douglas  Fir 


Description  of  Sample 

Young,  rapid  growth,  70%  sapwood 

Old,  slow-growth  heartwood 

Young,  rapid-growth  heartwood 

Heartwood,  1.5-foot  diameter  tree 

Sapwood,  same  tree 

Mixture  of  chipped  wood 

Mixture  of  chipped  wood 

Young,  rapid-growth,  two-thirds  sapwood 


POTENTIAL  REDUCING  SUGAR  CONTENT  OF  WOOD  DETERMINED  BY 
PROPOSED  METHOD 

There  are  wide  variations  in  the  amount  of  sugar  potentially 
available  in  samples  of  wood  of  different  species,  and  even  in 
different  samples  of  the  same  species.  Table  IV  illustrates  the 
differences  occurring  within  a  species.  All  percentages  are  given 
on  an  oven-dry  unextracted  basis. 

In  Table  V  is  shown -the  potential  sugar  in  samples  of  repre¬ 
sentative  hardwoods  and  softwoods.  In  all  tests,  samples  of 
wood  cut  from  three  different  logs  were  ground  together  to 
average  partially  the  differences  within  the  species. 


Table  V.  Yield  of  Potential  Reducing  Sugar  and  Fermentable 
Sugar  from  Representative  Hardwoods  and  Softwoods 

Potential  Fermentability 

Species  Reducing  Sugar  by  Yeast  Sorption 


Hardwoods 

American  beech 

Aspen 

Birch 

Maple 

Red  oak 

Sweetgum 

Yellow  poplar 

Softwoods 
Douglas  fir 
Eastern  white  pine 
Hemlock 
Ponderosa  pine 
Redwood 
Sitka  spruce 
Southern  yellow  pine 
Sugar  pine 


% 

% 

70.1 

75.1 

75.1 

76.3 

69.9 

67.8 

68.2 

71.0 

63.6 

63.0 

66.4 

73.8 

70.9 

76.1 

66.6 

86.2 

66.5 

86.3 

66.1 

88.2 

68.0 

82.2 

52.4 

77.1 

70.1 

85.3 

64.8 

82.0 

64.3 

82.4 

The  data  in  Table  V  are  intended  only  as  a  rough  indication 
of  the  percentage  of  sugar  available  from  the  various  species. 
It  is  obvious  from  the  data  in  Table  IV  that  large  variations 
occur  within  a  species;  hence,  only  large  differences  can  be 
considered  of  significance. 

This  method  for  the  quantitative  saccharification  of  cellulose 
has  been  used  successfully  at  the  Forest  Products  Laboratory  for 
the  past  year  in  the  evaluation  of  material  for  hydrolysis.  It 
is  useful  in  assaying  various  wood  wastes,  such  as  sawdust, 
shavings,  bark,  and  slabs,  for  their  potential  carbohydrate  con¬ 
tent.  The  yield  of  sugar  obtained  by  dilute  acid  hydrolysis  will 
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Ljry ,  depending  on  the  conditions  employed,  but  under  the  same 
« aditions  there  is  good  correlation  between  the  relative  amounts 
i  sugar  obtained  from  different  woods  by  the  two  methods. 
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Rapid  Volumetric  Method  for  Aluminum 

L.  J.  SNYDER,  Ethyl  Corporation,  Baton  Rouge,  La. 


,  rapid  and  accurate  procedure  is  described  for  the  determination  of 
nminum  in  the  presence  of  1  to  10%  of  impurities  such  as  calcium, 
rpper,  chromium,  iron,  magnesium,  manganese,  and  zinc.  Experi- 
i:ntal  data  are  presented  showing  the  accuracy  and  the  effects  of 
i  purities  commonly  associated  with  aluminum.  Five  to  10  min¬ 
us’  time  is  required  per  analysis. 


ERETOFORE,  it  has  been  common  practice  to  determine 
aluminum  by  precipitation  as  the  hydrous  oxide  followed 
1  ignition  to  constant  weight.  This  procedure  is  time-consum- 
i  c  and  of  such  doubtful  accuracy  that  materials  high  in  alumi- 
l  m  content  are  analyzed  by  determining  the  other  components 
i  d  calculating  aluminum  by  difference.  However,  when  the 
i  purities  are  present  to  the  extent  of  only  a  few  per  cent  and  an 
i  say  of  the  impurities  is  not  required,  a  direct,  rapid,  and  accu¬ 
se  volumetric  method  is  desirable. 

The  use  of  potassium  fluoride  in  the  acidimetric  determination 
i  aluminum  has  been  studied  by  a  number  of  investigators 
i-0).  The  method  described  by  Viebock  and  Brecher  (6) 
s  pears  to  have  the  widest  application.  Their  procedure  con- 
i  ts  of  neutralizing  the  aluminum  solution  with  sodium  hydroxide 
:  the  presence  of  sodium  potassium  tartrate  to  the  phenol- 
;  thalein  end  point,  adding  neutral  potassium  fluoride,  and 

•  rating  the  liberated  potassium  hydroxide  as  a  measure  of  the 
nminum  present.  This  reaction  does  not  proceed  stoichio- 
1  jtrically,  the  end  point  appearing  about  10%  before  the  equiva- 
lice  point. 

Aluminum  hydroxide,  formed  by  the  neutralization  of  a  solu- 
>n  of  an  aluminum  salt  to  the  phenolphthalein  end  point,  re- 

•  ts  with  potassium  fluoride  to  form  the  neutral  salt,  A1F3.3KF, 
d  liberates  3  moles  of  potassium  hydroxide  permoleof  aluminum 
esent.  This  reaction  is  slow  even  with  heating  ( 5 ) ,  but  in  the 
esence  of  sodium  potassium  tartrate  it  is  practically  instan- 
neous  ( 2 ) .  The  acid  used  to  titrate  the  liberated  base  is  a  direct 
sasure  of  the  aluminum  present.  The  following  are  the  re- 
tions  for  the  neutralization  of  the  aluminum  ion  and  the 
leration  of  the  base  by  the  potassium  fluoride: 

A1+++  +  30H-  — Al(OH)s 
Al(OH),  +  6KF  AlFj.3KF  +  3KOH 

• 

The  purpose  of  this  paper  is  to  show  that  the  reaction  between 
uminum  hydroxide  and  potassium  fluoride  in  the  presence  of 
dium  potassium  tartrate,  with  certain  modifications  of  pre- 
ous  procedures,  can  be  used  for  the  quantitative  determina- 
m  of  aluminum  in  the  presence  of  small  quantities  of  some  of 
e  usually  interfering  ions. 

EXPERIMENTAL 

Reagents.  All  chemicals  used  were  of  Baker’s  c.p.  quality 
ith  no  further  purification. 


Barium  hydroxide,  saturated  solution. 

Hydrochloric  acid,  0.3  N  solution  standardized  with  reference 
to  a  known  aluminum  chloride  solution. 

Standard  aluminum  chloride  solution,  0.3  N.  Weigh  ac¬ 
curately  2.5  to  2.7  grams  of  pure  aluminum  wire  (Baker’s  c.p., 
99.99%)  and  dissolve  in  200  ml.  of  approximately  1  N  carbonate- 
free  sodium  hydroxide,  make  the  solution  just  acidic  with 
hydrochloric  acid  (1  to  1),  and  boil  slowly  to  expel  carbon  dioxide 
before  diluting  to  1  liter.  Use  aliquots  of  the  standard  solution 
to  standardize  the  hydrochloric  acid  by  the  procedure  described 
below. 

Sodium  potassium  tartrate,  30%  solution. 

Potassium  fluoride  (KF.2H20),  30%  solution,  neutral  to  phenol¬ 
phthalein  and  stored  in  a  wax-lined  bottle. 

Procedure.  To  the  aluminum  chloride  solution  free  of  am¬ 
monium  ion  and  other  interfering  substances  and  containing 
25  to  130  mg.  of  aluminum,  add  standard  barium  hydroxide 
solution  until  the  free  acid  is  neutralized  as  indicated  by  a  slight 
precipitate  of  aluminum  hydroxide.  Introduce  30  ml.  of  the 
sodium  potassium  tartrate  solution  and  continue  the  titration 
to  the  phenolphthalein  end  point.  Add  30  ml.  of  neutral  (to 
phenolphthalein)  potassium  fluoride  solution  and  titrate  the 
liberated  base  with  0.3  N  hydrochloric  acid  to  the  disappearance 
of  the  red  color.  The  end  point  is  considered  permanent  when 
the  color  does  not  return  after  30  seconds.  The  standard  hydro¬ 
chloric  acid  used  to  titrate  the  liberated  base  is  equivalent  to  the 
aluminum  present. 

Tests  on  Known  Solutions.  The  reliability  of  the  method 
was  determined  by  analyzing  known  aluminum  chloride  samples, 
prepared  by  dissolving  pure  aluminum  wire  in  1  A  sodium  hy¬ 
droxide  (carbonate-free).  The  sodium  aluminate  was  then 
made  slightly  acidic  with  dilute  hydrochloric  acid  and  the  solu¬ 
tion  diluted  to  a  known  volume.  Aliquots  were  withdrawn 
and  the  aluminum  was  determined  by  the  procedure  described. 
The  accuracy  was  found  to  be  ^O.l  mg.  Data  showing  the 
analysis  of  known  solutions  are  presented  in  Table  I. 


Table  I.  Analysis  of  Known  Aluminum  Solutions 


A1  Added 

A1  Found 

Difference 

Gram 

Gram 

Gram 

0.1282 

0.1282 

0 . 0000 

0  1026 

0.1025 

-0.0001 

0.0769 

0.0768 

-0.0001 

0  0513 

0.0512 

-0.0001 

0.0256 

0.0256 

0.0000 

0.1236 

0.1237 

+  0.0001 

0.1236 

0 . 1237 

+  0.0001 

0.1236 

0.1235 

-0.0001 

0.1236 

0.1238 

+  0  0002 

0.1236 

0.1235 

-0.0001 

0.1236 

0.1235 

-0.0001 

Mean  of  difference 

0.0001 

Analysis  of  Aluminum  in  Presence  of  Interfering  Sub¬ 
stances.  The  effect  of  impurities  was  determined  by  adding 
the  ions  in  three  concentrations  to  solutions  containing  known 
amounts  of  aluminum  and  then  analyzing  the  solutions  for  alumi¬ 
num  (mole  ratios  of  aluminum  to  impurity  were  2,  10,  and  100). 
At  an  aluminum-impurity  ratio  of  100,  only  phosphate,  sulfate, 
and  silicate  interfered,  while  calcium,  chloride,  carbonate,  chro¬ 
mium,  copper,  iron,  magnesium,  manganese,  and  zinc  did  not 
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interfere.  Sulfate  caused  high  results,  of  the  order  of  1%,  and 
silicates  caused  very  high  results.  At  a  mole  ratio  of  2,  all  the 
ions  tested  interfered  except  sodium,  potassium,  carbonate,  and 
chloride  (Table  II). 


Table  II.  Effect  of  Interfering  Substances 

Impurity  Mole  Ratio, 


Added 

Al-Impurity 

A1  Present 

A1  Found 

Difference 

Gram 

Gram 

Gram 

NaCla 

2 

0.1501 

0.1503 

+  0.0002 

KC1“ 

2 

0.1501 

0.1502 

+0.0001 

Na2C03“ 

2 

0.1455 

0.1454 

-0.0001 

ZnCls 

2 

0.1501 

0.1486 

-0.0015 

10 

0.1501 

0.1500 

-0.0001 

100 

0.1501 

0.1501 

0.0000 

CaClj 

2 

0.1501 

0.1488 

-0.0013 

10 

0.1501 

0.1503 

+  0.0002 

100 

0.1501 

0.1502 

+  0.0001 

CuClj 

2 

0.1489 

0.1467 

-0.0022 

10 

0.1489 

0.1489 

0.0000 

100 

0.1489 

0.1489 

0.0000 

MgCh 

2 

0.1497 

0.1463 

-0.0034 

10 

0.1497 

0.1488 

-0.0009 

100 

0.1497 

0.1495 

-0.0002 

Fe(NOj)s 

2 

0.1489 

0.1553 

-0.0064 

10 

0.1236 

0.1269 

+  0.0033 

100 

0.1236 

0.1236 

0 . 0000 

MnCls 

2 

End  point  obscured  by  color  of  Mn 

10 

100 

0.1501 

0.1500 

+  0.0001 

CrCls 

2 

0.1489 

0.1358 

-0.0131 

10 

0.1489 

0.1447 

-0.0042 

100 

0.1489 

0.1487 

-0.0002 

NaiPQi 

2 

0.1501 

0  .•1015 

-0.0486 

10 

0.1501 

0.1406 

-0.0096 

100 

0.1501 

0.1496 

-0.0005 

NasSOi 

2 

0.1489 

0.1504 

+  0.0015 

10 

0.1489 

0.1504 

+  0.0015 

100 

0.1489 

0.1503 

+  0.0013 

NajSiOt 

2 

0.1489 

0.1919 

+•0.0570 

10 

0.1489 

0.1641 

+  0.0152 

100 

0.1489 

0.1639 

+  0.0150 

a  Assumed  that  no  interference  would  occur  in  low  concentration  if  high 
concentration  did  not  interfere. 


The  neutralization  of  the  aluminum  chloride  to  the  phenol- 
phthalein  end  point  must  be  done  with  barium  hydroxide  solu¬ 
tion.  Ammonium  hydroxide  or  ammonium  salts  buffer  the  solu¬ 
tion  to  the  extent  that  the  end  point  cannot  be  quantitatively 
distinguished.  If  sodium  or  potassium  hydroxide  solution  is 
used,  the  end  point  is  not  so  sharp  as  when  barium  hydroxide  is 
used  and  lower  results  are  obtained,  as  shown  in  Table  III. 
These  results  were  found  to  support  the  statement  made  by 
Viebock  and  Brecher  (6),  that  the  end  point  appeared  about  10% 
before  the  equivalence  point.  The  reason  for  obtaining  low 
results  with  sodium  hydroxide  is  not  evident  and  was  not  in¬ 
vestigated. 


Table  III.  Neutralization  of  Aluminum  Chloride  with  Barium 
Hydroxide  and  Sodium  Hydroxide 


A1  Added 

A1  Found 

Difference 

Gram 

Gram 

Gram 

Neutralization  with  Ba(OH)i 

0.1244 

0.1244 

0.1244 

0.1244 

0.1243 

0.1244 

0.0000 

-0.0001 

0.0000 

Neutralization  with  NaOH 
(carbonate-free) 

0.1244 

0  1244 
0.1244 

0.1159 

0.1163 

0.1143 

-0.0085 

-0.0081 

-0.0101 

The  hydrochloric  acid  must  be  standardized  against  a  known 
aluminum  sample  to  obtain  quantitative  results.  When  the 
hydrochloric  acid  is  compared  with  standard  alkali  previously 
standardized  with  potassium  biphthalate,  the  aluminum  analysis 
was  found  to  be  consistently  low,  as  shown  in  Table  IV.  The 
same  result  may  be  obtained  by  increasing  by  0.8%  the  nor¬ 
mality  obtained  by  standardizing  against  primary  standards. 

Phenolphthalein  was  found  to  be  a  suitable  indicator.  When 
either  phenol  red  or  m-cresol  purple  was  used  in  the  neutraliza¬ 


tion  of  the  potassium  fluoride  solution,  the  change  in  pH  per  drc 
of  standard  base  was  so  small  that  a  satisfactory  neutralizatii 
could  not  be  made.  However,  when  using  phenolphthalein 
sharp  change  was  obtained  with  the  addition  of  only  one  drop 
acid. 

DISCUSSION 

In  the  titration  of  the  liberated  hydroxide  with  standard  aci 
the  end  point  fades  the  first  time  it  appears  and  then  becom 
permanent  with  the  addition  of  a  few  drops  of  acid.  This 
probably  due  to  the  fact  that  the  aluminum  potassium  fluori< 
precipitates  from  a  basic  solution  and  adsorbs  some  of  the  ba 
which  is  desorbed  near  the  end  point.  This  effect  may  be  min 
mized  by  adding  an  excess  of  standard  acid,  shaking  well,  at 
back-titrating  with  standard  barium  hydroxide. 

A  serious  error  is  possible  if  the  sodium  potassium  tartrate 
added  to  a  strongly  acid  solution  of  the  aluminum  salt.  T1 
tartrate  forms  highly  insoluble  potassium  acid  tartrate  whi< 
precipitates  immediately.  The  precipitate  is  acid  in  natu 
and  redissolves  slowly,  resulting  in  a  fading  end  point  to  phene 
phthalein.  The  precipitation  of  potassium  acid  tartrate 
avoided  by  the  addition  of  sodium  potassium  tartrate  to  tl 
solution  only  after  most  of  the  free  acid  has  been  neutralize! 
This  procedure  will  always  give  a  clear,  pink  permanent  pheno 
phthalein  end  point.  If  a  precipitate  of  potassium  acid  tartrai 
forms,  it  may  be  dissolved  by  making  the  solution  alkaline  with 
1-  to  2-ml.  excess  of  barium  hydroxide,  heating  to  60°  to  70°  ( 
until  all  the  precipitate  dissolves,  and  adjusting  the  solution  t 
the  phenolphthalein  end  point  before  adding  the  fluoride. 

Theoretically,  6  moles  of  potassium  fluoride  are  necessary  1 
react  with  1  mole  of  aluminum.  This  quantity  is  not  enougl 
as  the  reaction  does  not  go  to  completion  and  low  results  are  ol 
tained.  The  use  of  at  least  twice  the  theoretical  amount  < 
fluoride  is  recommended. 


Table  IV.  Analysis  ol  Known  Solutions  with  Hydrochloric  Aci 
Standardized  with  Reference  to  Potassium  Biphthalate 


AI  Added 

Al  Found 

Difference 

Gram 

Gram 

Gram 

% 

0.1282 

0.1272 

-0.0010 

0.8 

0.1026 

0.1017 

-0.0009 

0.8 

0.0769 

0.0762 

-0.0007 

0.9 

0.0513 

0.0509 

-0.0004 

0.8 

0.0256 

0.0254 

-0.0002 

0.8 

The  analysis  may  be  applied  to  the  simultaneous  determini 
tion  of  free  acid  and  an  aluminum  salt  by  adding  neutral  sodiui 
potassium  tartrate,  and  neutralizing  the  free  acid  and  alumirun 
salt  with  barium  hydroxide  to  the  phenolphthalein  end  poin 
which  is  a  measure  of  the  total  acid  plus  aluminum  salt.  Tb 
subsequent  titration  of  the  liberated  potassium  hydroxide,  afte 
the  addition  of  potassium  fluoride,  with  hydrochloric  acid  is 
measure  of  the  aluminum  and  the  difference  between  the  equiva 
lents  of  acid  and  base  used  is  a  measure  of  the  free  acid. 
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volumetric  oxalate-permanganate  procedure  is  described  which 
:rmits  the  direct  determination  of  calcium  in  the  presence  of 
lounts  of  silica,  iron,  aluminum,  magnesium,  and  phosphate,  that 
s  equal  to  or  somewhat  greater  than  the  amount  of  calcium,  and 
o  in  the  presence  of  small  amounts  of  titanium  and  manganese, 
e  procedure  employs  only  a  single  precipitation  of  calcium 
alate  from  acidic  medium,  duplicate  determinations  can  be 
mpleted  within  two  hours,  and  the  accuracy  compares  very  favor- 
ly  with  the  more  laborious  classical  methods  which  require  the 
ior  removal  of  most  of  the  above  elements. 

"HE  principle  of  precipitating  calcium  oxalate  from  a  slightly 
acid  solution,  originated  by  Richards,  McCaffrey,  and 
sbee  (4)  for  separating  calcium  from  magnesium,  has  been 
lployed  by  several  authors  for  determining  calcium  in  the 
esence  of  iron,  aluminum,  phosphorus,  and  other  elements 
th  which  it  is  commonly  associated.  The  most  recent  and 
stematic  study  of  the  determination  of  calcium  under  these 
nditions  was  carried  out  by  McComas  and  Rieman  (3),  who 
hieved  a  fairly  accurate  determination  in  the  presence  of 
oderately  large  amounts  of  magnesium,  iron,  aluminum,  and 
losphate  by  a  single  precipitation  of  calcium  oxalate  at  a  pH 
about  3.7.  Instead  of  employing  the  procedure  of  Richards 
al.,  whereby  the  precipitation  is  effected  by  starting  with  a 
rongly  acid  solution  and  slowly  neutralizing  with  ammonia, 
cComas  and  Rieman  precipitated  the  calcium  oxalate  directly 
r  adding  oxalic  acid  solution  to  the  calcium  solution  acidified 
ith  formic  acid  (initial  pH  about  1.5  to  2.0),  and  finally  buffering 
ith  ammonium  formate  to  a  pH  of  about  3.7. 

In  the  procedure  herein  described  the  precipitation  technique 
Richards  et  al.  has  been  retained.  The  present  method  is  as 
pid  and  convenient,  more  accurate,  and  less  sensitive  to  inter- 
rence  by  iron  and  phosphate,  than  the  procedure  of  McComas 
id  Rieman. 

EXPERIMENTAL  PROCEDURE 

A  finely  ground  sample  of  a  dolomitic  limestone  was  used  as 
source  of  calcium  in  most  of  the  experiments.  This  material 
id  been  used  as  an  “unknown”  for  several  years  in  a  course 
quantitative  analysis,  during  which  time  it  had  been  analyzed 
!  r  silica,  R2O3,  calcium  oxide,  and  magnesium  oxide  by  a  number 
1  different  students  with  closely  agreeing  results.  In  these 
lalyses  the  classical  procedure  of  separating  silica  and  R2O3 
as  followed,  and  calcium  was  determined  in  the  filtrate  from  the 
nmonia  precipitate  by  the  gravimetric  calcium  oxalate  to 
ilcium  oxide  method.  A  single  precipitation  of  calcium  oxalate 
as  employed,  starting  with  a  strongly  acid  solution  and  pre- 
pitating  by  the  slow  addition  of  ammonia  according  to  essen- 
ally  the  same  procedure  as  that  recommended  by  Richards, 
IcCaffrey,  and  Bisbee  (4).  The  average  of  the  values  of  seven- 
•en  students  (each  of  whom  had  run  several  replicate  determi- 
itions)  was  30.68%  calcium  oxide  with  an  average  deviation 
om  the  mean  of  ±0.07%  calcium  oxide  or  about  2  parts  per 
)00.  This  sample  also  contained  0.71%  silica,  0.24%  R2O3, 
id  21.41%  magnesium  oxide. 

In  all  cases  a  0.4000-gram  sample  of  the  dolomite  (corre- 
londing  to  122.7  mg.  of  calcium  oxide)  was  weighed  into  a  250- 
s.  wide-mouthed  Erlenmeyer  flask,  treated  with  about  5  cc.  of 
ater  and  10  cc.  of  concentrated  (12  N)  hydrochloric  acid,  and 
armed  on  the  steam  bath  for  a  few  minutes  until  decomposition 
as  complete.  The  solution  was  then  diluted  to  about  50  cc. 
ad  heated  almost  to  boiling.  About  100  cc.  of  a  hot  (90°) 


ammonium  oxalate  solution  containing  5  grams  of  ammonium 
oxalate  monohydrate  were  then  filtered  into  the  solution  through 
a  paper  filter.  A  few  drops  of  0.1%  methyl  orange  indicator 
were  added,  and  the  calcium  oxalate  was  precipitated  (at  an 
initial  temperature  of  about  80°  C.)  by  dropwise  addition  of 
1  to  1  ammonia  over  a  period  of  5  to  10  minutes  with  continuous 
and  thorough  mixing  of  the  solution  by  swirling.  The  neutrali¬ 
zation  was  stopped  at  a  pH  of  4.0  ±  0.3,  corresponding  to  a 
pinkish  yellow  color  of  the  methyl  orange. 

The  proper  color  of  the  indicator  can  be  decided  easily  by 
comparison  with  an  equal  volume  of  0.1  molar  potassium  hy¬ 
drogen  phthalate  (pH  =  4.0)  containing  the  same  quantity  of 
indicator.  The  exact  pH  is  not  very  critical,  provided  that  it 
is  between  about  3.5  and  4.5. 

The  solutions  were  allowed  to  stand  undisturbed  for  only  20 
to  30  minutes  before  filtration.  The  results  obtained  prove  that 
precipitation  of  the  calcium  oxalate  is  complete  within  this 
time;  longer  digestion  is  unnecessary,  and  as  Kolthoff  and 
Sandell  have  shown  (£),  it  encourages  postprecipitation  of 
magnesium. 

The  calcium  oxalate  was  filtered  off  onto  a  Gooch  crucible  with 
an  asbestos  mat,  and  the  precipitation  flask  and  precipitate  were 
washed  thoroughly  with  eight  to  ten  small  portions  of  very  cold 
water.  Because  of  the  appreciable  solubility  of  calcium  oxalate 
(0.7  mg.  per  100  cc.  of  water  at  25°)  the  total  volume  of  wash 
water  should  be  kept  as  small  as  possible  (not  over  about  100 
cc.)  and  it  should  be  ice  cold. 

The  outside  of  the  filtering  crucible  was  washed  off  and  the 
crucible  was  transferred  back  to  the  original  precipitation  flask. 
About  100  cc.  of  water  and  5  to  6  cc.  of  concentrated  (36  N) 
sulfuric  acid  were  added,  and  the  solution  was  heated  to  about 
90°  and  titrated  with  0.1  N  permanganate.  The  usual  pre¬ 
caution  of  waiting  until  the  first  two  or  three  drops  of  permanga¬ 
nate  were  completely  reduced  before  proceeding  with  the  titration 
was  followed,  and  the  temperature  at  the  end  of  the  titration 
was  kept  above  about  60°. 

The  permanganate  solution  was  standardized  under  exactly 
the  same  conditions,  andtat  frequent  intervals,  against  Mallin- 
ckrodt's  Primary  Standard  sodium  oxalate  dried  at  110°.  The 
weight  of  sodium  oxalate  used  (0.3000  gram)  was  such  that  the 
volume  of  permanganate  required  in  the  standardizations  was 
within  2  cc.  of  that  required  in  the  determinations,  and  hence 
a  blank  correction  for  the  small  volume  of  permanganate  required 
to  produce  the  end-point  coloration  was  unnecessary.  The 
volume  of  permanganate  used  in  each  titration  was  about  48  cc., 
and  the  agreement  of  replicate  titrations  was  somewhat  better 
than  one  part  per  thousand.  The  titration  procedure  of  Fowler 
and  Bright  ( 1 )  would  doubtless  be  equally  satisfactory. 

The  various  metals  were  added  in  the  form  of  their  chlorides, 
and  phosphate  was  added  as  ammonium  dihydrogen  phosphate, 
immediately  after  solution  of  the  dolomite  samples  in  hydro¬ 
chloric  acid.  All  materials  were  of  analytical  reagent  quality. 
The  author  is  indebted  to  George  S.  Forbes  for  supplying  a  sample 
of  pure  titanic  chloride,  which  served  as  the  source  of  titanium. 


RESULTS  AND  DISCUSSION 

The  reliability  of  the  foregoing  procedure  was  first  tested  by 
determining  calcium  oxide  in  two  Bureau  of  Standards  standard 
samples  of  limestones. 

One  of  these  was  dolomite  No.  88  with  a  certified  percentage 
composition  as  follows:  CaO  30.49,  MgO  21.48,  Si02  0.31,  A1203 
0.07,  Fe203  0.08,  Na20  0.08,  K20  0.03,  C02  47.25,  Ti02  0.005, 
P2O5  0.003,  S03  0.035,  S  0.013,  MnO  0.006,  SrO  <0.01,  and  C 
0.08.  The  other  was  argillaceous  limestone  No.  la  with  a  certi¬ 
fied  percentage  composition  that  included:  CaO  41.32,  MgO 
2.19,  Si02  14.11,  Fe203  1.63,  A1203  4.16,  Ti02  0.16,  MnO  0.04, 
SrO  0.12,  P206  0.15,  Na20  0.39,  K20  0.71,  S  0.25,  S03  0.04,  C 
0.61,  and  C02  33.53.  The  results  obtained  are  shown  in  Table  I. 
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Table  I.  Determination  of  Calcium  in  Bureau  of  Standards  Limestone 


Samples 

CaO, 

Per  Cent 

Sample 

Present 

Found 

Dolomite  88 

30.49 

30.54 

30.52 

Limestone  la 

41.32 

41.21 

41.31 

41.21 

The  average  percentage  of  calcium  oxide  found  in  dolomite  88 
is  seen  to  be  in  excellent  agreement  (1.3  parts  per  1000)  with  the 
bureau’s  value.  The  method  of  analysis  on  which  the  bureau’s 
value  is  based  involved  a  quadruple  precipitation  of  the  calcium 
oxalate  from  ammoniacal  solution  followed  by  ignition  to  the 
oxide,  a  procedure  which  probably  requires  10  hours  or  longer, 
whereas  duplicate  determinations  by  the  present  method  can  be 
completed  easily  within  2  hours.  The  value  obtained  by  Mc- 
Comas  and  Rieman  ( 3 )  on  this  same  limestone  was  30.30%,  or 
6  parts  per  thousand  lower  than  the  bureau’s  value. 

Since  limestone  la  contains  a  considerable  amount  of  organic 
matter  (0.61%  carbon),  and  also  to  render  more  easily  soluble 
in  hydrochloric  acid  any  calcium  present  in  the  siliceous  com¬ 
ponents  of  the  material,  weighed  samples  were  ignited  for  a  few 
minutes  in  a  platinum  crucible  over  a  blast  lamp  before  being 
analyzed.  No  flux  was  employed.  The  ignited  residue  was 
decomposed  by  warming  with  10  cc.  of  concentrated  hydro¬ 
chloric  acid  for  a  few  minutes,  and  the  solution  was  then  diluted 
to  about  50  cc.  and  calcium  was  determined  by  the  foregoing 
procedure  without  removing  silica. 

From  Table  I  it  is  seen  that  the  average  of  the  triplicate  deter¬ 
minations  (41.25%)  agrees  to  within  2  parts  per  1000  with  the 
bureau’s  value,  which  is  based  on  results  obtained  by  seven 
analysts  whose  individual  results  range  from  41.19  to  41.50,  with 
an  average  of  41.32  =*=  0.10.  The  slight  difference  between  the 
average  result  by  the  present  method  and  the  bureau’s  value  is 
well  within  the  probable  uncertainty  in  the  latter. 

Using  Bureau  of  Standards  limestone  No.  1  (very  similar  to 
No.  la)  McComas  and  Rieman  (3)  obtained  an  average  result 
that  was  13  parts  per  1000  lower  than  the  bureau’s  value  when 
no  flux  was  used  during  the  preliminary  ignition,  and  6  parts 
per  thousand  high  when  an  amount  of  sodium  carbonate  equal 
to  only  half  the  sample  weight  was  used  as  a  flux. 

There  is  no  denying  the  fact  that  the  present  method  is  partially 
indebted  to  a  compensation  of  small  errors  for  its  excellent 
performance,  but  on  the  other  hand  the  classical  gravimetric 
procedure  is  not  exempt  from  the  same  criticism. 

To  determine  the  effect  of  larger  amounts  of  iron,  aluminum, 
titanium,  manganese,  and  phosphate,  the  series  of  duplicate 
determinations  shown  in  Table  II  was  Tun  with  the  dolomite 
sample  described  under  Experimental  Procedure.  Following 
usual  custom,  the  amounts  of  the  'various  substances  added  are 
expressed  in  terms  of  their  oxides. 

The  results  of  the  first  two  determinations  without  any  addi¬ 
tions  are  in  excellent  agreement  with  the  value  obtained  by  the 
gravimetric  method  according  to  the  procedure  of  Richards 
et  al.  (4),  the  average  difference  being  only  1  part  per  thousand. 

Determinations  3  to  6  demonstrate  that  amounts  of  iron  and 
aluminum  up  to  100  mg.  each  of  their  oxides  have  no  detectable 
influence.  In  the  presence  of  between  30  and  140  mg.  of  iron 
as  the  oxide,  the  McComas  and  Rieman  procedure  showed  a 
uniform  positive  error  of  5.5  parts  per  thousand  (3).  With 
200  mg.  each  of  iron  and  aluminum  oxides  (determinations  7  and 
8)  the  results  by  the  present  method  are  also  high  to  the  extent 
of  about  5  parts  per  thousand.  However,  these  are  much  larger 
amounts  of  iron  and  aluminum  than  would  ordinarily  be  present. 

Determinations  9  and  10  show  that  phosphate  corresponding  to 
500  mg.  of  phosphorus  pentoxide,  and  probably  even  much  more, 
does  not  affect  the  results.  With  only  140  mg.  of  phosphate  as 


phosphorus  pentoxide  the  McComas  and  Rieman  method  ga 
a  negative  error  of  6.5  parts  per  thousand  when  the  calcii 
oxalate  was  titrated  with  permanganate  (3). 

Even  with  only  10  mg.  of  manganous  oxide  present  the  resu 
are  10  parts  per  thousand  high,  and  it  is  evident  that  no  mi 
than  about  2  mg.  of  manganese  is  permissible  if  an  accun 
determination  is  desired.  The  small  amount  of  mangam 
present  in  limestones  and  cement  products  seldom  exceeds  t 
permissible  limit.  In  determinations  15  and  16  2  grams 
citric  acid  were  added  before  precipitation  of  the  calcium  oxala 
in  the  hope  that  it  would  form  a  sufficiently  stable  complex  w: 
the  manganese  to  prevent  the  coprecipitation  of  the  latter,  l 
actually  this  increased  rather  than  diminished  the  coprecipitati 
of  manganese.  It  will  also  be  noted  that  the  amount  of  me 
ganese  coprecipitated  is  not  proportional  to  the  total  amou 
present,  but  is  relatively  greater  the  smaller  the  amount  of  ms 
ganese  present.  This  throws  some  light  on  the  familiar  difficul 
of  completely  removing  manganese  from  calcium  oxalate  by  i 
peated  precipitations. 

The  coprecipitation  of  titanium  is  only  about  a  third  as  gre 
as  that  of  manganese.  As  in  the  case  of  manganese,  the  amou 
of  titanium  coprecipitated  is  relatively  larger  the  smaller  t 
total  amount  present.  McComas  and  Rieman  (3)  found 
positive  error  of  10  parts  per  thousand  with  5.6  mg.  of  titanii 
dioxide  present,  whereas  the  data  in  Table  II  indicate  that  tl 
amount  of  titanium  would  cause  an  error  of  only  2  or  3  pa: 
per  thousand  in  the  present  method.  Although  titanium  is  prs 
tically  always  present  in  calcareous  materials,  its  amount  seld< 
is  greater  than  1  or  2%  of  the  amount  of  calcium  oxide  presei 
and  usually  is  considerably  less,  and  it  is  evident  that  this  sm 
amount  will  not  cause  any  significant  error. 

When  phosphate  is  present  with  titanium  the  latter  precipitai 
as  white,  gelatinous  titanic  phosphate,  which  is  very  insolul 
even  in  a  strongly  acid  solution.  It  was  thought  that  the  p; 
cipitation  of  titanic  phosphate  might  eliminate  the  high  resu 
in  the  presence  of  titanium,  and  determinations  21  and  22  w( 
performed  to  test  this  point.  The  phosphate  was  added  as 
solution  of  0.80  gram  of  ammonium  dihydrogen  phosphate 
20  cc.  of  water  to  the  strongly  acid  solution  of  the  dolom 


Table  II.  Volumetric  Determination  of  Calcium  in  the  Presence 
Various  Substances 

(In  all  experiments  122.7  mg.  of  calcium  oxide  were  present  as  a  0.40 
gram  sample  of  dolomite  containing  30.68%  CaO,  21.41%  MgO,  0.7: 
Si02,  and  0.24%  R203.) 


No. 

FeaOj 

Substances  Added,  Mg. 
AI2O3  P2O5  MnO 

TiOj 

CaO 

Found, 

Mg. 

Error, 
Parts  p( 
Thousan 

1 

122.5 

-0.2 

2 

122.8 

+  0.1 

3 

50 

50  . 

122.5 

-0.2 

4 

122.5 

-0.2 

5 

100 

100  . 

122.5 

-0.2 

6 

122.4 

-0.2 

7 

200 

200  . 

123.3 

+0.5 

8 

. 

123.4 

+  0.6 

9 

100 

100  500 

122.4 

-0.3 

10 

...  ...  ,  . . 

122.6 

-0.1 

11 

.  10 

123.9 

+  1.0 

12 

123.8 

+  1.0 

13 

.  50 

126.2 

+2.9 

14 

126.4 

+3.0 

15 

.  50° 

128.3 

+4.6 

16 

129.6 

+5.6 

17 

35 

123.9 

+  1.0 

18 

124.0 

+  1.1 

19 

175 

125.5 

+2.3 

20 

125.7 

+2.5 

21 

500 

70 

123.9 

+1.0 

22 

124.0 

+  1.1 

0  2  grams  of  citric  acid  present. 
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Ij.taining  70  mg.  of  titanic  oxide.  By  comparing  determina- 
is  17  and  18  with  21  and  22  it  is  seen  that  the  precipitation  of 
nic  phosphate  does  not  eliminate  the  titanium  error,  although 
error  with  70  mg.  of  titanic  oxide  in  the  presence  of  excess 
isphate  is  no  greater  than  with  only  35  mg.  of  titanium  in  the 
ence  of  phosphate. 

t  is  evident  that  the  simplified  procedure  is  applicable  to  the 
ilysis  of  a  variety  of  calcareous  materials,  including  lime- 
nes,  Portland-type  cements,  phosphate  rocks,  and  similar 
'ducts,  and  it  is  capable  of  yielding  results  that  rival  in  ac- 
acy  those  obtained  by  the  laborious  classical  procedures. 
■ 


By  employing  a  double  precipitation  of  the  calcium  oxalate  it 
may  also  be  possible  to  apply  the  method  with  advantage  in  the 
analysis  of  calcium-titanium  pigments. 
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Analysis  of  Manganese  Bronze 
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method  is  proposed  whereby,  with  the  use  of  a  single  sample 
light,  copper,  lead,  tin,  iron,  and  nickel  may  be  accurately  deter- 
ted  in  manganese  bronze.  Copper  and  lead  are  plated  out  in 
presence  of  hydrofluoric  acid  which  serves  to  hold  tin  in  solu- 
|ii.  Tin  is  subsequently  separated  from  iron  and  nickel  with 
idrogen  sulfide,  reduced  with  lead,  and  titrated  with  potassium 
|lide-iodate  solution.  The  hydrogen  sulfide  separation  also  serves 
,  reduce  iron  to  the  ferrous  condition,  in  which  state  it  is  deter- 
ned  by  titration  with  ceric  sulfate  solution.  Nickel  is  precipi- 
t  sd  from  the  resultant  solution  with  dimethylglyoxime.  Results 
it  the  analysis  of  several  Bureau  of  Standards  samples  of  manganese 
i>nze  check  closely  with  those  obtained  by  longer  conventional 
1,  thods. 

i'HE  accurate  analysis  of  a  bronze  containing  lead,  manga- 
||  nese,  iron,  and  nickel  in  addition  to  copper,  tin,  and  zinc  is,  in 
aeral,  a  time-consuming  process.  Several  procedures  may  be 
sd  for  the  analysis  of  all  the  elements  present,  but  conventional 
;thods  now  in  use  demand  such  devices  as  double  precipitations, 
•overy  from  filtrates,  and  the  use  of  separate  samples  for  differ- 
t  elements  in  order  to  obtain  satisfactory  results.  Thus,  Lun- 
►  11  and  Scherrer  ( 3 )  point  out  that  in  the  initial  attack  of  the  alloy 
th  nitric  acid,  tin  is  incompletely  precipitated  in  the  presence  of 
ire  than  0.25%  of  iron,  and  other  elements,  particularly  iron, 
ntaminate  the  precipitate  in  varying  degrees.  It  is  thus  evident 
■at  recoveries  are  necessary  at  the  very  outset  of  the  analysis, 
re  purpose  of  this  paper  is  to  show  how,  by  an  adaptation  of 
ocedures  which  have  already  been  worked  out  (4,  5,  6),  these 
fficulties  may  be  avoided  and  an  accurate  analysis  of  a  bronze 
;>tained. 

;  McCay  (5)  has  shown  that  in  nitro-hydrofluoric  acid,  copper 
id  lead  may  be  quantitatively  separated  from  stannic  tin  by 
sctrolysis,  no  hydrolysis  of  the  latter  taking  place  in  the  pres- 
ice  of  hydrofluoric  acid.  This  fact  is  the  basis  of  the  proposed 
■ocedure.  Solution  of  the  alloy  is  effected  in  nitro-hydrofluoric 
id.  After  electrolytic  deposition  of  lead,  sulfuric  acid  is  added 
id  electrolysis  is  continued  until  copper  is  completely  deposited, 
ydrofluoric  acid  is  then  removed  by  evaporation  of  the  solution 
a  platinum  dish  to  fumes  of  sulfuric  acid.  The  solution  is  di- 
ted  and  tin  is  separated  from  the  remaining  elements  by  pre- 
pitation  with  hydrogen  sulfide.  Tin  is  then  determined  by 
duetion  with  lead  and  titration  with  potassium  iodide-iodate 
ilution.  The  tin  sulfide  filtrate  is  boiled  to  expel  hydrogen 
ilfide;  and  iron,  now  in  the  ferrous  condition,  is  determined  by 
tration  with  ceric  sulfate.  After  titration  of  iron,  nickel  is  pre- 
pitated  with  dimethylglyoxime  from  a  slightly  ammoniacal  solu- 
on  containing  citric  acid. 

Manganese  and  aluminum  are  determined  on  separate  samples 
ith  slight  variation  of  accepted  procedures.  For  the  sake  of 
pmpleteness,  these  procedures  are  included  in  this  paper. 


PROCEDURE 

Determination  of  Copper  and  Lead.  Transfer  2.0000 
grams  of  sample  to  a  400-ml.  Vycor  beaker  (iron-free).  Add  in 
order  15  ml.  of  water,  0.75  to  1.0  ml.  of  hydrofluoric  acid  (48%), 
and  10  ml.  of  nitric  acid  (sp.  gr.  1.42),  and  cover  with  a  platinum 
lid.  Allow  to  stand  until  solution  is  complete  and  then  boil  to 
expel  oxides  of  nitrogen.  Rinse  down  the  lid  and  beaker  with  a 
jet  of  water  and  dilute  to  200  ml.  Add  1  drop  of  0.1  A  hydro¬ 
chloric  acid,  and  electrolyze  with  a  current  of  1  ampere  for  30 
minutes.  If  no  lead  peroxide  appears  after  2  or  3  minutes,  in¬ 
dicating  the  absence  of  lead,  add  10  ml.  of  lead  nitrate  solution 
(0.16%)  and  continue  electrolysis  for  the  specified  time. 

Add  8  ml.  of  dilute  sulfuric  acid  (1  to  1)  and  plate  until  the 
deposition  of  copper  is  complete,  as  shown  by  rinsing  the  beaker 
with  a  jet  of  water  and  noting  no  further  deposition  of  copper  on 
the  newly  exposed  platinum.  Raise  the  electrodes  out  of  the 
electrolyte  and  wash  by  immediately  substituting  for  the  latter  a 
beaker  containing  200  ml.  of  distilled  water.  Reserve  the  elec¬ 
trolyte,  A.  Rinse  the  cathode  by  immersion  in  2  separate  por¬ 
tions  of  alcohol  and  dry  at  110°  C.  for  2  minutes.  If  lead  is  to 
be  determined,  dry  the  anode  at  110°  C.  for  30  minutes.  Allow 
the  electrodes  to  cool  in  a  desiccator  and  weigh.  Dissolve  the 
deposits  in  dilute  nitric  acid  (2  to  3)  containing  a  few  drops  of 
hydrogen  peroxide  (30%).  Rinse  the  electrodes  with  distilled 
water  and  ignite  at  red  heat.  Cool  in  a  desiccator  and  reweigh. 

Determination  of  Tin.  Transfer  electrolyte  A  to  a  platinum 
dish  of  300-ml.  capacity,  add  10  ml.  of  dilute  sulfuric  acid  (1  to  1) 
and  5  ml.  of  hydrofluoric  acid  (48%),  and  evaporate  to  fumes  of 
sulfuric  acid.  Rinse  down  the  dish  with  a  jet  of  water,  warm 
until  salts  are  in  solution,  and  evaporate  again  to  fumes  of  sulfuric 

acid.  Dissolve  the  salts  in  about 
50  ml.  of  water  and  transfer  to  a 
250-ml.  beaker.  Adjust  the  volume 
to  125  ml.,  heat  to  boiling,  and 
introduce  hydrogen  sulfide  for  30 
minutes.  Add  some  macerated 
paper  pulp  and  filter  the  tin  sulfide 
on  an  11-cm.  No.  42  Whatman 
paper.  Collect  the  filtrate  in  a  400- 
ml.  beaker.  Wash  the  precipitate 
and  paper  a  few  times  with  dilute 
sulfuric  acid  (1  to  100)  saturated 
with  hydrogen  sulfide.  Reserve  the 
filtrate,  B,  for  the  determination  of 
iron  and  nickel. 

Return  the  paper  and  precipitate 
to  the  original  beaker,  digest  with 
a  mixture  of  20  ml.  of  sulfuric  acid 
(sp.  gr.  1.84)  and  30  ml.  of  nitric 
acid  (sp.  gr.  1.42)  until  all  organic 
matter  is  destroyed  as  indicated  by 
the  absence  of  any  charring,  and 
evaporate  to  fumes  of  sulfuric  acid. 
Cool,  rinse  the  cover  glass  and 
beaker  with  a  jet  of  water,  and 
again  evaporate  to  fumes  of  sul¬ 
furic  acid.  Add  30  ml.  of  water 
and  transfer  to  a  tin  reduction  flask 
(Figure  1).  Add  75  ml.  of  hydro¬ 
chloric  acid  (sp.  gr.  1.18),  8  grams 
of  test  lead,  and  10  ml.  of  ferric 
chloride  solution  (1.5%).  Dilute  to 
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250  to  300  nil.  and  pass  a  slow  stream  of  carbon  dioxide 
through  the  solution  at  the  rate  of  70  to  80  ml.  per  minute.  With 
the  carbon  dioxide  passing  through  the  solution,  heat  to  boiling, 
and  boil  for  30  minutes  after  the  yellow  color  due  to  ferric  iron 
has  disappeared.  At  the  end  of  this  period,  slightly  increase  the 
flow  of  carbon  dioxide  and  immerse  the  flask  in  an  ice  bath. 
When  the  solution  has  cooled  to  about  5°  C.,  remove  the  conden¬ 
ser,  add  5  ml.  of  soluble  starch  solution  (1.0%),  and  titrate  to  the 
appearance  of  a  permanent  blue  color  with  standard  potassium 
iodide-iodate  solution  (1.12  grams  of  potassium  iodate  and  12.0 
grams  of  potassium  iodide  in  1000  ml.  of  water.  Standardize 
this  solution  against  pure  tin  which  has  been  reduced  with  lead  in 
the  usual  manner).  Continue  the  flow  of  carbon  dioxide  during 
the  titration,  and  swirl  the  contents  of  the  flask  so  as  to  ensure 
complete  oxidation  of  tin. 

Determination  of  Iron.  To  filtrate  B  from  above,  add  15 
ml.  of  dilute  sulfuric  acid  (1  to  1).  Pass  a  stream  of  carbon  diox¬ 
ide  through  the  solution  at  the  rate  of  50  to  60  ml.  per  minute 
while  bringing  it  to  a  boil,  and  continue  boiling  and  addition  of 
carbon  dioxide  for  15  minutes.  At  the  end  of  this  period,  cool 
the  solution  rapidly  to  room  temperature  by  immersion  in  an  ice 
bath.  When  the  solution  has  cooled,  stop  the  flow  of  carbon 
dioxide  and  titrate  the  ferrous  iron,  either  potentiometrically  or 
with  o-phenanthroline  as  an  indicator,  with  standard  ceric  sul¬ 
fate  solution  (24  grams  of  ammonium  ceric  sulfate  in  1000  ml.  of 
water  containing  28  ml.  of  sulfuric  acid.  Standardize  this  solu¬ 
tion  against  pure  sodium  oxalate).  Reserve  the  solution,  C,  for 
the  determination  of  nickel. 

Determination  of  Nickel.  To  solution  C  add  10  ml.  of 
citric  acid  (20%)  and  neutralize  with  ammonia  (sp.  gr.  0.90), 
using  nitrazine  paper  as  an  indicator.  Make  just  acid  with  di¬ 
lute  hydrochloric  acid  (1  to  1)  and  heat  to  70°  to  80°  C.  Add 
dimethylglyoxime  reagent  (1.0%  in  alcohol)  in  amount  neces¬ 
sary  to  precipitate  the  nickel  and  then  10  ml.  in  excess.  Neu¬ 
tralize  with  ammonia  (sp.  gr.  0.90)  and  add  2  drops  in  excess. 


Table  I.  Results  of  Analysis  of  Bureau  of  Standards  Bronzes 


Aver¬ 

Certificate 

Aver¬ 

Certificate 

Sample 

Found, 

age, 

% 

Value, 

Found, 

age, 

Value, 

No. 

% 

% 

% 

% 

% 

Determination  of  Copper 

Determination  of  Iron 

62 

59.03 

59.03 

59.07 

1.10 

i.ii 

1.13 

59.03 

1.11 

59.06 

1.10 

59.02 

1.11 

59.04 

1.11 

62a 

61.49 

61.48 

61.51 

1.03 

1.03 

1.04 

61.47 

1.02 

61.48 

1.03 

61.45 

1.03 

61.50 

1.02 

62b 

57.40 

57.38 

57 . 40 

0.79 

0.79 

0.81 

57.37 

0.79 

57.36 

0.78 

57.36 

0.79 

57.40 

0.78 

Determination  of  Lead 

Determination  of  Tin 

62 

0.59 

0.59 

0.56 

0.81 

0.81 

0.82 

0.59 

0.82 

0.59 

0.82 

0.59 

0.81 

0.60. 

0.80 

62a 

0.55 

0.54 

0.50 

0.83 

0.83 

0.84 

0.54 

0.84 

0.54 

0.83 

0.54 

0.83 

0.54 

0.84 

62b 

0.29 

0.29 

0.27 

0.96 

0.96 

0.97 

0.29 

0.96 

0.28 

0.95 

0.29 

0.96 

0.29 

0.95 

Determination  of  Nickel 

62 

0.64 

0.64 

0.65 

0.64 

0.64 

0.64 

0.64 

62a 

0.61 

0.61 

0.61 

0.61 

0.61 

0.61 

0.61 

62b 

0.27 

0.28 

0.27 

0.28 

0.28 

0.28 

0.27 

Table  II.  Lead  Found  after  Initial  Deposition  and  upon  Replatin 
from  a  20  Per  Cent  Nitric  Acid  Solution 

(Standard  62a,  certificate  value  0.50%  Pb) 


First  Plate  _ Replate 


Sample 

Weight 

Weight  of 
Pb02 

Pb 

Weight  of 
PbOj 

Pb 

Grams 

Gram 

% 

Gram 

% 

2.000 

0.0125 

0.54 

0.0120 

0.52 

2.000 

0.0127 

0.55 

0.0121 

0.52 

2.000 

0.0125 

0.54 

0.0120 

0.52 

2.000 

0.0125 

0.54 

0.0120 

0.52 

Allow  the  solution  to  cool  to  room  temperature,  and  filter  b; 
means  of  vacuum  on  a  weighed  Gooch  or  sintered-glass  crucible 
Wash  thoroughly  with  cool  water  to  which  a  few  drops  of  am 
monia  (sp.  gr.  0.90)  have  been  added.  Dry  at  120°  C.  for  on 
hour,  cool  in  a  desiccator,  and  weigh.  For  large  amounts  o 
nickel,  a  drying  temperature  of  150°  C.  should  be  used. 

Determination  of  Manganese.  Transfer  1.000  gram  o 
sample  or  other  suitable  weight  containing  not  more  than  10  mg 
of  manganese  to  a  400-ml.  beaker.  Cover  and  add  30  ml.  o 
acid  mix  [100  ml.  of  sulfuric  acid,  525  ml.  of  water,  125  ml.  o 
phosphoric  acid  (85%),  and  250  ml.  of  nitric  acid].  After  thi 
first  violent  reaction  has  subsided,  heat  until  complete  solution  i 
obtained  and  no  more  brown  fumes  are  evolved.  Remove  fron 
the  hot  plate  and  add  in  order,  100  ml.  of  water,  10  ml.  of  silve 
nitrate  solution  (0.8%),  and  10  ml.  of  ammonium  persulfat 
solution  (25%).  Heat  rapidly  to  boiling  and  boil  vigorously  fo 
30  seconds  but  no  longer.  Cool  to  room  temperature  by  immer 
sion  in  tap  water,  add  75  ml.  of  water,  and  titrate  potentiometri 
cally  with  sodium  arsenite  solution  (6.0  grams  of  arsenic  trioxid' 
and  15  grams  of  sodium  hydroxide  diluted  to  525  ml.  and  satu 
rated  with  carbon  dioxide.  Dilute  to  5.0  liters).  Analyze  : 
standard  bronze  of  known  manganese  content  (containing  ap 
proximately  the  same  amount  of  manganese  as  present  in  th 
sample)  to  determine  the  titer  value  of  the  arsenite  solution. 

Determination  of  Aluminum.  To  a  2.000-gram  sampli 
contained  in  a  250-ml.  beaker,  add  25  ml.  of  dilute  nitric  acii 
(2  to  3).  When  solution  is  complete,  add  15  ml.  of  dilute  sulfuri 
acid  (1  to  1).  Evaporate  to  fumes  of  sulfuric  acid,  cool,  rins 
the  cover  glass  and  beaker  with  a  jet  of  water,  and  warm  unti 
soluble  salts  are  in  solution.  Evaporate  again  to  fumes  of  sulfuri 
acid.  Add  30  ml.  of  water  to  dissolve  the  soluble  salts,  dilute  t 
150  ml.,  and  transfer  to  a  mercury  cathode  cell.  Electrolyze  un 
til  the  blue  color  due  to  copper  has  disappeared.  Reduce  the  acii 
concentration  of  the  solution  by  the  addition  of  10  ml.  of  ammoni, 
(sp.  gr.  0.90),  rinse  down  the  cell  with  a  jet  of  water,  and  continu 
the  electrolysis  for  1  or  2  hours  longer.  Remove  the  solutioi 
from  the  cell  and  filter  through  an  11-cm.  No.  42  Whatman  papei 

Add  5  or  6  drops  of  a  saturated  solution  of  sulfurous  acid  t 
the  filtrate  and  boil  for  2  or  3  minutes.  Add  2  drops  of  methj 
red  indicator,  make  just  alkaline  with  ammonia  (sp.  gr.  0.90 
and  then  add  2  drops  in  excess.  Bring  to  a  boil  and  filter  wit] 
some  macerated  paper  pulp  on  an  11-cm.  No.  42  Whatman  papei 
Wash  with  a  hot  2%  ammonium  nitrate  solution  made  just  alka 
line  to  methyl  red  with  ammonia.  Transfer  the  filter  paper  am 
contents  to  a  weighed  platinum  crucible  and  heat  until  all  th 
carbon  is  destroyed.  Moisten  the  contents  of  the  crucible  with 
drops  of  dilute  sulfuric  acid  (1  to  1).  Add  10  ml.  of  hydrofluori 
acid,  and  heat  on  the  hot  plate  until  no  more  fumes  of  sulfuri 
acid  are  evolved.  Finally  ignite  at  the  full  heat  of  the  bias 
lamp  for  15  minutes,  cool  in  a  desiccator,  and  weigh  as  alumi 
num  oxide. 

EXPERIMENTAL  RESULTS 

The  results  obtained  by  the  use  of  this  procedure  are  shown  i) 
Table  I.  National  Bureau  of  Standards  samples  of  manganes 
bronze  were  used  to  test  the  accuracy  of  the  method. 

NOTES  ON  PROCEDURE 

It  was  noted  by  McCay  (5)  that  during  the  electrolysis  of  i 
solution  containing  hydrofluoric  acid,  there  was  always  som 
anodic  attack  and  that  platinum  to  the  extent  of  0.5  mg.  wouli 
plate  out  on  the  cathode.  He  also  observed  that  a  plate  of  Iea< 
peroxide  on  the  anode  would  prevent  this  attack.  Contributini 
factors  in  the  contamination  of  cathodic  plates  by  platinum  ar 
time  of  electrolysis,  current  density,  and  concentration  of  hydro 
fluoric  acid.  Under  the  cbndit.ions  recommended  for  the  elec 
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Figure  2.  Setup  for  Obtaining  Carbon  Dioxide 


ilysis — namely,  1  %  hydrofluoric  acid  solution,  a  current  of  one 
npere  for  4  hours,  and  at  least  2  mg.  of  lead  present  to  protect 
e  anode — not  more  than  0.1  mg.  of  platinum  will  be  dissolved 
im  the  anode. 

The  deposition  of  copper  under  the  specified  conditions  is  rapid, 
id  for  all  purposes,  complete.  After  combining  the  electrolytes 
am  8  copper  determinations,  a  total  of  0.6  mg.  of  copper  was 
und.  This  represents  a  loss  of  0.08  mg.  or  0.004%  of  copper  per 
termination  for  each  2. 0000-gram  sample. 


ible  III.  Tin  Losses  Incurred  after  Reduction  with  Lead  in  the 
Presence  of  Copper  Salts 

Copper 

Present  as  Ratio  of  Tin 


Tin 

Cupric 

Tin 

Tin 

Lost  to  Copper 

Present 

Sulfate 

Found 

Lost 

Present 

Gram 

Gram 

Gram 

Gram 

0.2046 

0.240 

0 . 0833 

0.1213 

1:1.98 

0.1622 

0.200 

0.0563 

0.1059 

1:1.89 

0.1125 

0.140 

0.0344 

0.0781 

1:1.79 

0 . 0849 

0.100 

0.0282 

0 . 0567 

1:1.77 

0.0383 

0.040 

0.0158 

0.0225 

1:1.78 

0.0327 

0.020 

0.0212 

0.0115 

1:1.74 

0.0399 

0.010 

0.0339 

0.0060 

1:1.67 

0.0384 

0.005 

0 . 0358 

0 . 0026 

1:1.92 

0 . 0362 

0.002 

0.0355 

0.0007 

1:2.86 

0.0393 

0.001 

0.0390 

0.0003 

1:3.33 

The  procedure  used  for  washing  the  deposits  avoids  undue 
ilution  of  the  electrolyte.  A  solvent  action  on  the  cathode  de- 
osit  might  be  expected  in  the  interval  between  removal  of  the 
lectrolytic  solution  and  the  introduction  of  the  beaker  of  wash 
rater.  McCay  (5)  states  that  lead  peroxide  is  not  appreciably 
ttacked  by  nitric,  sulfuric,  and  hydrofluoric  acids  in  the  con- 
entrations  encountered  in  the  electrolysis  of  copper  and  lead, 
’o  determine  if  any  copper  were  lost  in  the  wash  water,  the  wash- 
igs  of  8  copper  determinations  were  combined.  No  copper  was 
lund  present. 

Examination  of  the  results  in  Table  I  shows  consistently  high 
alues  for  lead.  Under  normal  plating  conditions — that  is,  in 
litric  acid  solution — many  investigators  have  obtained  high  lead 
alues,  which  they  have  ascribed  to  occluded  water.  At  this 
aboratory  lead  peroxide  deposits  have  been  dried  at  110°  and 


200°  C.  without  noting  any  difference  in  weight.  The  contami¬ 
nants  of  the  lead  peroxide  deposit  in  the  proposed  procedure  are 
manganese  and  fluoride.  In  the  analysis  of  8  samples  of  Standard 
62a,  containing  1.51%  manganese,  it  was  found  that  on  an  aver¬ 
age  each  lead  peroxide  deposit  was  contaminated  with  0.15  mg.  of 
manganese.  McCay  ( 5 ,  6)  found  definite  evidence  that  fluoride  in 
some  form  is  present  in  the  dried  lead  peroxide  deposit.  More 
accurate  lead  values  may  be  obtained,  as  described  by  McCay 
(5,  6),  by  transferring  the  anode  with  its  lead  peroxide  deposit  to 
a  previously  boiled  20%  nitric  acid  solution,  reversing  the  cur¬ 
rent  for  a  few  seconds,  and  then  replating  for  one  hour.  Where 
the  highest  accuracy  is  desired,  a  third  replate  may  be  necessary. 
Table  II  shows  results  obtained  using  this  procedure. 

It  has  been  stated  (3)  that  in  the  ionic  condition  some  tin  co¬ 
deposits  with  copper  during  electrolysis  of  the  latter.  The  pres¬ 
ence  of  hydrofluoric  acid  prevents  this  contamination.  Using 
the  proposed  procedure,  the  combined  plates  from  8  copper  de¬ 
terminations  of  Standard  62a  showed  the  complete  absence  of  tin. 

In  the  evaluation  of  tin  by  reduction  with  lead,  the  presence  of 
copper  is  a  serious  source  of  error.  Clarke  (1)  notes  that  a  unit 
weight  of  copper  causes  the  loss  of  about  half  a  unit  weight  of  tin. 
He  explains  this  by  assuming  that  cupric  copper  is  reduced  to  the 
metal  by  lead,  and  then  plates  on  the  latter.  The  couple  thus 
formed  reduces  tin  to  the  metallic  state,  thus  preventing  reaction 
with  the  potassium  iodide-iodate  reagent.  Table  III  shows  tin 
losses  incurred  when  known  amounts  of  stannic  tin  were  reduced 
with  lead  in  the  presence  of  varying  amounts  of  copper  present 
as  cupric  sulfate.  On  the  basis  of  the  above  facts,  it  is  obvious 
that  complete  initial  electrolytic  deposition  of  copper  is  essential. 
Otherwise,  undeposited  copper  will  follow  tin  through  the  subse¬ 
quent  separations,  causing  low  tin  values. 

In  the  usual  case,  there  are  no  elements  present  in  a  bronze  that 
interfere  with  the  determination  of  iron  after  reduction  with  hy¬ 
drogen  sulfide.  Lundell  and  Knowles  (3)  have  stated  that  poly¬ 
thionic  compounds  may  form  upon  treatment  with  hydrogen 
sulfide.  These  compounds  consume  the  oxidizing  agent  and  cause 
high  values.  Using  the  recommended  acid  concentration  during 
the  reduction,  no  difficulty  in  this  respect  has  been  experienced  at 
this  laboratory. 

A  rotating  electrode  apparatus  for  the  deposition  of  copper  and 
lead  is  preferred  to  others  of  the  glass  stirrer  type,  because  danger 
of  contamination  by  iron  due  to  hydrofluoric  acid  attack  on  the 
stirrer  is  eliminated.  For  the  same  reason,  iron-free  Vycor 
beakers  are  used  in  preference  to  Pyrex.  These  beakers  are  re¬ 
markably  resistant  to  the  action  of  hydrofluoric  acid.  Some 
have  been  used  in  this  laboratory  for  well  over  a  year  and,  al¬ 
though  somewhat  etched,  are  still  serviceable. 

The  tin  reduction  flask  shown  in  Figure  1  has  proved  to  be 
more  convenient  than  the  usual  3-hole  rubber-stoppered  flask,  and 
accuracy  is  not  impaired. 

Figure  2  shows  a  convenient  setup  for  obtaining  the  carbon  di¬ 
oxide  needed  for  tin  and  iron  determinations. 
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Observations  on  the  Rare  Earths 


Double  Sodium  Sulfate  Precipitation  for  Separation  of  the  Terbium  and 

Yttri  um  Earths 


THERALD  MOELLER  AND  HOWARD  E.  KREMERS1,  Noyes  Chemical  Laboratory,  University  of  Illinois,  Urbana, 


THE  most  widely  employed  method  for  effecting  a  pre¬ 
liminary  separation  of  crude  rare  earth  mixtures  is  precipita¬ 
tion  by  means  of  alkali  sulfates.  By  this  means,  the  rare  earths 
can  be  divided  roughly  into  three  groups — namely,  the  cerium 
group,  consisting  of  lanthanum,  cerium,  praseodymium,  neo¬ 
dymium,  and  samarium,  the  double  alkali  sulfates  of  which  are 
relatively  insoluble;  the  terbium  group,  consisting  of  europium, 
gadolinium,  and  terbium,  the  double  alkali  sulfates  of  which  are 
moderately  soluble;  and  the  yttrium  group,  consisting  of  dys¬ 
prosium,  yttrium,  holmium,  erbium,  thulium,  ytterbium,  and 
lutecium,  the  double  alkali  sulfates  of  which  are  comparatively 
soluble  (4,  7).  In  practice,  the  separation  is  never  sharp  be¬ 
cause  of  a  gradual  change  of  solubilities  in  the  series,  and  the 
method  is  always  only  fractional  in  character  (5). 

In  spite  of  early  attempts  to  use  double  alkali  sulfate  precipita¬ 
tion  as  a  means  of  isolating  the  terbium  earths  or  fractionating 
rare  earth  mixtures  (2),  the  method  is  apparently  used  at  present 
only  for  division  of  the  earths  into  cerium  and  yttrium  groups, 
the  terbium  earths  being  distributed  between  these  two  groups. 
Because  many  of  the  early  data  were  accumulated  before  the 
identities  of  certain  of  the  rare  earth  elements  were  established, 
a  further  investigation  of  the  method  as  a  means  of  separation 
appeared  desirable.  The  results  presented  here  illustrate  the 
utility  of  double  sulfate  precipitation  for  the  separation  of  the 
yttrium  and  terbium  earths  and  the  concentration  of  yttrium. 


Table  I.  Preliminary  Double  Sodium  Sulfate  Separation 


Fraction 

Grams 

R2O3 

R° 

La2C>3 

CeOj 

Probable  Composition  as  Per  Cent  Oxide 
PreOn  Nd203  Sni203  Y2O3  H02O3 

Crude  oxide 

1710 

142 

30 

22 

10 

20 

10 

ca.  5 

DSS-1 

1230 

148 

22 

10 

33 

12 

Nil 

DSS-2 

208 

128 

3 

6 

41 

P.6 

DSSF-2 

55 

99 

83 

8 

fractionations  had  been  made.  Fractionation  was  effected  by 
precipitating  about  one  third  of  the  rare  earths  with  powderec 
sodium  sulfate  from  cold  10%  nitrate  solutions  and  then  warmin; 
the  mother  liquors  to  obtain  a  second  precipitate.  After  severa 
repetitions  of  this  procedure,  little  alteration  in  separation  a; 
judged  by  changes  in  oxide  color  was  noted;  so  fractionatioi 
was  continued  from  warm  solutions.  Combinations  of  frac¬ 
tions  were  made  on  the  basis  of  analyses.  Results  of  these 
fractionations  are  summarized  in  Table  II,  where  a  portion  of  the 
data  obtained  is  given. 

Fractions  were  removed  from  the  insoluble  end  when  the 
concentration  of  yttrium,  as  oxide,  dropped  below  15%  and  from 
the  soluble  end  when  nearly  colorless  oxides  were  obtained. 
Rare  earths  were  recovered  from  double  sulfate  precipitates  by 
dissolution  in  10%  ammonium  acetate  ( 8 )  followed  by  oxalate 
precipitation,  and  from  mother  liquors  by  oxalate  precipitation. 

Analyses  were  based  upon  the  average  atomic  weight,  R,  as 
determined  from  the  oxalate  to  oxide  ratio  (1),  and  absorptior 
spectra  data  ( 6 ),  as  obtained  with  a  General  Electric  recording 
spectrophotometer  in  the  range  400  to  700  m^  using  nitrate 
solutions  containing  the  equivalent  of  2%  rare  earth  oxide  in  1-cm 
cells  at  a  slit  width  of  10  m^.  This  instrument  had  been  cali¬ 
brated  against  pure  samples  of  praseodymium,  neodymium,  sa¬ 
marium,  and  erbium  materials,  and  these  elements  were  esti¬ 
mated  directly  from  absorption  data  at  selected  wave  lengths 
(6).  Since  pure  holmium  material  was  not  available  for  calibra¬ 
tion,  this  element  was  estimated  from  a  comparison  of  spectro- 
photometric  data  with  the  data  of  Rodden  (6).  Such  a  com¬ 
parison  is  admittedly  inaccurate;  so  the  holmium  analyses  are 
only  approximate  and  serve  merely  to  indicate  a  trend.  Ceriuir 
was  determined  by  oxidation  with  ammonium  peroxydisulfate 
and  titration  with  standard  ferrous  sulfate 
Yttrium  was  estimated  from  the  average 
atomic  weight  and  a  knowledge  of  the  quanti¬ 
ties  of  the  other  elements  present.  The 
amounts  of  europium,  terbium,  gadolinium 
and  dysprosium  (reported  together)  were 
estimated  in  a  similar  fashion.  Lanthanurr 
was  obtained  by  difference. 


EnCh 


“  Average  atomic  weight. 

b  Present,  but  could  not  be  determined  owing  to  interferences  in  absorption  spectra. 


DISCUSSION 


EXPERIMENTAL 


Data  in  Table  I  indicate  clearly  that  a 
separation  of  the  crude  earths  into  the  cerium 
and  yttrium  groups  is  readily  effected  witt 
The  formation  of  a  second  precipitate  as  a  re- 


Rare  earth  oxides  (1710  grams),  prepared  from  monazite  resi¬ 
dues  by  the  Lindsay  Light  and  Chemical  Company  and  con¬ 
taining  about  5%  yttrium  earths,  were  added  to  hot,  70%  nitric 
acid.  The  resulting  concentrated  solution  was  diluted  to  con¬ 
tain  the  equivalent  of  8.5%  oxides,  and  approximately  one  third 
of  the  cerium  present  was  removed  as  an  insoluble  basic  salt. 
Powdered  sodium  sulfate  was  added  slowly  to  the  cold,  filtered 
solution  with  stirring  until  the  neodymium  absorption  bands  in 
the  mother  liquor  became  almost  invisible  (5).  After  22  hours, 
the  double  sulfate  precipitate  (DSS-1)  was  removed  by  filtra¬ 
tion.  The  filtrate  was  heated  by  steam  injection,  and  a  second 
precipitate  (DSS-2),  which  formed,  was  removed.  The  rare 
earths  were  recovered  from  the  mother  liquor  (DSSF-2)  from  the 
second  precipitation  by  oxalate  precipitation.  Results  of  this 
preliminary  separation  are  summarized  in  Table  I.  Partial 
removal  of  cerium  by  hydrolysis  and  the  incomplete  precipita¬ 
tion  of  oxalates  from  the  double  sulfate  liquors  account  for  the 
apparent  losses  shown  in  this  table. 

Since  the  first  double  sulfate  precipitate  contained  only  in¬ 
significant  quantities  of  the  yttrium  earths,  it  was  not  treated 
further.  The  second  precipitate  and  the  material  recovered 
from  the  mother  liquor,  containing,  respectively,  41  and  83% 
yttrium  oxide,  were  further  fractionated  as  double  sodium  sul¬ 
fates  in  series  of  two  to  five  fractions  until  a  total  of  sixty-five 


1  Present  address,  Lindsay  Light  and  Chemical  Company,  West  Chicago, 


Ill. 


sodium  sulfate. 

suit  of  heating  has  the  desirable  effect  of  splitting  the  norma’ 
yttrium  group  fraction  and  thereby  yielding  a  concentrate  high 
in  yttrium  itself.  The  cerium  earths  up  to  samarium  appear  ir 
the  insoluble  fractions,  but  samarium  is  not  so  readily  removed. 
The  fractional  character  of  the  process  is  apparent.  Cerium 
appears  to  distribute  itself  through  the  fractionation. 

Fractionation  by  double  sodium  sulfate  precipitation  rapidly 
concentrates  yttrium  in  the  soluble  fractions,  as  the  data  ir 
Table  II  indicate.  From  these  concentrates,  yttrium  oxide  ol 
90  to  94%  purity  was  obtained.  The  ultimately  attainable  con¬ 
centration  of  yttrium  appears  to  depend  upon  the  ratio  of  yttrium 
to  the  other  yttrium  earths  in  the  starting  material,  since  hol¬ 
mium  and  erbium,  and  to  a  lesser  extent  dysprosium,  con¬ 
centrate  with  yttrium. 

Continued  double  sulfate  fractionation  of  the  yttrium  group 
concentrates  is  not  recommended  for  the  isolation  of  particular 
elements,  for  analyses  indicate  only  very  slowly  changing  ratios 
of  the  yttrium  group  elements  as  fractionations  proceed.  How¬ 
ever,  this  method  is  recommended  for  the  ready  isolation  of  the 
yttrium  and  terbium  groups  and  for  a  preliminary  rapid  concen¬ 
tration  of  yttrium  itself.  Not  more  than  five  to  ten  fractional 
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Table  II.  Fractionation  by  Double  Sodium  Sulfate  Precipitation 


Fraction0 

Grams 

R2O3 

Rf- 

Nd2Oa 

Probable  Composition 
Sm203  (Eu-DyLOs 

as  Per  Cent  Oxide 
Y203  Ho2Os 

Er208 

1 

47 

144 

4 

8 

70 

16 

Trace 

Trace 

2 

47 

132 

2 

8 

47 

39 

2 

2 

3 

34 

117 

4 

30 

62 

4 

4 

4 

27 

96 

2 

1 

89 

4 

4 

5 

38 

99 

1 

83 

8 

8 

1-b-z  +  hc 

22 

148-153 

*  4-8 

6-9 

75-80 

<14 

Trace 

Trace 

2-b-o 

29 

113 

Nil 

Nil 

35 

63 

1 

2 

3-b -o 

5 

•  96 

Nil 

Nil 

1 

91 

4 

4 

4-b-o 

6 

95 

Nil 

Nil 

5 

92 

1 

<2 

5-b-o 

14 

94 

Nil 

Nil 

4 

94 

1 

1 

5-c-o 

13 

94 

Nil 

Nil 

2 

92 

3 

4 

1  -d-A  +  o 

13 

141-154 

1-2 

3-5 

80-85 

<15 

1 

1 

4-cl-o 

15 

Nil 

Nil 

4 

90 

3 

3 

5-d-o 

13 

Nil 

Nil 

2 

92 

3 

3 

5 -e-o 

33 

99 

Nil 

2 

3 

87 

4 

4 

i-i-h 

12 

120 

Nil 

2 

40 

56 

1 

1 

4-f-o 

11 

108 

Nil 

3 

15 

75 

4 

3 

5-f-h 

9 

117 

Nil 

3 

24 

63 

4 

3 

5-i-o 

30 

102 

Nil 

1 

7 

83 

5 

4 

a  Fractions  1—5  were  the  initial  fractions  for  the  series.  Relative  solubility  increases  with  in- 
jase  in  fraction  number.  Series  are  designated  by  b,  c,  d,  e,  and  f.  A  precipitate  from  a  cold 
iution  is  designated  by  x,  a  precipitate  obtained  by  warming  by  h,  and  a  mother  liquor  by  o. 
b  Average  atomic  weight. 

c  Contained  1-2%  (La2C>3  +  CeC>2)  and  2%  PreOn. 


•ecipitations  will  give  fractions  containing  in  excess  of  80% 
rbium  or  yttrium  earths  after  removal  of  the  cerium  group. 
:om  these  concentrates,  individual  elements  can  then  be  sepa- 
:  ted  by  other  more  efficient  means. 

Additional  investigations  have  shown  that  there  is  little  dif- 
rence  in  separation  when  a  given  precipitation  is  carried  out 
hot  or  cold  solution.  This  is  in  accord  with  the  observations 
other  investigators  (3).  After  preliminary  separations,  work 
ith  hot  solutions  is  more  convenient  since  less  precipitant  is  re¬ 
lire  d. 

SUMMARY 

J  Extension  of  the  classical  sodium  sulfate  precipitation  pro¬ 
cure  leads  to  a  ready  separation  of  the  rare  earths  into  cerium, 


terbium,  and  yttrium  groups.  Systematic  frac¬ 
tional  precipitation  of  the  soluble  fractions  from  a 
preliminary  separation  of  the  crude  earths  effects 
rapid  separation  of  the  terbium  and  yttrium  groups 
and  a  rapid  concentration  of  yttrium.  The 
method  does  not  separate  any  individual  rare 
earth  element  and  can  be  recommended  only  as  an 
excellent  means  of  preparing  concentrates  for 
further  systematic  separations. 

Double  sulfate  mother  liquors  from  a  precipita¬ 
tion  carried  out  at  room  temperature  can  be  con¬ 
veniently  fractionated  by  warming  to  produce 
further  precipitates.  After  preliminary  separa¬ 
tion  into  yttrium  and  cerium  groups,  the  double 
sulfate  fractionation  can  be  performed  in  either  hot 
or  cold  solutions  with  but  little  difference  in  the 
course  of  the  separation.  For  small  quantities  of 
material,  hot  solutions  are  the  more  convenient. 
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Radioactive  Iron  Procedures 


Purification,  Electroplating,  and  Analysis 


P.  F.  HAHN,  Department  of  Biochemistry,  Vanderbilt  University  School  of  Medicine,  Nashville,  Tenn. 


I  THE  introduction  of  artificially  radioactive  isotopes  has  made 
I  necessary  the  development  of  a  number  of  specialized  pro- 
sdures  for  the  employment  of  these  materials  as  tracers  in  chem- 
:al  and  biological  investigations. 

Radioactive  iron  can  be  prepared  in  two  readily  usable  isotopic 
irms.  One  employs  a  transmutation  reaction  from  manganese 
nd  yields  a  highly  specifically  active  product  with  a  half-life  of 
bout  five  years.  The  other  is  made  by  the  deuteron  bombard- 
lent  of  Fe68,  which  yields  the  iron  isotope  of  the  next  higher  unit 
lass  with  a  half-life  of  47  days.  An  iron  plate  can  be  bombarded 
irectly  to  make  the  latter,  although  it  is  customary  to  use  as  a 
arget  a  probe  of  iron  phosphide  surface,  in  order  that  a  sample 
f  radioactive  phosphorus  can  be  made  simultaneously.  There 
re  likely  to  be  accompanying  elements  under  bombardment, 
rhich  although  present  only  in  trace  quantities  may  yield,  by 
ndesired  side  reactions,  isotopes  of  very  high  activity.  It  is 
herefore  necessary  to  purify  the  iron  before  using  it  for  investiga- 
ive  studies. 

PURIFICATION 

If  a  probe  has  been  used  it  is  advisable  to  dissolve  it  in  aqua 
egia  with  the  application  of  heat.  Most  of  the  phosphorus  can 
hen  be  separated  by  the  use  of  suitable  precipitation  reagents. 
The  solution  of  radioactive  iron  obtained  by  dissolving  the  prod¬ 


uct  from  any  method  of  cyclotron  bombardment  is  likely  to  con¬ 
tain  certain  radioactive  isotopes  of  copper,  manganese,  cobalt, 
zinc,  nickel,  and  phosphorus  as  well  as  other  elements,  depending 
on  the  binding  materials  used  in  probe  methods  of  bombardment. 
The  authors  have  followed  the  method  given  below  for  the  separa¬ 
tion  of  iron  from  these  elements: 

To  a  nearly  concentrated  hydrochloric  acid  solution  of*  impure 
iron  a  mixture  of  cations  of  the  above-mentioned  contaminants  in 
any  convenient  soluble  form  is  added,  as  well  as  some  phosphate 
salt,  in  quantities  such  as  to  supply  a  few  milligrams  of  each  of 
these  elements.  The  solution  is  shaken  with  about  100  ml.  of 
ethyl  ether  saturated  with  hydrochloric  acid  and,  after  separa¬ 
tion  of  the  aqueous  layer,  is  repeatedly  extracted  in  this  manner 
about  four  times.  The  combined  ether  layers  are  then  treated 
with  a  few  milliliters  of  40%  sodium  hydroxide  and  shaken.  The 
resultant  ferric  hydroxide  is  dissolved  in  hydrochloric  acid  and 
then  with  phenolsulfonphthalein  as  an  indicator,  made  alkaline 
with  40%  sodium  hydroxide.  An  excess  of  this  latter  reagent  is 
added,  as  it  aids  in  ridding  the  solution  of  radioactive  phosphate 
and  zinc.  After  centrifuging  and  discarding  the  supernatant 
liquid,  the  ferric  hydroxide  is  dissolved  in  hydrochloric  acid. 
More  of  the  solution  containing  manganese,  cobalt,  nickel,  etc., 
is  added  and  the  extraction  procedure  is  again  applied.  The 
whole  procedure  is  repeated  four  times.  The  authors  usually  pre¬ 
cipitate  the  iron  several  times  with  an  excess  of  pyridine  ( 5 )  in 
acid  solution  in  order  to  assist  in  getting  rid  of  the  radioactive 
manganese. 
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ELECTROPLATING  OF  IRON 

It  has  been  pointed  out  previously  that  for  measurement  of  the 
radioactivity  of  the  iron  isotope  Fe5S  it  is  advisable  to  electro¬ 
plate  (7)  onto  a  metallic  surface  the  separated  iron  to  be  meas¬ 
ured.  This  ensures  even  distribution  of  the  metal  and  minimizes 
the  thickness  of  the  surface  layer  to  prevent  absorption  of  the 
emanation  by  extraneous  substances  as  well  as  by  the  iron  itself. 
In  the  use  of  the  longer-lived  isotope  Fe67  (half-life  about  5  years) 
one  is  dealing  with  an  extremely  weak  emission  of  soft  x-rays  and 
it  is  absolutely  essential  to  eliminate  as  far  as  possible  the  absorp¬ 
tion  of  the  emanations  by  other  substances.  Thus  the  need  for 
electroplating  is  greatly  augmented. 

There  is  a  scant  literature  regarding  the  quantitative  electro- 
platingof  iron,  since  theoccasions  for  doing  such  are  obviously  very 
limited.  Several  years  ago  the  authors  developed  an  empirical 
method  (7).  Occasionally  iron  remained  in  solution  when  elec¬ 
troplating  was  supposed  to  have  been  complete.  Ross  and 
Chapin  ( 6 )  later  reported  a  method  for  electroplating  iron  from  a 
ferrous  ammonium  oxalate  solution.  A  method  which  has  yielded 
very  good  results  during  nine  months’  routine  investigation  is 
described  below.  It  is  believed  to  be  far  superior  to  the  earlier 
method  ( 7 ). 

The  iron  or  tissue  sample  has  added  to  it  enough  ordinary  iron 
in  the  form  of  ferric  chloride  to  make  the.  estimated  total  iron 
about  5  to  10  mg.  In  the  case  of  tissues  or  samples  containing  or¬ 
ganic  material  or  iron  in  the  form  of  some  complex  the  sample  is 
first  wet-ashed  (2).  With  phenolsulfonphthalein  as  an  indicator 
the  digest  is  brought  nearly  to  neutrality  with  40%  sodium  hy¬ 
droxide  and  transferred  to  one  or  more  50-ml.  centrifuge  tubes. 
More  sodium  hydroxide  is  then  added  until  it  is  well  over  the  al¬ 
kaline  end  point  and  the  iron  hydroxide  is  allowed  to  precipitate 
overnight.  Following  centrifuging  the  supernatant  liquid  is  de¬ 
canted  and  the  precipitate  is  dissolved  in  a  few  drops  of  concen¬ 
trated  hydrochloric  acid.  Usually  it  is  advisable  to  reprecipitate 
once  to  remove  excess  ammonium  sulfate  which  is  entrained. 
After  being  heated  nearly  to  dryness  to  remove  the  excess  hydro¬ 
chloric  acid  the  sample  is  transferred  to  the  electroplating  cell. 

The  electrolytic  cells  used  consisted  of  pieces  of  glass  tubing  2.5 
cm.  in  inside  diameter  and  about  15  cm.  long.  The  cathodes  used 
were  copper  disks  about  3  cm.  in  diameter  which  were  cleaned  in 
nitric  acid  and  washed.  When  the  scarcity  of  copper  foil  made  it 
necessary  to  substitute  other  materials,  it  was  found  that  the 
plating  could  be  carried  out  on  the  backs  of  7-gram  (0.25  ounce) 
iron  salve  containers  (obtained  from  the  Buckeye  Stamping  Co., 
Columbus,  Ohio),  these  first  being  applied  to  a  rough  emery  wheel 
to  remove  any  lacquer  from  the  bottom  surface.  The  bottom- 
ground  glass  tubes  were  held  in  contact  with  the  polished  bottom 
of  the  electrode  material  in  a  vertical  position  by  means  of  metal 
springs  and  wood  blocks,  the  top  one  of  which  was  drilled  with  a 
2.5-cm.  hole  to  allow  entrance  of  the  anode  stirrer.  This  as¬ 
sembly  was  mounted  on  a  ring  stand.  A  motor-driven  hollow 
glass  stirring  rod,  to  which  was  attached  a  platinum  anode,  was 
then  inserted.  No  resistance  was  used  in  the  storage  battery 
circuit,  the  circuit  being  regulated  by  varying  the  distance  of  the 
rotating  anode  from  the  cathode  below  it,  the  latter  forming  the 
base  of  the  apparatus.  A  strip  of  Plastilene  was  tamped  around 
the  joint  formed  by  the  upper  surface  of  the  cathode  and  the  glass 
cell  to  prevent  leakage  of  the  electrolyte. 

Fifty  milligrams  of  cevitamic  acid  are  added,  followed  by  8 
drops  of  28%  ammonia  solution.  Two  milliliters  of  a  saturated 
solution  of  sodium  citrate  are  added,  making  a  total  volume  of  20 
to  25  ml.  The  material  is  plated  out  at  an  e.m.f.  of  6  volts  and  a 
current  of  300  milliamperes  at  the  start.  As  plating  proceeds  the 
current  is  allowed  to  increase  spontaneously  to  350  to  400  milli¬ 
amperes.  The  complex  formed  by  the  mixture  of  these  reagents 
is  soluble  and  allows  the  plating  to  proceed  in  alkaline  solution, 
resulting  in  a  smooth,  even,  shiny  plate. 

In  many  instances  plating  was  complete  in  2  fiours  or  less,  but 
it  was  felt  advantageous  to  allow  3  hours  to  ensure  a  negative  test 
for  iron  in  the  electrolyte.  At  first  the  electrolyte  is  a  deep 
brown  color,  which  gradually  lightens  until  it  is  almost  colorless 
when  electrolysis  is  complete.  The  electrolyte  can  easily  be 
tested  for  the  presence  of  residual  iron  by  a  semiquantitative  use 
of  the  thiocyanate  test.  After  acidifying  the  electrolyte  with  a 
few  drops  of  concentrated  hydrochloric  acid,  a  few  drops  of  a 
solution  of  (50%)  ammonium  thiocyanate  are  added  and  the  in¬ 
tensity  of  color  is  noted.  Following  a  good  plating  operation  the 


reaction  is  either  negative  or  indicates  the  presence  of  from  0.0  ' 
to  0.05  mg.  of  iron.  This  amount  corresponds  to  deposition  c  i 
over  99%  of  the  iron.  When  plating  is  completed  the  cevitami 
acid  has  presumably  been  entirely  used  up  and  there  has  bee  ! 
sufficient  anodic  oxidation  to  make  it  unnecessary  to  modify  th  1 
test  further  to  obtain  an  adequate  reaction  with  ferric  iron.  A 
the  beginning  of  a  typical  electroplating  run  the  pH  of  the  elec 
trolyte  was  found  to  be  8.8  and  at'the  end  it  was  8.3. 

This  procedure  is  obviously  a  highly  empirical  and  electricall 
inefficient  one.  However,  it  has  given  excellent  results  in  the  au 
thors’  bands  and  as  many  as  100  shiny,  evenly  distributed  plate 
have  been  obtained  consecutively  without  a  positive  analysis  fo 
residual  iron. 

IRON  ANALYSIS 

The  method  for  determining  total  iron  is  a  simple  modificatio 
of  the  a,a-dipyridyl  reaction  described  by  Hill  (3). 

An  iron  standard  is  made  from  Mohr’s  salt  or  iron  wire,  sucl  1 
that  it  contains  1.00  mg.  of  iron  per  ml.  of  solution.  From  this  ■ 
dilute  standard  which  contains  0.01  or  0.05  mg.  of  iron  per  ml.  i 
prepared  at  intervals. 

An  aliquot  of  the  unknown  material  estimated  to  contain  apl* 
proximately  0.1  mg.  of  iron,  and  the  dilute  standard,  are  run  si) 
multaneously  in  25-ml.  volumetric  flasks.  A  pinch  of  cevitami 
acid  is  added  to  each  to  reduce  the  iron  to  the  ferrous  form  and  li 
ml.  of  a  sodium  acetate-acetic  acid  buffer  solution  (pH  5.4)  an 
added  ( 4 )■  One  milliliter  of  a  0.2%  solution  of  «,a-dipyridy 
solution  in  10%  acetic  acid  is  added  and  the  sample  is  diluted  t< 
volume  with  distilled  water.  After  mixing  and  allowing  to  stam 
at  room  temperature  for  0.5  hour  the  colors  are  read  in  a  Klett 
Summerson  photoelectric  colorimeter  using  a  Klett  No.  54  (500 1( 
560  mu)  filter. 

When  tissues  are  to  be  analyzed,  the  amount  of  material  taker 
is  such  that  it  contains  an  estimated  0.5  mg.  of  iron,  which  i: 
enough  for  several  determinations.  Wet-ashing  with  concen 
trated  sulfuric  acid  and  60%  perchloric  acid  is  carried  out  as  de 
scribed  elsewhere  ( 2 ).  After  being  diluted  to  a  known  volume,  ai 
aliquot  is  titrated  against  strong  ammonium  hydroxide,  usinp 
methyl  red  as  an  indicator.  This  same  amount  of  ammonium  hy¬ 
droxide  is  then  added  to  an  aliquot  to  be  used  for  the  iron  deter 
mination  and  the  procedure  as  outlined  above  is  followed.  If  th< 
colorimeter  reading  is  ±20%  of  the  reading  of  the  standard  tht 
determination  is  repeated,  using  a  larger  or  smaller  aliquot  of  tht 
ashed  material  with  a  corresponding  amount  of  ammonium  hy¬ 
droxide.  The  method  is  rapid  and  simple  and  has  given  good  re 
suits  with  a  moderate  amount  of  practice. 

SUMMARY 

A  method  is  described  for  the  purification  of  iron  solution: 
containing  the  radioactive  isotopes  of  this  element  as  obtainec 
from  a  cyclotron.  Radioactive  cobalt,  nickel,  manganese,  zinc 
and  copper  contaminants  appearing  in  varying  amounts  are  re 
moved  by  use  of  their  limited  solubilities  in  ether.  Manganesi 
and  zinc  are  further  eliminated  by  their  greater  solubilities  ir 
acid  pyridine  solution  and  in  alkaline  solution,  respectively,  a: 
compared  to  iron. 

An  improved  method  for  electroplating  iron  onto  copper  or  iroi 
permits  the  removal  of  extraneous  salts,  thus  preventing  tht 
absorption  of  weak  emanations.  It  also  allows  the  radioactive 
material  to  be  concentrated  evenly  on  a  flat  circumscribed  surface 
to  facilitate  maximum  proximity  to  a  thin  window  counter. 

A  brief  modification  of  a  simplified  application  of  Hill’s  dipyri- 
dyl  reaction  for  the  determination  of  total  iron  in  the  materia 
fed,  or  that  in  tissues,  is  described  in  order  that  the  specific  radio 
activity  may  be  determined. 
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Automatic  Laboratory  Fractionating  Column 

VICTOR  C.  SMITH,  ARTHUR  L.  GLASEBROOK1,  CHARLES  R.  BEGEMAN,  and  WHEELER  G.  LOVELL 
Research  Laboratories  Division,  General  Motors  Corporation,  Detroit,  Mich. 

Ii  automatic  laboratory  fractionating  column,  one  of  a  number  used 
some  years  for  the  analytical  distillation  of  close-boiling  hydro- 
bons,  is  described  in  detail.  It  is  made  almost  entirely  of  corro- 
n-resistant  metal,  including  a  10-foot  vacuum  jacket.  The  auto- 
tic  features  include  control  of  heat  input  to  the  still  pot,  collec- 
n  of  the  distillate  in  separate  containers,  and  recording  the  volume 
distillate  and  the  distillation  temperature.  Adequate  safety 
/ices  are  provided.  Using  a  modified  removable  Dufton  packing, 

:  column  has  50-ml.  holdup,  1200  ml.  per  hour  throughput,  and 
high  as  120  theoretical  plates.  Detailed  drawings  of  the  column 
slf  and  of  the  electrical  circuits  for  automatic  control  are  included. 

TIIS  paper  describes  an  automatic  laboratory  analytical  dis¬ 
tilling  column,  a  number  of  which  have  been  in  continuous 
;  in  the  General  Motors  Research  Laboratories  for  the  past  ' 
ht  years. 

This  column  has  been  found  very  useful,  since  a  removable 
eking  permits  flexible  operation  with  different  throughputs 
d  efficiencies,  and  the  automatic  features  permit  continuous 
eration,  for  weeks  if  desired,  with  continuous 
wording  and  separate  collection  of  fractions  in 
riable  amount.  The  advantages  of  continuous 
tomatic  operation  have  been  found  in  practice 
be  even  greater  than  anticipated. 

The  basic  requirements  for  a  precise  analytical 
ictionating  column  must  be  met  whether  the 
eration  is  automatic  or  not  (2).  In  addition, 
r  automatic  operation,  it  is  essential  to  have 
od  control  of  throughput  and  take-off.  Since 
e  column  is  to  be  left  unattended,  adequate 
fety  features  must  be  provided  to  prevent  loss 
material,  or  the  creation  of  hazards  should 
ility  services  be  interrupted.  It  is  also  necessary 
record  the  boiling  point  of  the  reflux  and 
eferably  to  collect  samples  separately  for 
blation  or  subsequent  examination. 

I  As  finally  designed,  the  apparatus  consists  of 
still  pot  with  a  back-pressure  manometer  to 
mtrol  the  heat  input,  a  2.5-cm.  (1-inch)  diameter 
!0-cm.  (10.5-foot)  long  vacuum-jacketed 

ilumn  containing  the  packing,  a  temperature 
corder  for  measuring  reflux  temperature  to 
1°  C.,  a  manually-set  continuous  take-off  reflux 
vider  for  total  condensation,  a  buret  controlled 
f  a  phototube  for  discharging  fixed  volumes 
distillate,  a  means  of  recording  the  operation 
the  automatic  buret  on  the  temperature  chart, 
id  a  device  for  collecting  the  distillate  dis- 
larged  by  the  buret  into  separate  receivers, 
iifety  features  include  automatic  shutdown  if 
le  pressure  on  the  water  line  supplying  the 
mdensers  drops  below  a  predetermined  value, 

•  if  the  pressure  drop  across  the  column  ex- 
;eds  a  fixed  amount.  In  addition,  the  electrical 
rcuits  have  been  designed  so  that  the  columns. 

Derate  under  total  reflux  if  the  electronic  tube, 
rojection  lamp,  or  phototube  fails,  and  in  the 
vent  of  power  failure  the  apparatus  shuts  off  and 
■mains  so  until  restarted  manually. 

The  general  arrangement  and  appearance  of 
le  units  are  shown  in  Figures  1  and  2. 

1  Present  address,  Hercules  Powder  Company,  Wil- 

angton,  Del.  Figure  1.  General  Arrangement  of  Six  Automatic  Columns 


STILL  POT  AND  HEAT  CONTROL 

The  still  pots  are  made  from  polished  stainless  steel  or  Monel 
spherical  floats,  17.5  to  22.5  cm.  (7  to  9  inches)  in  diameter,  to 
which  flanged  necks  are  silver-soldered.  The  flange  is  grooved  for 
a  copper  gasket  and  can  be  bolted  to  the  bottom  of  the  column  se¬ 
cure  against  leaks.  It  is  heated  by  an  electric  resistance  element 
attached  directly  to  the  bottom.  To  reduce  the  heat  loss  and 
make  it  more  constant,  the  entire  still  pot  is  surrounded  by  a 
lagged  aluminum  enclosure.  The  details  of  the  assembly  are 
shown  in  Figure  3. 

The  heat  input  to  the  pot  is  controlled  by  the  pressure  drop 
across  the  column,  or  by  the  pressure  in  the  still  pot,  since  the 
columns  are  usually  operated  at  atmospheric  pressure.  This 
maintains  a  fairly  constant  rate  of  throughput.  An  inclined 
two-legged  mercury  manometer  is  used  to  actuate  the  electrical 
controls.  Figure  4  shows  the  circuit  used.  Operation  starts 
when  the  momentary  contact  switch,  M,  is  depressed,  energizing 
the  self-holding  relay,  B,  and  causing  current  to  flow  through  the 
still-pot  heater.  The  magnitude  of  this  current  is  controlled  by 
the  setting  of  Variac  V.  The  heating  of  the  still  pot  continues 
until  sufficient  back  pressure  develops  to  close  a  circuit  through 
the  back-pressure  manometer.  This  causes  relay  U  to  open  and 
puts  resistor  R3  in  the  heating  circuit.  When  the  pressure  again 
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drops  resistor  R3  is  shorted  and  the  current  to  the  heater  is  in¬ 
creased. 

It  is  desirable  to  keep  R3  small  in  order  that  the  heat  input  may  I 
be  as  nearly  constant  as  possible,  but  at  the  same  time  allow  foi ' 
a  rise  in  distillation  temperature  during  an  unattended  period  1 
of  operation.  Satisfactory  operation  has  been  obtained  with  R, 
equal  to  75%  of  still-pot  heater  resistance.  This  permits  about  a  i 
20°  C.  rise  in  distillation  temperature  with  maintenance  of  good 
reflux. 

The  pressure  drop  across  the  column  is  also  used  as  a  limit  on 
the  vaporization  rate  to  prevent  flooding,  or  as  a  safety  device 
in  the  event  of  flooding.  Thus,  if  through  some  unforeseen  cir¬ 
cumstance  the  pressure  should  continue  to  rise  after  resistor  R3  is 
inserted  in  the  heating  circuit,  and  reaches  the  limit,  a  second 
circuit  is  completed  by  the  second  leg  of  the  manometer,  relay  B 
is  shorted,  and  the  heating  current  is  shut  off. 

COLUMN  AND  VACUUM  JACKET 

The  column  consists  of  a  2.5~cm.  (1-inch)  metal  tube  of  Monel, 
Inconel,  or  stainless  steel,  320  cm.  (10.5  feet)  long  containing  the 
packing.  Heat  loss  is  reduced  by  a  vacuum  jacket  of  7.5-cm. 
(3-inch)  diameter  concentric  with  the  2.5-cm.  (1-inch)  tube. 
All  surfaces  are  polished.  The  inner  and  outer  tubes  are  con¬ 
nected  by  very  thin  end  plates  and  a  Monel  metal  bellows  is  in¬ 
serted  in  the  outer  tube  to  allow  for  differential  expansion.  All 
joints  are  made  with  silver  solder.  Details  of  the  jacket  are 
.shown  in  Figures  3  and  5. 

The  jacket  is  permanently  connected  through  a  stopcock  to 
an  evacuating  system  consisting  of  a  diffusion  pump,  McLeod 
vacuum  gage,  and  oil  pump.  Over  a  period  of  about  3  weeks  the 
jacket  pressure  usually  increases  from  10-6  to  about  10“4  mm., 
and  when  the  heat  loss  through  the  jacket  becomes  too  high,  the 
jacket  is  re-exhausted. 

Except  for  the  unavoidably  larger  conductivity  losses  at  the 
ends  of  the  jacket,  the  metal  construction  has  proved  efficient. 
The  heat  loss  at  the  top  end  plate  is  compensated  for  by  a  re¬ 
sistance  heater,  while  the  loss  at  the  bottom  is  unimportant 


Figure  2.  Upper  Part  of  Column  and  Apparatus  for  Collecting 
Distillate  Fractions 


Spiral  dimensions:  length,  10  feet  7  inches;  root  diameter,  0.312  inch;  outside  diameter,  0.875  inch;  width  of  face,  0.040  inch;  5  threads  per  inch 
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Figure  4.  Diagram  of  Still-Pot 
Heat  Control  Circuit 

A.  Weston  model,  476  ammeter, 

0-5  amperes,  a.c. 

B.  Allen  Bradley  relay,  type  A-106, 

C.  0.1  -mfd.  condenser 
L.  Panel  light 

M  Push-button  switch,  momentary 
contact 

P.  Water  pressure  gage 

T.  Thordarson  115-2.5  volt  trans¬ 

former,  type  T19F83 

U.  United  Cinephone  Corp.  relay, 

type  ES-1  5 

V.  General  Radio  Co.  Variac  trans¬ 

former,  type  200C 

W.  Low  water  pressure  shut-off  relay 
R i.  1  5-ohm  dividohm 

/?2.  200-ohm  resistor 
Rz.  Ohmite  model  N  rheostat,  stock 
No.  0658 


Figure  5.  Detailed  View  of  Column,  Upper  Assembly 
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RECORDER 


Figure  6.  Diagram  of  Circuit  for  Automatically  Changing 
Temperature  Recording  Ranges 

•4.  Contacts  actuated  by  slide-wire  position 
L.  Recorder  range  lights 
5.  Automatic  Electric  Co.  stepping  relay,  R  A77 
T,  Time-delay  switch 


Figure  7.  Detailed  View  of 
Thermocouple  Fitting,  Show¬ 
ing  Kovar-Glass  Seal 


since  it  occurs  before  thf 
vapor  enters  the  fractionat 
ing  section  and  can  be  com 
pensated  for  by  greater  va 
porization  in  the  still  pot. 

STILL  HEAD  AND  TAKE-OFF 
VALVE 

The  still  head  consists  of  1 1 
condenser,  reflux  divider,  drij 
tube,  and  take-off  valve.  T< 
permit  visibility  of  the  drij 
tube,  a  2.5-cm.  (1-inch)  lonf 
glass-Kovar  section  is  soft 
soldered  between  the  columr  • 
and  the  reflux  divider. 

A  metal  condenser  was  usee 
in  the  original  still  head,  bui 
the  high  conductivity  of  the 
metal,  coupled  with  slighi 
variations  in  the  flow  of  con 
denser  water,  made  it  difficult 
to  confine  condensation  tc 
the  proper  region  of  the  stil 
head.  This  also  affected  ad¬ 
versely  the  recorded  distilla 
tion  temperature.  For  thif 
reason,  a  Pyrex  condenser  wa- 
substituted,  necessitating  thf 
use  of  another  glass-Kovai 
seal  to  obtain  a  leakprool 
connection  between  glass  anc 
metal  parts.  (Kovar  is  a 
special  glass-sealing  allot  - 
made  and  sold  by  Stupakofl 
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A-  AUTOMATIC  ELECTRIC  CO  STEPPING  RELAY  -  RA  77 
B  -  5  POSITION  SELECTOR  SWITCH  -  YAXLEY  1235-L 
C  -  GEN  RADIO  CO.  VARIAC  TRANSFORMER  TYPE  80-A 

D  -  UNITED  CINEPHONE  CORP  ELECTRONIC  SWITCH 
RELAY  -  TYPE  EST5 

E  -  STRUTHERS-DUNN  RELAY-TYPE  CS  1258 
F  -  AUTO.  ELECTRIC  CO.  DASHPOT  RELAY  -  SERIES  DAC 
G-  SOLENOID  OPERATED  DUMP  VALVE  8.  AUX  PEN 
H-  STRUTHERS- DUNN  RELAY-TYPE  ASBX I 
P  '  PROJECTION  LAMP 

V-  WESTON  MODEL  476  VOLTMETER  -  0-8V.  AC 


Figure  8.  Diagram  of  Circuit  for  Automatically  Discharging  Fixed  Volumes  of  Distillate 
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ramie  and  Manufacturing  Co.,  Latrobe,  Pa.) 
ae  product  is  withdrawn  from  a  collecting 
ag  type  of  reflux  divider  through  a  needle 
dve.  The  reflux  ratio  is  determined  by  the 
te  of  product  withdrawal  and  the  rate  of 
roughput  controlled  by  the  pressure  drop 
toss  the  still. 

In  order  to  avoid  loss  of  uncondensed  ma- 
rial  with  its  attendant  hazard,  due  to  failure 
the  water  supply,  a  pressure  switch  control- 
lg  the  main  power  supply  through  a  normally 
ased  relay,  as  shown  in  Figure  4,  is  attached 
the  water  line  supplying  the  condensers.  The 
essure  switch  is  set  so  that  the  power  supply 
lay  will  open  whenever  the  water  pressure 
ops  below  0.9  kg.  (2  pounds)  for  a  period 
nger  than  3  minutes. 


RECORDING  THE  REFLUX  TEMPERATURE 

In  order  to  record  the  reflux  temperature  to 
1*  C.,  a  triple-junction  copper-constantan 
iermocouple,  constructed  from  No.  28  B.  &  S. 
ige  wire,  is  used  with  the  cold  junction  in  ice. 
he  e.m.f.  developed  by  the  couple  is  recorded 
r  a  Leeds  &  Northrup  Micromax  potentiom- 
er  constructed  for  maximum  sensitivity  with 
25-cm.  (10-inch)  scale  range  of  5  millivolts, 
o  cover  the  temperature  range  encountered 
distillation  (20°  to  150°  C.)  corresponding 
'  about  20  millivolts,  the  potentiometer  has 
?e  overlapping  ranges  of  —1  to  4,  3  to  8,  7  to  12,  11  to  16, 
id  15  to  20  millivolts,  which  are  changed  automatically. 

The  wiring  diagram  for  the  automatic  range-changing  mecha- 
sm  is  shown  in  Figure  6.  Contacts  on  the  recorder  slide  wire 
:tuate  a  stepping  relay,  S,  which  changes  loading  coils  in  the 
itentiometer  circuit  as  the  temperature  increases  or  decreases 
;yond  a  particular  scale  range.  However,  since  the  potentiom- 
er  has  automatic  standardization,  provision  has  to  be  made  for 
te  possibility  of  standardization  occurring  at  the  instant  that  the 
nge  is  being  increased.  To  make  the  range-changing  mecha- 
sm  of  universal  applicability,  as  well  as  for  the  reason  just 
ated,  a  time-delay  relay,  T,  is  i  nserted  in  the  advancing  circuit, 
his  relay  introduces  a  30-second  delay  between  any  two  succes- 
ve  advances  in  the  range. 

The  thermocouples  located  in  the  still  head  just  below  the  con- 
enser  are  made  leakproof  by  means  of  a  glass-metal  seal,  and 
ustalled  as  a  compression  fitting  The  method  of  installation  is 
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A-  SELECTOR  SWITCH-VOLUME  RECORDING 
CIRCUIT 

B-  STEPPING  RELAY  -VOLUME  RECORDING 
CIRCUIT 

c-  ALLEN-BRADLEY  RELAY  -  TYPE  AI67 
D-  ALLEN-BRADLEY  RELAY  -  TYPE  AM  187 
E-  STRUTHERS-DUNN  RELAY  -  TYPE  TD97  - 
90  SECOND  DELAY 

F-  GEAR  MOTOR  FOR  TURNI’NG  BOTTLE  RING 
G-  CAM  OPERATED  SWITCH  ON  BOTTLE 
RING 


Figure  9.  Diagram  of  Circuit  for  Automatically  Changing 
Distillate  Fraction  Receivers 


APPROXIMATE  THROUGHPUT  -  CC.  /  HR 


Figure  10.  Column  Packing  Performance 

Data  obtained  using  n-heptane-methyleyclohexane  mixture,  a  “1.07 
#  Theoretical  plates 

O  Height  equivalent  per  theoretical  plate 


shown  in  Figure  5  and  the  details  of  the  thermocuple  seal  are 
shown  in  Figure  7.  The  standard  compression  fitting  is  made 
from  Ivovar,  so  that  glass-metal  seals  can  be  used  between  six 
small  Kovar  tubes  and  the  larger  body,  and  a  thermocouple 
wire  is  inserted  through  each  of  the  six  tubes  and  sealed  with 
soft  solder. 


VOLUME-RECORDING  CIRCUIT 

After  leaving  the  take-off  valve,  the  distillate  flows  down  a 
glass  tube  which  is  closed  at  the  lower  end  by  a  solenoid-operated 
valve.  The  tube  is  covered  with  a  blackened  shield  containing 
a  narrow  slit  through  which  a  light  beam  is  focused  on  a  photo¬ 
tube.  The  distillate  can  build  up  in  the  tube  until  an  opaque 
float  reaches  the  transparent  slit  and  interrupts  the  light  beam  to 
the  phototube.  At  this  point  the  phototube  circuit  opens  the 
solenoid  valve  and  also  records  the  event  on  the  temperature 
chart  by  means  of  an  additional  recording  pen. 

The  electrical  operation  of  the  volume-recording  mechanism  is 
shown  in  Figure  8.  When  the  light  beam  from  the  projection 
lamp,  P,  to  the  photocell  is  interrupted,  the  relay  of  the  electronic 
switch,  D,  closes  and  actuates  the  coil  of  the  normally  open 
single-throw  relay,  E.  Relay  E  in  turn  operates  the  solenoid 
valve  and  an  auxiliary  pen  on  the  temperature  recorder.  Once 
E  closes,  it  is  made  to  remain  closed  until  the  distillate  tube  has 
drained.  Five  seconds  are  allowed  for  the  emptying  and  draining 
of  the  buret.  At  the  end  of  this  period  the  time  delay  relay,  F, 
breaks  the  current  to  E  and  causes  the  valve  to  close  and  remain 
closed  until  the  mechanism  is  again  actuated  by  interruption  of 
the  light  beam. 

The  position  of  the  slit  on  the  collecting  buret  determines  the 
volume  increment  discharged  at  each  operation  of  the  valve. 
This  is  arbitrarily  fixed  at  about  2.5  ml. 


AUTOMATIC  BOTTLE  CHANGER 

Each  volume  increment  discharged  by  the  solenoid-operated 
valve  is  collected  in  a  receiver.  At  the  discretion  of  the  operator, 
1-  to  5-volume  increments  (2.5  to  12.5  ml.)  can  be  collected  as  an 
individual  fraction  before  a  new  receiver  is  put  in  place.  How¬ 
ever,  in  all  cases  each  2.5-ml.  volume  increment  is  individually 
recorded  in  the  temperature  record. 

The  distillate  receivers  consist  of  small  threaded  bottles  which 
are  screwed  into  bronze  bushings  against  a  thin  Perbunan  gasket. 
A  brass  tube  extends  through  the  bushing  down  below  the  neck  of 
the  bottle.  Sixty  of  these  bushings  are  held  in  an  aluminum  ring 
which  is  rotated  by  a  gear  motor  after  each  fraction  is  collected. 
The  bushings  are  held  by  bronze  springs  against  an  upper  sta¬ 
tionary  aluminum  ring  with  a  bronze  insert,  the  surface  of  which 
is  graphitized.  The  upper  ring  has  one  opening  through  a  vented 
bushing  directly  beneath  the  discharge  side  of  the  solenoid- 
operated  valve.  When  the  valve  discharges,  the  liquid  passes 
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which  short  out  the  coil  of  relay  C,  opening  thi 
contacts,  and  breaking  the  motor  circuit.  The  circui 
is  then  in  position  for  the  next  change  of  receivers 
Because  of  the  large  gear  reduction  and  the  very  slot 
rate  of  travel  of  the  bottle  ring,  the  latter  stop 
quickly  when  the  motor  current  is  interrupted. 


PERFORMANCE 


The  performance  of  the  column  as  a  separatinj 
device  obviously  depends  upon  the  type  of  packin; 
used.  Fenske  helices  and  a  modified  Dufton  ( 1 
packing  have  been  used  successfully.  For  analytics 
purposes,  a  spiral  packing  has  been  preferred  in  thi 
laboratory.  The  packing  is  made  by  turning  squar 
threads  of  appropriate  dimensions  in  a  Monel 
stainless  steel  rod.  The  outside 


aE 

diameter  of  th 

r 

thread  is  ground  to  fit  closely  the  inner  tube  of  thi 


vacuum  jacket.  The  spiral  dimensions  and  metho< 


of  assembly  are  shown  in  Figure  3. 

With  this  packing,  the  column  efficiency  at  tota 
reflux  was  determined  in  the  usual  manner,  usinj 
rc-heptane-methylcyclohexane  test  mixture,  and  thi 
data  are  summarized  in  Figure  10.  The  dynamii 
holdup  was  determined  with  n-heptane  and  stearii 
acid  and  found  to  be  35  to  40  ml.  The  throughput  o 
the  column,  as  usually  operated,  is  about  8  ml.  oi 
more  of  liquid  per  minute,  and  thi 
take-off  rate  adjusted  to  maintain  t 
reflux  ratio  appropriate  to  the  sepa¬ 
ration  desired.  Distillation  loss,  ever 
with  continuous  operation  over  t 
period  of  weeks,  is  usually  of  thi 
order  of  1  or  2%,  without  correctior 
for  static  holdup. 

The  columns  require  a  minimum  ol 
attention;  it  is  only  necessary  tc 
keep  the  thermocouple  iced,  check 
the  take-off  rate  and  heat  input,  add 
and  remove  vials,  maintain  a  supply 
of  paper  and  ink  in  the  recorder,  and" 
exhaust  the  vacuum  jackets  occa-; 


Figure  12. 


Distillation  Curves  for  Mixture  of  Certain  Hexenes  Having  a  2-Methylpentene 

Structure 


sionally.  The  six  columns  in  this 
laboratory  are  attended  by  one  maD 
during  the  day,  and  run  unattended 
the  remainder  of  the  time. 

Figures  1 1  and  12  show  the  quality 
of  the  distillation  analysis  obtained. 
Since  the  reflux  temperature-volume 
record  may  be  30  to  60  yards  long, 
the  data  have  been  replotted  in  the 
conventional  manner,  together  with 
the  refractive  indexes  of  the  cuts. 
Figure  11  shows  the  analysis  of  a 
mixture  of  isomeric  hexanes;  the 


down  through  this  opening  into  a  bottle.  The  assembly  is  shown 
in  Figure  5. 

Referring  to  Figure  8,  it  can  be  seen  that  when  relay  E  operates, 
it  energizes  the  advancing  coil  of  a  stepping  relay,  A.  When  the 
position  of  the  contacts  on  the  stepping  relay  are  such  that  a  cir¬ 
cuit  is  completed  through  manually  set  volume  selector  switch, 
B,  the  motor  circuit  functions. 

The  electrical  operation  of  the  bottle-changing  mechanism  is 
shown  in  Figure  9.  Relay  D  is  energized  and  in  turn  energizes 
relay  C.  When  once  closed,  C  is  self-energizing.  C  also  closes 
the  circuit  to  the  time-delay  relay,  E.  After  allowing  90  seconds 
for  complete  drainage  of  the  liquid  into  the  bottle,  the  time  delay 
relay  closes,  starting  gear  motor,  F,  and  returning  the  stepping 
relay  to  the  home  position.  The  outer  edge  of  the  lower  ring 
contains  sixty  equally  spaced  slots  and  in  the  “at  rest”  position 
a  cam  follower  is  at  the  bottom  of  one  of  the  notches.  As  the 
ring  rotates,  the  cam  follower  is  lifted  and  operates  switch  G, 
causing  relay  D  to  reset.  As  the  ring  rotates  further,  the  cam 
follower  suddenly  slips  into  the  next  slot  and  closes  contacts 


refractive  indexes  of  the  material  on  the  plateaus  correspond 
to  those  of  the  pure  compounds.  The  purity  of  the  material  was 
also  substantiated  by  freezing  point  determination.  The  analysis 
of  a  mixture  of  isomeric  single-branched  hexenes  is  shown  in 
Figure  12;  again  very  good  separation  is  shown,  including  the 
separation  of  cis-  and  iran-s-4-methylpentene-2. 
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An  Extractor  for  Use  with  Reduced  Pressure 

W.  F.  BARTHEL 
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I  THE  course  of  work  on  the  preparation  of  purified  pyrethrin 
(concentrates  ( 1 )  it  was  desirable  to  know  whether  any  of  the 
isver  commercial  solvents  could  be  used  in  place  of  petroleum 
«ier  and  ethylene  dichloride  for  the  extraction  of  pyrethrum 
Iwers.  As  many  of  these  newer  solvents  have  too  high  a  boil- 
;  point  to  be  distilled  on  a  steam  bath  at  atmospheric  pressure, 
•|  extractor  was  designed  to  permit  their  use  at  reduced  pres¬ 
ses.  When  heated  at  temperatures  above  100°  C.  for  any  length 
( time,  the  structure  of  the  pyrethrins  is  altered  and  their  tox- 
ty  to  insects  greatly  reduced. 

Soxhlet  extraction  apparatus  has  several  disadvantages  when 
jd  with  vacuum.  The  spiral  condensers  often  furnished  with 
soxhlet  apparatus  cannot  be  used  under  reduced  pressure  be- 
jise  they  flood.  The  usual  Adlihn  condensers  are  too  short 
i  d  also  flood  when  the  pressure  fluctuates.  The  siphon  of  the 
Ixhlet  does  not  function  properly,  owing  to  the  difference  in 
I  jssure  between  the  top  part  of  the  apparatus  and  the  bottom. 

!ie  large  joints  of  the  Soxhlet  require  grease  to  hold  a  vacuum 
d  to  prevent  sticking.  Some  of  this  grease  is  removed  on  pro- 
lged  refluxing,  thus  contaminating  the  extract. 


'Wasitzky  (6)  designed  an  apparatus  for  microextractions 
i  der  reduced  pressure,  but  it  was  too  small  for  use  with  samples 
i  large  as  were  required  in  this  project.  A  simple  enlargement 
I  his  apparatus  would  produce  an  unwieldy  piece  of  equipment 
l  >m  which  the  extract  would  be  difficult  to  remove  and  weigh 
iantitatively. 

aMacheboeuf  and  Fethke  have  designed  two  pieces  of  apparatus 
*'  extractions  at  reduced  pressure.  One  {4)  was  similar  to 
lasitzky’s  in  principle  and  for  the  same  reason  was  not  satis- 
I  story  for  the  author’s  work.  The  other  (5),  besides  being  bulky 

Id  fragile,  had  the  disadvantage  of  having  flat  ground  joints 
lich  permit  too  much  air  to  leak  into  the  apparatus.  When  a 
vent  with  a  high  vapor  pressure  is  used,  this  air  leakage  will 
id  to  carry  out  much  of  the  solvent  from  the  apparatus.  The 
paratus  of  Hambleton  (3)  is  constructed  with  flat  ground  joints, 
le  statement  is  made  that  with  this  apparatus  the  leakage 
,iounts  to  20  or  30  ml.  per  minute  when  the  pressure  inside  is 
0  to  200  mm.  absolute.  In  the  extractor  described  below  the 
pillary  used  to  effect  smooth  ebullition  does  not  permit  near 
is  volume  of  gas  to  enter.  All  the  designs  referred  to  ap- 
rently  depend  upon  boiling  tubes  for  smooth  ebullition  and 
less  extreme  precautions  are  taken  to  maintain  constant 
essure  the  boiling  tube  will  cease  to  function  properly. 


The  apparatus  pictured  in  Figure  1  was  made  for  use  at  re- 
iced  pressures,  but  it  may  be  used  satisfactorily  under  at- 
bspheric  conditions  when  desirable.  It  was  made  as  simple  as 
■ssible  without  interfering  with  good  extraction. 

As  may  be  seen  from  Figure  1,  it  is  a  modified  Butt  extractor 
).  In  order  to  keep  the  material  to  be  extracted  continuously 
vered  with  fresh  solvent,  a  glass  thimble,  D,  with  overflow 
be,  1,  was  made. 

A  condenser,  A,  has  a  cooling-surface  extension  below  the 
ound  joint  to  prevent  contamination  of  the  extract  with  grease 
>m  this  joint.  This  extension  aids  in  holding  a  good  vacuum, 
here  is  no  trouble  with  flooding  of  the  finger  condenser.  In 
joper  use  little  solvent  is  lost  from  the  apparatus,  owing  to  the 
rge  surface  of  the  condenser. 

To  set  up  the  apparatus  a  wad  of  cotton  is  placed  in  the  closed 
ittom  of  the  thimble,  D,  care  being  taken  to  get  it  evenly  dis¬ 
puted  so  that  the  solid  materials  will  not  get  into  overflow 
be  1.  The  sample  (20  to  30  grams)  of  plant  material  to  be 
tracted  is  next  put  in  place,  then  another  wad  of  cotton,  and 
>ally  a  circle  of  wire  screening  to  prevent  the  material  from  blow- 
g  out  with  variations  in  pressure.  Projections,  2,  keep  the  wire 
place.  A  small  piece  of  wire  may  be  fastened  to  the  screening 
aid  in  its  removal  when  refilling  the  thimble. 

The  thimble  is  placed  in  the  body  of  the  extractor,  B,  resting 
1  i  projections  3,  which  permit  free  flow  of  vapor  and  liquid, 
mdenser  A  and  the  boiling  flask,  C,  are  put  in  place,  the 
ound  joints  being  greased.  The  grease  on  the  joint  of  the  boil¬ 


ing  flask  may  tend  to  contaminate  the  extract;  however,  it  is  a 
small  joint,  and  if  only  enough  grease  is  used  to  prevent  leakage 
of  air  the  contamination  will  be  slight.  Specially  made  ground 
joints  sold  under  the  name  of  “No  Lub”,  which  require  no  lubri¬ 
cation,  could  be  used  where  all  contamination  with  grease  must 
be  excluded.  The  manufacturer’s  directions  must  be  followed 
for  proper  use  of  these  special  joints,  or  the  finely  ground  face 
will  become  marred  to  the  point  where  they  have  no  advantage 
over  ordinary  joints. 

Solvent  can  be  added  through  side  tube  4.  A  capillary  tube 
is  placed  in  4  through  a  well-rolled  tight-fitting  cork.  For  the 
extraction  of  pyrethrins  it  is  best  to  run  carbon  dioxide  or  nitro¬ 
gen  through  the  capillary  tube.  Water  enters  the  condenser  at 
5  and  leaves  at  6.  The  vacuum  line  is  attached  at  7.  It  is 
desirable  to  trap  the  vacuum  line  with  ice  to  prevent  loss  of  sol¬ 
vent.  To  prevent  vibration  of  the  inner  water  tube,  8,  in  the 
condenser,  projections,  9,  were  blown  in  the  condenser.  These 
projections  do  not  touch  the  inner  tube.  It  was  found  that  the 
time  for  extraction  depended  on  the  kind  of  solvent,  which  passes 
through  the  thimble  at  about  2  ml.  per  minute. 

For  his  purpose  the  author  used  a  water  bath  to  heat  the  boil¬ 
ing  flask,  but  it  would  work  just  as  well  on  a  steam  bath.  As  the 
pyrethrins  tend  to  decompose  at  elevated  temperatures,  he  has 
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had  no  occasion  to  use  this  apparatus  at  temperatures  higher 
than  100°  C.  If  a  solvent  that  does  not  boil  at  reduced  pressure 
on  a  steam  bath  is  to  be  used,  a  heating  mantle  with  a  trans¬ 
former  for  temperature  control  might  be  desirable.  The  ap¬ 
paratus  may  be  set  up  in  banks,  in  which  case  one  ice  trap  would 
do  for  several  extractors,  provided,  of  course,  that  the  capillary 
tubes  are  small  enough  to  prevent  too  much  gas  from  entering. 
When  the  apparatus  is  used  at  atmospheric  pressure,  no  cap¬ 
illary  tube  is  required;  side  tube  4  is  then  closed  with  a  tight- 
fitting  cork.  Smooth  boiling  in  this  case  is  brought  about  by 
boiling  chips. 


Flowmeter  for  Gaseous  Anhydrous  Hydrogen  Fluoride 

WARREN  S.  PETERSON 

Process  Metallurgy  Division,  Aluminum  Research  Laboratories,  New  Kensington,  Pa. 

inch)  length  of  copper  rod.  To  ensure  constant  molecular  weigl 
and  viscosity,  the  hydrogen  fluoride  immediately  before  enterii 
the  flowmeter  was  led  through  a  copper  tube  in  a  condensi 
maintained  at  100°  C.  by  the  condensation  of  steam.  T1 
connection  between  the  meter  and  the  copper  tube  in  the  coi 
denser  was  made  with  neoprene  tubing;  this  connection  coul 
be  improved  by  making  a  permanent  brazed  joint  or  introducii 
an  automobile-oil-line  type  of  connection.  The  flowmeter  wi 
calibrated  by  absorbing  the  hydrogen  fluoride  in  solid  sodiui 
fluoride  in  aluminum  tubes. 

A  flowmeter  of  this  type  was  recalibrated  after  almost  coi 
tinuous  use  for  over  a  month  and  found  to  check  very  closel 
with  the  original  calibration.  This  gage  had  a  range  up  1 
0.78  gram  of  hydrogen  fluoride  per  minute  for  a  change  in  pre 
sure  up  to  100  mm.  in  the  glass  arm  of  the  manometer. 

The  meter  should  be  purged  with  dry  air  immediately  aftn 
the  hydrogen  fluoride  flow. is  discontinued,  to  prevent  corrosic 
that  might  occur  if  residual  hydrogen  fluoride  picked  up  moistui 
while  the  meter  was  not  in  use. 
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HF  AT  COMSTAMT  TEMP.  AND  MOLECULAR  WT. 


ANHYDROUS  hydrogen  fluoride  has  become  a  common 
/  \  laboratory  reagent  available  commercially  in  cylinders. 
Because  of  the  reaction  between  hydrogen  fluoride  and  glass 
and  the  marked  dependence  of  viscosity  and  molecular  weight 
of  gaseous  hydrogen  fluoride  on  temperature  (I)  ,the  usual  type 
of  laboratory  flow  gage  cannot  be  used. 

The  flowmeter  (Figure  1)  described  here  was  of  great  value  in 
determining  approximately  the  amounts  of  anhydrous  hydrogen 
fluoride  used  in  operations  where  a  relatively  small,  continuous 
flow  of  gas  was  employed.  The  parts  of  the  apparatus  exposed 
to  hydrogen  fluoride  were  constructed  of  copper;  kerosene  served 
as  the  confining  liquid.  Copper-glass  construction  of  the  two 
open-end  manometers  allowed  readings  of  pressure  differentials 
caused  by  the  passage  of  gas  through  the  capillary  in  the  copper 
rod;  Monel  metal  or  magnesium  might  be  used  to  advantage 
for  this  capillary. 

Copper  tubing  1.1  cm.  (7/i«  inch)  in  inside  diameter  was  used, 
with  9-mm.  Pyrex  tubing  in  the  manometers.  The  capillary 
was  a  0.07-cm.  (0.028-inch)  diameter  hole  in  a  3.1-cm.  (1.25- 


The  apparatus  as  described  has  been  used  at  reduced  pressur 
with  many  solvents  that  boil  at  temperatures  between  90°  &r 
125°  C.  (760  mm.). 
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Small  Continuous  Liquid-Liquid  Extractors 

M.  WAYMAN  and  G.  F.  WRIGHT 
Chemical  Laboratory,  University  of  Toronto,  Toronto,  Canada 


N  f'' 


T  CONNECTION  with  the  extraction  of  aqueous  Bios  IIB 
solutions  in  small  quantities  by  immiscible  solvents,  the  un- 
orable  partition  coefficient  between  water  and  solvent  made 
mperative  that  continuous  extractor  capacities  of  1  to  30  cc. 
available.  Considerable  difficulty  was  encountered  in  at- 
npts  to  use  conventional  designs  ( 1 ,  S)  in  small  capaci- 
s  and  thase  were  finally  modified  as  described  in  this 
per.  The  apparatus  was  found  to  be  extremely  useful,  even 
;h  favorable  partition  coefficients  in  analytical  procedures  in- 
t  ent  to  organic  chemical  research,  where  it  was  important  to 
viate  losses  difficult  to  avoid  with  small  separatory  funnels  or 

with  the  suction  pipet.  For 
^  example,  the  quantitative  ex¬ 

traction  of  divalolactone  or  di- 


butolactone  from  its  aqueous 
solution  by  ether  required 
twenty  hand  extractions  with 
some  loss,  as  contrasted  to  a 
90-minute  continuous  extrac¬ 
tion  without  loss,  while  time 
was  saved  by  simultaneous 
operation  of  several  ex¬ 
tractors  (4). 


Figure  1  illustrates  an  8-cc. 
extractor  for  immiscible  sol¬ 
vents  lighter  than  water. 
The  solvent  boiling  in  D  is 
condensed  and  falls  into  B 
where  it  builds  up  sufficient 
pressure  to  force  bubbles  of 
solvent  to  pass  through  the 
extraction  chamber,  C.  To 
facilitate  the  flow  of  solvent 
back  to  the  boiler,  the  T 
joint  at  G  is  ground  off  at 
45°. 

The  extraction  chamber  was 
Figure  2  constructed  in  a  shape  that 


would  delay  the  solvent  in  its  passage  through  the  aqueous  solution 
prolonging  the  time  of  contact.  The  wave  shape  shown  at  K' 
represents  a  view  from  above,  the  plane  of  the  waves  being  at 
right  angles  to  the  plane  of  the  paper.  Another  form  which  has 
been  found  satisfactory  consists  of  a  series  of  bulbs  on  the  upper 
side  of  the  extraction  chamber,  as  described  for  the  micro  meth- 
oxyl-absorption  chamber  (£). 


Figure  3  Extractor  for  Solvents  Heavier  Than  Water 


In  the  smaller  extractors  large  bubbles  of  solvent  may  push  the 
aqueous  layer  ahead  of  them  in  the  narrow  extraction  chambers. 
It  is  therefore  imperative  that  the  bubbles  be  very  fine.  The 
authors  have  not  been  successful  in  making  openings  of  the  right 
size  and  shape  by  thickening  the  glass  as  shown  at  H  when  the 
extractor  is  built  to  contain  less  than  20  cc.  Two  successful 
alternatives  are  shown  at  H'  and  H".  A  constriction  of  the  type 
of  H'  is  made  by  heating  the  end  of  a  piece  of  Pyrex  tubing  for  a 
very  short  distance  in  the  flame  until  it  almost  closes  itself  off, 
and  while  still  hot  pushing  this  into  the  hot  end  of  the  piece  of 
glass  tubing  which  is  to  become  the  extraction  chamber.  With 
care  the  glass  can  be  heated  hot  enough  to  work  before  annealing 
without  narrowing  the  opening.  A  capillary  jet  of  the  type 
shown  at  H '  should  be  cut  off  sharp. 

When  using  extractors  of  5-cc.  capacity  or  less,  a  too-rapid 
stream  of  ether  through  the  extraction  chamber  resulted  in  the 


Table  1. 

Dimensions  of  Extractors  of  Type  Illustrated  in 

(A  is  T  19/38  and  Q  is  10/30  in  all  cases) 

Figure 

Capacity 

c 

B,  O.D. 

F,  O.D. 

L 

M 

Cc. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

1 

7  O.D.  X  65 

5 

8 

110 

65 

2 

7  O.D.  X  105 

5 

8 

160 

80 

5 

10  O.D.  X  100 

6 

8 

150 

90 

10 

10  O.D.  X  150 

6 

10 

210 

125 

15 

12  O.D.  X  180 

6 

10 

240 

140 

25 

14  O.D.  X  210 

8 

10 

275 

160 

55 
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accumulation  of  water  in  the  boiler.  To  cut  down  the  amount 
of  heat  received  by  D,  round-bottomed  flasks  of  about  5-cc.  ca¬ 
pacity  are  used  for  extractors  whose  capacity  is  5  cc.  or  less. 
The  ratio  of  L  to  M  (Figure  1)  should  be  about  1.7.  In  the 
smaller  extractors,  where  the  smaller  opening  at  H  causes  in¬ 
creased  resistance,  this  ratio  is  increased  to  2.0.  Some  examples 
of  dimensions  are  given  in  Table  I. 

Figure  2  illustrates  another  type  of  liquid-liquid  extractor 
for  solvents  lighter  than  water.  This  form  has  a  shorter  path  for 
vapor  flow  between  boiler  and  condenser,  resulting  in  easier  cir¬ 
culation  of  extracting  solvent.  It  has  the  disadvantage  that  sam¬ 
pling  of  extracted  liquor  is  not  feasible;  with  the  type  previously 
discussed  spot  samples  can  be  withdrawn  by  introducing  a  cap¬ 
illary  pipet  to  the  bottom  of  B,  Figure  1. 


Figure  3  illustrates  a  25-cc.  extractor  for  solvents  heav 
than  water.  The  shape  shown  for  the  extraction  chamber, 
has  been  found  satisfactory.  The  15-mm.  glass  tubing  of  whi 
B  is  made  is  heated  over  a  short  distance  and  pushed  in  to  abo 
half  the  depth  of  the  extraction  chamber  with  the  edge  of  a  kn 
to  form  each  “step”.  The  bubbles  of  solvent  descending  throu 
B  are  delayed  at  each  step,  thus  allowing  more  time  for  equili 
rium  to  be  established  between  the  solvent  and  the  aqueous  soi 
tion. 
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Determination  of  Carbon,  Hydrogen,  and  Chlorine  in 

Gaseous  Compounds 

Application  of  the  Microtrain 

E.  W.  BALIS,  H.  A.  L1EBHAFSKY,  AND  L.  B.  BRONK,  Research  Laboratory,  General  Electric  Co.,  Schenectady,  N.  Y. 


The  policy  of  this  laboratory  has  been  to  use  the  microtrain  in  the 
study  of  problems  different  from  the  routine  determination  of  carbon 
and  hydrogen,  and  to  modify  the  train  in  whatever  way  these  prob¬ 
lems  seemed  to  require.  On  the  whole,  this  policy  has  been 
successful,  although  the  work  has  not  always  been  carried  far  enough 
to  give  results  of  the  highest  precision. 

The  following  determinations  have  been  carried  out  on  the  train 
modified  in  various  ways:  the  ultimate  analyses  of  gaseous  hydro¬ 
carbons,  of  chlorinated  hydrocarbons,  and  of  hydrogen  chloride,- 
the  ultimate  analysis  of  the  highly  volatile  liquid  methylene  chloride,- 

THE  quantitative  determination  of  carbon  and  hydrogen  by 
microcombustion  is  of  comparatively  recent  origin.  It  is 
consequently  not  surprising  that  much  of  the  effort  in  this  field 
has  thus  far  been  concentrated  on  the  most  challenging  problem 
involved — namely,  the  obtaining  of  routine,  accurate  results 
on  small  samples  of  organic  solids.  Necessary  as  this  work  has 
been,  and  valuable  though  its  results  are,  the  emphasis  on  rou¬ 
tine  and  on  accuracy  has  inevitably  fostered  a  conservative  atti¬ 
tude  toward  radical  changes,  with  the  result  that  the  versatility 
of  the  microtrain  has  not  always  been  widely  appreciated. 

In  the  wide  range  of  problems  with  which  this  laboratory  is 
concerned,  high  precision,  while  welcome,  is  not  usually  an  indis¬ 
pensable  requirement.  It  has  accordingly  often  been  possible 
to  modify  the  microtrain  to  suit  a  particular  problem  without 
stopping  to  prove  that  the  modification  in  question  brought  with 
it  the  ultimate  in  precision.  The  microdetermination  of  carbon 
in  steels  and  alloys  has  been  reported  (1) ;  the  simultaneous  de¬ 
termination  of  carbon,  hydrogen,  and  chlorine  in  gases  and  vapors 
is  described  below. 

About  a  year  ago,  it  became  necessary  to  determine  the  com¬ 
pleteness  of  combustion  when  a  hydrocarbon  fuel  was  burned 
with  a  large  excess  of  oxygen.  The  combustible  compounds  of 
carbon  and  hydrogen  remaining  in  the  exhaust  gas  corresponded 
to  less  than  0.1  mg.  of  total  carbon  and  hydrogen  per  liter.  By 
the  introduction  of  a  suitable  gasholder,  and  by  proper  manipu¬ 
lation,  the  problem  was  solved  on  the  microtrain.  Subsequently 
it  became  desirable  to  investigate  the  simultaneous  determina¬ 
tion  of  carbon,  hydrogen,  and  chlorine;  work  was  therefore  begun 
on  the  ultimate  analysis  of  methyl  chloride  and  of  methylene 


an  estimate  of  completeness  of  combustion  when  only  traces  1 
material  remained  unburned,-  an  estimate  of  the  vapor  pressure  ' 
camphor,  a  relatively  nonvolatile  substance. 

Combined  chlorine  was  determined  by  weighing  an  absorptic 
tube  containing  silver.  Before  quantitative  results  could  be  o 
tained,  it  was  necessary  to  explore  the  fixing  of  chlorine  by  silver 
various  temperatures.  Although  this  exploration  needs  to  be  e 
tended,  it  seems  clear  that  the  process  involves  reactions  other  thi 
the  simple  oxidation  of  silver  by  elementary  chlorine.  Vario 
techniques  found  advantageous  in  this  laboratory  are  described. 

chloride,  these  being  the  two  simplest  chlorinated  hydrocarbon 
For  this  work,  the  micro  train  was  modified  by  including  a  diffe 
ent  type  of  gasholder,  and  a  separate  quartz  tube  containii 
silver,  which  permitted  (for  the  first  time  to  the  authors’  know 
edge)  the  direct  weighing  of  the  chlorine  as  silver  chloride. 

These  applications  have  in  turn  suggested  others.  For  e: 
ample,  instead  of  analyzing  an  exhaust  gas,  one  can  determii 
carbon  in  an  atmosphere  saturated  with  the  vapor  of  an  organ 
compound,  which  makes  it  possible  to  measure  vapor  pressuri 
in  the  difficult  range  near  0. 1  mm.  Highly  volatile  liquids,  usual! 
awkward  to  handle  quantitatively  according  to  the  commc 
methods,  have  been  analyzed  without  difficulty  by  vaporizir 
weighed  samples  thereof  in  a  closed  space  prior  to  combustion. 

When  the  present  work  was  prepared  for  publication,  it  wf 
discovered  (not  unexpectedly)  that  previous  investigators — Ki 
ner  (6),  for  example — had  modified  the  microtrain  in  ways  suf 
gestive  of  those  described  below.  Pregl  himself  (10)  used  a  ga: 
holder  to  collect  the  gas  from  his  microtrain  for  recirculation  t 
ensure  complete  combustion.  In  view-  of  this  fact,  the  authoi 
were  surprised  to  find  only  one  other  mention  of  a  gasholder  bein 
used  with  the  train  (11),  and  here  neither  reference  nor  data  ai 
included.  Marion  and  Ledingham  (8)  have  analyzed  microsan 
pies  of  gaseous  hydrocarbons  by  injecting  the  sample  from  a  ga 
buret  into  the  oxygen  stream  through  a  jet  at  the  inlet  of  tb 
combustion  tube.  Huffman  (5)  and  Belcher  and  Spooner  (£)  hav 
removed  the  silver  from  the  combustion  tube  for  the  successfu 
subsequent  (but  indirect)  determination  of  sulfur;  the  latte 
authors  also  attempted  to  estimate  chlorine  indirectly  on  thei 
silver  fillings.  Their  results  wrere  always  low,  probably  becaue 
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Figure  1. 


Diagram  of  Train  Arranged  for  Combustion  of  Highly  Volatile  Liquids 


A.  Quartz  preheater  (platinum  foil  filling  at  900°  C.) 

B.  Kraissl  bubble  counter  and  absorption  tube 

C.  Sample  tube  for  volatile  liquids 

D.  Glass-enclosed  iron  weight 

E.  Separatory  funnel  filled  with  mercury 

F.  Gas  holder  (135-ml.  volume  when  sealed  with  1-cm.  depth  of  mercury) 

G.  Quartz  combustion  tube  (platinum-foil  filling  at  900°  C.) 

1 , 2,  3,  4,  5,  6,  7.  Stopcocks 


H.  Platinum-foil  baffle 
/.  Quartz  capillary 
J.  Rubber  stopper 

K.  Air  Jet 

L.  Quartz  tube  (silver  filling  at  600°  C.) 

M.  Wire  to  ground 

NP.  Alignment  of  apparatus  as  seen  from  above 


ilver  chloride  was  lost  to  the  combustion  tube;  this  difficulty 
isappears  when  the  tube  containing  the  silver  is  weighed,  as  it 
}  in  the  authors’  method. 

APPARATUS  AND  GENERAL  MANIPULATION 

Figure  1  shows  the  combustion  train  in  its  most  extended  form, 
s  it  is  used  for  the  analysis  of  volatile  liquids.  (Gas  cylinders, 
ressure  regulator,  absorption  tubes,  and  Mariotte  bottle  are  not 
hown.)  Parts  of  the  train  are  described  below  in  more  detail; 
a  general,  the  gas  to  be  burned  is  forced  through  by  allowing  mer- 
ury  to  flow  from  the  separatory  funnel,  E,  to  the  gasholder,  F. 
I  is  a  grounded  wire;  if  there  is  no  grounding,  tiny  bubbles  of 
aercury  continually  leap  up  from  the  mercury  surface  in  F,  and 
here  is  the  possibility  of  an  explosion  hazard  owing  to  the  accu- 
aulation  of  static  charge.  The  pressure  regulator  and  the 
dariotte  bottle  are  used  in  the  conventional  way  to  control  the 
!ate  of  flow  of  gas  (8  ml.  per  minute  in  all  work)  through  the  train, 
i  Cylinder  oxygen  is  used  for  combustion,  and  150  cc.  of  cylinder 
,ir  for  sweeping.  Suitable  electrical  furnaces,  each  mounted  on  a 
movable  stand  to  facilitate  changes  in  the  train,  are  used  for 
leafing  the  preheater,  A,  the  combustion  tube,  G,  and  the  chlo- 
'ine  tube,  L.  The  interchangeable  joint  in  the  sample  tube,  C, 
nd  all  stopcocks  are  lubricated  with  Apiezon  grease,  which,  being 
ntended  for  high-vacuum  work,  has  a  negligible  vapor  pressure, 
ill  parts  are  butted  together  and  connected  with  impregnated 
uhing. 

The  platinum-foil  fillings  for  the  preheater  and  the  combustion 
ube  are  made  by  wadding  sheets,  0.0013  cm.  thick  and  12.7  cm. 
jquare,  annealed  and  etched  by  the  vendor,  into  cylinders  of  the 
l  esired  size.  The  furnaces  are  adjusted  to  maintain  the  middle 
tear  900°  C. 

The  silver  filling  for  the  chlorine  tube,  L,  consists  of  a  1-cm. 
loll  of  fine  silver  wire  at  each  end,  with  electrolytic  silver  crystals 
■etween.  The  ends  of  the  chlorine  tube  are  drawn  down  and 
enninate  in  capillaries.  Satisfactory  analytical  results  were  ob- 
'ained  with  the  hottest  section  of  the  silver  filling  near  600°  C.; 
't  temperatures  of  400°  and  below  the  results  were  unsatisfac¬ 
tory;  silver  chloride  begins  to  volatilize  appreciably  at  tempera- 
ures  higher  than  600°. 

Standard  tubes  are  used  for  the  absorption  of  carbon  dioxide 
nd  of  water.  The  tare  tube,  standard  also,  contains  both  As- 
arite  and  Anhydrone;  it  follows  the  other  absorption  tubes  in 
he  train.  All  tubes,  including  the  chlorine  tube,  are  wiped  each 
lay  before  the  first  run;  for  weighings  during  the  rest  of  the  day, 
■nly  the  ends  of  the  tube  are  cleaned.  In  hot,  humid  weather, 
he  tubes  stand  beside  the  balance  for  30  minutes  to  ensure  readi¬ 
ng  equilibrium;  only  5  minutes’  standing  is  required  in  the 
winter.  The  use  of  air  in  sweeping  the  train  makes  it  unnecessary 
o  aspirate  the  absorption  tubes. 


The  chlorine  tube. requires  special  handling.  Upon  being  re¬ 
moved  from  the  train,  it  is  placed  inside  a  brass  tube,  which 
promotes  cooling  and  protects  the  silver  chloride  from  light.  The 
silver  filling  may  be  trusted  to  absorb  15  mg.  of  chlorine  be¬ 
fore  cleaning  is  required;  the  filling  is  cleaned  in  the  tube  by 
the  action  of  10%  potassium  cyanide  solution.  After  a  thorough 
rinsing,  the  cleaned  tube  is  fired  in  hydrogen  and  subsequently 

Analysis  of  Pure  Gases. 
The  sampling  of  pure  gases  for 
analysis  was  accomplished  as 
follows:  The  gas  to  be  analyzed 
was  filled  into  a  small  bulb  (Fig¬ 
ure  2)  at  a  pressure  somewhat 
above  atmospheric,  and  allowed 
to  reach  room  temperature,  where¬ 
upon  the  excess  of  gas  was  allowed 
to  escape.  From  the  volume  of 
the  bulb,  as  determined  by  cali¬ 
bration  with  mercury,  the  volume 
of  the  gas  sample  at  standard 
conditions  was  calculated  from 
the  gas  laws.  The  weight  of  the 
sample  could  then  be  calculated 
from  the  known  density  at  0°  C. 
(This  procedure  is  tantamount  to 
assuming  that  the  gas  is  equally 
imperfect  at  25°  and  at  0°  C., 
which  is  permissible;  it  is  not  per¬ 
missible  to  assume  that  the  gas  is 
ideal.) 

The  sample  was  then  introduced  into  the  gasholder  by  the  fol¬ 
lowing  operations:  (1)  The  mercury  was  drawn  from  the  gas¬ 
holder,  F,  by  evacuating  the  funnel,  E,  while  admitting  oxygen 
through  stopcock  5;  (2)  the  gasholder  was  evacuated  through 
stopcock  6;  (3)  the  long  arm  of  the  sample  bulb  (Figure  3)  was 
filled  with  mercury  to  stopcock  11,  and  the  short  arm  was  then 
attached  by  rubber  tubing  to  stopcock  6  of  the  gasholder;  (4) 
the  gas  sample  was  expanded  into  the  gasholder;  (5)  the  last 
portion  of  gas  in  the  sample  bulb  was  pushed  into  the  holder  by 
filling  the  bulb  with  mercury  from  the  long  arm;  (6)  the  gas¬ 
holder  was  filled  with  oxygen  to  atmospheric  pressure.  Any 
error  due  to  the  presence  of  room  air  in  the  open  ends  of  the  tubes 
at  stopcocks  6  and  10  is  negligible.  During  all  these  operations, 
the  rates  of  flow  of  mercury  and  of  oiiygen  must  be  carefully  ad¬ 
justed  to  avoid  serious  difficulties,  such  as  drawing  sulfuric  acid 
from  the  pressure  regulator  into  the  preheater. 

The  diluted  gas  is  finally  forced  through  the  combustion  train 
in  the  manner  already  described.  Experiments  showed  that  in¬ 
complete  combustion  results  when  too  rich  a  mixture  is  forced 
through  the  train:  1  volume  of  sample  to  30  of  oxygen  gave  in- 
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complete  combustion  in  the  case  of  methyl 
chloride;  when  the  ratio  was  1  to  65,  com¬ 
bustion  was  complete. 

Analysis  of  a  Highly  Volatile  Liquid. 

By  means  of  the  usual  technique  involving 
a  preliminary  evacuation,  the  liquid  was 
forced  by  atmospheric  pressure  into  a 
weighed  glass  bulb,  5  mm.  in  diameter, 
through  a  capillary  stem  4  cm.  long.  The 
bulb  was  next  surrounded  by  two  small 
blocks  of  aluminum,  whose  interior  surfaces 
had  been  grooved  to  fit  it.  The  assembly 
was  then  immersed  in  acetone  cooled  with 
solid  carbon  dioxide.  After  the  sample  has 
been  frozen,  the  protruding  stem  of  the 
bulb  was  cleaned  by  gentle  warming  with 
a  microburner,  and  then  sealed.  (An  ab¬ 
solutely  clean  seal  was  always  obtained  in 
this  way;  without  the  metal  blocs,  there  was 
occasional  carbonization.)  After  being 
weighed,  the  sealed  bulb  was  introduced 
into  the  sample  tube,  C  (Figure  1).  C  was 
then  connected  to  the  bubble  counter,  and 
oxygen  was  passed  through  it  for  10  minutes. 

At  the  end  of  that  time,  stopcocks  1  and  2 
were  closed,  and  the  assembly  of  the  train 
was  completed  by  connecting  the  outlet  end 
of  C  to  the  gasholder,  F.  The  sample  bulb 
was  then  smashed  by  means  of  the  glass- 
enclosed  weight,  D,  actuated  by  an  external 
magnet.  The  mixture  of  oxygen  and  gaseous  sample  was  then 
allowed  to  expand  into  the  evacuated  gasholder,  F.  The  proce¬ 
dure  from  this  point  on  was  essentially  identical  with  that  followed 
in  the  analysis  of  a  pure  gas  after  the  sample  had  been  transferred 
to  the  gasholder. 

Various  other  schemes  were  tried,  but  that  described  proved 
the  most  convenient. 

COMPLETENESS  OF  COMBUSTION 

The  problem  was  to  estimate  traces  of  incompletely  burned 
material  in  a  hot  exhaust  gas  containing  excess  oxygen,  4.5  car¬ 
bon  dioxide,  and  5%  water  vapor,  both  percentages  being  by 
volume. 

The  sample  was  transferred  via  a  metal  line  directly  into  the 
large  gasholder  (Figure  3)  by  means  of  a  copper  fitting,  R,  at¬ 
tached  to  the  holder  by  a  Fernico  seal.  Enough  mercury  to  seal 
the  vertical  tube  was  always  left  in  the  holder;  a  representative 
sample  was  obtained  by  allowing  thorough  purging  before  the 
holder  was  disconnected  from  the  line. 

When  the  sample  was  brought  to  the  laboratory,  a  separatory 
funnel  containing  the  mercury  to  be  used  in  forcing  the  exhaust 
gas  through  the  train  was  attached  at  R.  The  combustion  train 
consisted  of  the  following  parts  connected  in  series  to  S:  bubble 
counter,  B  (Figure  1),  which  included  absorbents  for  the  water 
and  carbon  dioxide  in  the  sample;  combustion  tube  and  inlet, 
I,  G  (Figure  1);  water  and  carbon  dioxide  absorption  tubes; 
tare  tube;  and  Mariotte  bottle,  which  served  to  measure  the  500 
ml.  of  gas  taken  for  a  determination,  the  rate  of  flow  being  main¬ 
tained  at  8  ml.  per  minute.  After  the  sample,  which  contained 
its  own  oxygen,  had  been  burned,  the  gasholder  was  removed; 
the  train  was  then  connected  to  the  preheater  and  swept  with  150 
ml.  of  air. 

The  following  blanks  were  evaluated  and  applied:  (1)  the 
water  and  carbon  dioxide  obtained  when  500  ml.  of  exhaust  gas 
were  passed  through  the  bubble-counter  assembly  with  the  com¬ 
bustion  furnace  at  room  temperature;  (2)  the  water  and  carbon 
dioxide  absorbed  when  the  air  used  for  sweeping  was  passed 
through  a  train  with  the  combustion  furnace  at  room  tempera¬ 
ture,  and  (3)  with  the  combustion  furnace  at  900°  C. 

Since  the  amount  of  unburned  material  in  the  exhaust  gas  was 
too  small  for  estimation  by  the  conventional  methods,  it  was  not 
feasible  to  prepare  a  standard  exhaust  gas  for  evaluating  the  re¬ 
liability  of  the  micromethod.  An  acceptable  substitute  was 
found  in  room  air  containing  propane  in  a  concentration  corre¬ 
sponding  to  0.041  mg.  of  carbon  (or  0.148  mg.  of  carbon  dioxide) 
and  0.009  mg.  of  hydrogen  (or  0.082  mg.  of  water)  per  liter.  This 
standard  mixture  was  successfully  analyzed  with  results  given  in 
Table  I,  where  data  for  the  exhaust  gases  are  also  recorded. 

The  data  in  Table  I  are  not  in  themselves  sufficient  for  a  cal¬ 
culation  of  the  completeness  of  combustion;  it  is  necessary  to 


make  assumptions  about  the  composition  of  the  unburned  ma 
terial.  Since  a  thorough  discussion  of  the  matter  would  requin 
too  much  space,  suffice  it  to  say  that  combustion  must  have  beei 
about  99.9%  complete,  and  that  this  fact  could  not  have  been  es 
tablished  by  any  of  the  conventional  methods.  The  results  oi 
the  standard  propane  mixture  are  good  enough  to  recommend  th 
micromethod  as  a  simple,  approximate  approach  that  can  oftei 
be  substituted  to  advantage  for  more  elaborate  schemes. 

DETERMINATION  OF  VAPOR  PRESSURE 

Camphor  is  relatively  nonvolatile,  so  that  its  determination  ii 
saturated  air  does  not  differ  greatly  from  the  foregoing  experi 
ments  on  the  completeness  of  combustion.  A  single  experimen 
was  done  to  show  that  the  combustion  of  gases  in  the  microtraii,.. 
can  be  a  convenient  way  of  determining  vapor  pressures. 

An  ordinary  absorption  tube  filled  with  synthetic  camphor  wa; 
attached  to  the  bubble  counter  and  swept  with  oxygen  for  31- 
minutes.  It  was  then  connected  to  the  combustion  tube  followec 
by  the  usual  absorption  tubes,  and  400  ml.  of  oxygen  saturatec 
with  camphor  were  passed  through  the  train  at  the  usual  rate  1 
The  net  weight  of  carbon  dioxide  absorbed  was  2.961  mg.,  whicl, 
leads  to  a  vapor  pressure  of  0.32  mm.  at  30.8°  C.,  the  temperatun 
of  the  camphor  tube.  This  result  is  in  good  agreement  with  0.3S' 
mm.,  the  corresponding  value  from  the  International  Critical1 
Tables.  At  the  present  time,  there  are  serious  discrepancies 
among  the  published  values  for  the  vapor  pressure  of  camphor; 
and  the  method  proposed  here  might  well  be  used  to  improve  th< 
situation. 

Under  many  conditions,  this  method  of  arriving  at  vapor  pres 
sures  will  be  preferable  to  obtaining  them  by  simple  weight  los; 
because  ample  amounts  of  the  substance  can  be  used  to  ensun 
saturation;  the  weight  of  carbon  dioxide  will  often  exceed  th< 
corresponding  weight  of  test  substance;  and  difficulties  in  weigh 
ing  the  test  substance  are  avoided. 

_ L 

Table  I.  Determination  of  Completeness  of  Combustion 


For  1  Liter  of  Gas 
Corrected  for  Blanks 

Sample 

HjO 

COj 

Mg. 

Mg. 

Exhaust  gas  1 

0.596“ 

0.137 

0.086“ 

0.071 

0.314“ 

0.089 

Av.  0.332 

0.099 

Exhaust  gas  2 

(Less  than  blanks) 

0.028 

Propane 

0.123 

0.155 

Propane  (theoretical) 

0.082 

0.148 

*  Water  values  erratic,  but  improved  in  subsequent,  similar  determina¬ 
tions.  Completeness  of  combustion  calculated  on  basis  of  COj  data.  Cal 
culations  based  on  water  data  would  not  have  altered  conclusions. 


ULTIMATE  ANALYSES  OF  VARIOUS  COMPOUNDS 

Final  results  from  the  work  on  the  ultimate  analysis  of  various1 
compounds  are  reported  in  Table  II.  With  the  chlorine  com¬ 
pounds,  a  great  deal  of  exploratory  work  had  to  be  done  before 
satisfactory  results  could  be  obtained.  Data  from  this  work  are 
not  included  in  Table  II,  and  the  work  is  discussed  briefly  in  the 1 
following  section. 

Hydrocarbons.  Hydrocarbons  were  analyzed  according  to 
the  method  for  pure  gases — that  is,  by  use  of  the  small  sample 
bulb  (Figure  2).  The  data  in  Table  II  for  propane  are  satisfac¬ 
tory  and  require  no  comment.  The  analysis  of  methane  also  pro¬ 
ceeded  smoothly,  but  the  results  for  two  different  products  dif¬ 
fered  widely  because  only  methane  2  was  of  good  quality.  In  the. 
case  of  methane  1,  a  commercial  gas  that  may  have  been  only  85% 
pure,  the  total  exceeds  100%  because  the  actual  density  must 
have  been  greater  than  the  density  of  pure  methane,  which  was 
used  in  calculating  the  weight  of  the  sample.  I 

Chlorine  Compounds.  Hydrogen  chloride  and  methyl  chlo¬ 
ride  were  analyzed  by  the  method  for  pure  gases.  Methylene 
chloride  was  analyzed  by  the  method  for  highly  volatile  liquids. 
In  these  analyses,  of  course,  the  chlorine  tube,  L,  was  included  in 
the  train. 


10 

j 


SCALE -CM. 


Figure  3 . 
Large  Gas¬ 
holder  (2.3 
Liters) 

Q.  Glass-to-mctal 

seal 

R.  Metal  fitting 

S.  Outlet  to  com¬ 

bustion  train 
8,  9.  Stopcocks 


ANALYTICAL  EDITION 


59 


iiuary,  1945 


Table  II.  Ultimate  Analysis  of  Various  Gases 

Sample 

%  c 

%  H 

%  Cl 

Total  % 

Ijpane  (theoretical) 

81.71 

18.29 

100.00 

j:>pane 

81.5 

18.8 

100.3 

81.8 

18.8 

100.6 

i,'drogen  chloride  (theoretical) 

2.76 

97.23 

100.00 

'  drogen  chloride 

2.90 

92.7 

95.6 

2r78 

90.2 

93.0 

2.95 

90.2 

93.2 

l;thyl  chloride  (theoretical) 
l;thyl  chloride  1 

23 1 79 

5.99 

70.22 

100.00 

23.6 

6.00 

69.6 

99.2 

23.9 

6.07 

70.2 

100.2 

Ijthyl  chloride  2 

23.6 

6.01 

70.4 

100.0 

23.8 

5.98 

69.9 

99.7 

| ‘thane  (theoretical) 

74.87 

25.13 

100.00 

lethane  1 

84.7 

26.1 

110.8 

I 

83.7 

26.1 

109.8 

Ijthane  2 

75.1 

25.9 

101.0 

74.8 

25.4 

100.2 

75.7 

25.8 

101.5 

s(;thylene  chloride  (theoretical) 

14.14 

2.37 

83  ’.  49 

100.0 

*3thylene  chloride 

14.6 

3.4 

80.8 

98.8 

14.5 

3.5 

80.3 

98.3 

14.4 

3.1 

80.9 

98.4 

Table  II  shows  that  the  results  for  methyl  chloride  from  two 
urces  were  satisfactory.  The  results  for  methylene  chloride 
e  probably  satisfactory;  a  test  with  sodium  showed  that  the 
[uid  used  contained  some  active  hydrogen,  and  this  probably 
plains  why  a  total  of  100%  was  not  quite  obtained.  It  is  pos- 
>le,  however,  that  here,  though  to  a  much  less  extent  than  with 
'drogen  chloride,  not  all  the  chlorine  was  fixed  by  the  silver. 


FIXING  OF  CHLORINE  BY  SILVER 

The  first  attempts  to  determine  chlorine  in  chlorinated  hydro- 
rbons  by  direct  weighing  were  consistently  unsatisfactory, 
ainly  because  the  silver  tube  gained  too  little  weight.  It  seemed 
visable,  therefore,  to  study  the  behavior  of  chlorine  and  of 
rdrogen  chloride  in  the  train.  Although  it  is  common  knowledge 
at  chlorine  is  completely  retained  by  a  universal  combustion- 
be  filling,  so  many  complex  reactions  are  possible  under  these 
nditions  that  this  experience  can  scarcely  be  used  to  judge 
lether  or  not  chlorine  can  be  completely  fixed  in  an  absorption 
be  containing  only  silver. 

The  most  obvious  way  in  which  silver  could  fix  chlorine  is  by 
e  reaction 

Ag  +  V*C12  =  AgCl  (1) 

which  chlorine  acts  as  oxidizing  agent;  but  the  reaction 

Ag  +  ViCh  +  HC1  =  AgCl  +  ViUjO  (2) 

which  the  oxidizing  agent  is  oxygen,  must  also  be  considered. 
!he  gaseous  equilibrium  in  the  Deacon  process 

hci  +  v«Oi  ^  y*cu  +  7,11:0  (3) 

maintained,  would  furnish  a  mechanism  by  which  silver  chloride 
rmation  could  occur  principally  by  the  faster  of  the  two  steps, 
eactions  1  and  2.  (In  the  equations,  all  substances  except  silver 
id  silver  chloride  are  gases;  silver  chloride  melts  at  455°  C.) 

In  experiments  with  chlorine  and  hydrogen  chloride,  a  stand- 
d  absorption  tube  filled  with  potassium  iodide  crystals  was  in- 
rted  in  the  train  at  various  points  to  serve  as  a  qualitative  chlo- 
ine  indicator.  Chlorine  will  of  course  rapidly  liberate  iodine 
om  the  iodide;  the  corresponding  reactions  of  chlorine  com- 
rands  formed  during  combustion  might  be  more  complicated, 
lo  difficulty  was  ever  encountered  in  handling  or  weighing  the 
isorption  tube  containing  potassium  iodide;  even  when  freshly 
:epared,  the  weight  of  the  tube  was  constant  to  within  0.10  mg. 
nfortunately,  its  capacity  to  absorb  chlorine  completely  is  very 
mited,  and  some  of  the  iodine  formed  always  volatilizes.  It  is, 
rwever,  qualitatively  satisfactory. 

The  combustion  experiments  with  chlorine,  done  by  various 

Itodifications  of  the  method  for  pure  gases,  were  not  quantitative 
ecause  an  accurate  sample  of  the  gas  could  not  be  forced  through 
le  train  by  the  authors’  technique.  Chlorine,  even  when  dry, 


reacts  instantly  with  mercury.  A  thin  layer  of  sulfuric  acid  pro¬ 
tected  the  mercury  sufficiently,  however,  to  make  rough  experi¬ 
ments  possible.  In  none  of  these  experiments,  in  which  the  silver 
tube  was  at  different  temperatures  not  exceeding  600°  C.,  was  more 
than  75%  of  the  chlorine  fixed  by  the  silver.  Both  absorption 
tubes  generally  gained  weight;  there  was  never  any  gain  in 
weight  nor  change  in  color  of  the  potassium  iodide  tube  when  it 
was  placed  beyond  the  carbon  dioxide  tube.  When  it  was  placed 
after  the  silver  tube,  however,  it  often  gained  weight  without  be¬ 
coming  colored;  and,  under  these  conditions,  the  water  and  the 
carbon  dioxide  tubes  gained  weight  also.  The  simplest  explana¬ 
tion  for  this  puzzling  behavior  would  assume  the  formation  of 
some  chlorine  oxides  in  the  silver  tube,  the  presumption  being 
that  these  react  with  the  potassium  iodide  to  give  higher-valent 
iodine  compounds,  but  that  they  react  less  rapidly  than  does 
chlorine  under  the  same  conditions.  In  any  event,  the  work 
showed  that  Reaction  1  cannot  be  relied  upon  to  give  complete 
fixing  of  chlorine  by  silver. 

The  combustion  experiments  with  hydrogen  chloride  were  also 
complicated,  though  to  a  less  extent,  by  reaction  with  mercury. 
Equilibrium  calculations  show  that  hydrogen  chloride  at  room 
temperature  tends  to  react  with  mercury,  giving  calomel,  until 
the  pressure  of  hydrogen  chloride  becomes  comparable  with  that 
of  the  hydrogen  produced.  Titration  experiments  on  the  hydro¬ 
gen  chloride  used  showed  that  the  strength  of  this  gas  was  re¬ 
duced  from  99  to  97%  during  2  hours  in  contact  with  a  small  pool 
of  pure  mercury;  a  trace  of  calomel  was  found.  The  rate  of  calo¬ 
mel  formation  under  these  conditions  was  not  great  enough  to 
influence  appreciably  the  results  in  the  combustion  experiments 
with  hydrogen  chloride. 

Results  of  the  last  three  experiments  with  hydrogen  chloride 
are  given  in  Table  II.  These  were  done  by  the  method  for  pure 
gases,  except  that  the  combustion  furnace  was  heated  only  in  the 
third.  As  Table  II  shows,  virtually  identical  results  were  ob¬ 
tained  in  all  three.  In  every  case  the  hydrogen  value  is  correct, 
but  the  chlorine  value  is  low.  Since  not  all  of  the  missing  chlorine 
could  have  gone  to  form  calomel,  it  follows  that  the  fixing  of  chlo¬ 
rine  is  incomplete  for  a  mixture  of  hydrogen  chloride  and  oxygen, 
whether  or  not  this  mixture  has  been  previously  passed  over  hot 
platinum.  But  complete  fixing  of  the  chlorine  is  much  more 
nearly  approached  here  than  it  was  with  mixtures  of  chlorine  and 
oxygen;  the  hydrogen  chloride  contained,  it  will  be  remembered, 
only  99%  HCI.  The  conclusion  would  therefore  seem  to  be  that 
Reaction  2,  and  perhaps  Reaction  3,  can  help  in  the  capture  of 
chlorine  by  silver;  Reaction  1  is  not  the  only  way  in  which  this 
can  be  accomplished. 

For  methylene  chloride,  which  has  the  hydrogen-chlorine  ratio 
of  hydrogen  chloride,  Table  II  shows  that  the  chlorine  is  com¬ 
pletely  (or  almost  completely)  retained  in  the  silver  tube.  This 
suggests  that  carbon  compounds  may  also  play  a  role  in  the 
formation  of  silver  chloride.  This  suggestion  is  reinforced  by  the 
fact  that  Pregl  (10,  p.  34)  obtained  correct  carbon  and  hydrogen 
results  for  trichlorodinitrobenzene,  with  its  one  hydrogen  atom, 
though  his  use  of  a  universal  filling  keeps  the  two  cases  from  being 
strictly  comparable.  The  results  in  Table  II  for  methyl  chloride, 
which  contains  both  carbon  and  an  excess  of  hydrogen  over  chlo¬ 
rine,  are  quantitative. 

This  important  subject  deserves  further  investigation.  At  the 
present  time,  one  may  conclude  only  that  the  presence  of  com¬ 
bined  hydrogen  (Reactions  2  and  3)  appears  to  help  in  the  fixing 
of  chlorine  by  silver,  and  that  carbon  compounds  may  also  play 
a  part.  It  would  seem  worth  while  to  use  the  experimental  meth¬ 
ods  of  this  paper  for  obtaining  at  least  the  analytical  data  neces¬ 
sary  to  complete  the  series  Cl:,  HCI,  CH*,  CH3C1,  CH:Cli,  CHClj, 
CCh. 

DISCUSSION  OF  TECHNIQUE 

The  basic  apparatus  and  technique  used  in  this  laboratory  dif¬ 
fer  from  the  commonly  accepted  practice  (9)  in  the  following  re- 
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spects :  The  rate  of  gas  flow  during  combustion  and  sweeping  is 
8  ml.  per  minute;  electrolytic  silver  crystals  are  substituted  to 
some  extent  for  silver  wire  (7);  a  tare  absorption  tube  is  always 
employed  ( 9 ,  p.  136);  a  large-capacity  preheater  filled  with 
crumpled  platinum  foil  is  used  (3,  4)  1  and  platinum  foil  is  used 
also  in  the  high-temperature  zone  of  the  combustion  tube.  Five 
other  fillings  for  the  combustion  tube  were  tried  under  comparable 
conditions.  The  foil,  or  even  an  empty  tube  with  no  filling  (2), 
seemed  as  effective  as  any  of  the  other  fillings  in  promoting  com¬ 
plete  combustion. 

No  particular  difficulty  was  experienced  during  this  work  in 
maintaining  reasonable  blanks.  For  a  total  gas  volume  of  260  ml. 
(the  sum  of  the  volumes  of  oxygen  and  of  air  in  most  analyses) 
the  water  blank  was  always  less  than  0.100  mg.;  that  for  carbon 
dioxide  less  than  0.040  mg.  (often  0.000  to  0.010  mg.) ;  the  chlo¬ 
rine  blank  usually  lay  betwen  —0.010  and  +0.010  mg.  These 
blanks  could  be  maintained  even  though  the  microtrain  was  fre¬ 
quently  opened,  though  whole  sections  were  introduced  or  re¬ 
moved,  and  though  the  stopcocks  and  joints  were  lubricated. 
Furthermore,  the  train  is  located  in  a  laboratory  where  many 
kinds  of  experimental  work  are  done,  and  the  balance  is  in  an 
adjoining  room  where  temperature  and  humidity  changes  are 
much  more  limited. 

According  to  the  authors’  experience,  the  items  listed  below  also 
play  an  important  role  in  the  satisfactory  operation  of  the  micro¬ 
train:  (1)  No  time  is  wasted  in  “witch  hunts”  for  sources  of  high 
blanks.  Duplicates  of  all  parts  are  kept;  when  the  train  requires 


cleaning,  all  parts  are  replaced.  (2)  The  temperature  of  rubbei 
connections  is  never  allowed  to  rise  above  that  of  the  room.  (3) 
Sample  sizes  and  rates  of  gas  flow  are  adjusted  to  avoid  any  con¬ 
densation  of  water.  (4)  Finally,  the  absorption  tubes  are  always 
allowed  to  come  into  equilibrium  with  the  atmosphere  of  the  bal¬ 
ance  room  before  they  are  weighed. 
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Use  o£  Lactobacillus  arabinosus  17-5  for  Microassay  of 

Pantothenic  Acid 

EDWARD  H.  HOAG,  HERBERT  P.  SARETT,  AND  VERNON  H.  CHELDELIN,  Oregon  State  College,  Corvallis,  Ore. 


A  rapid  microbiological  assay  method  for  pantothenic  acid  uses 
L,  arabinosus  as  the  test  organism.  With  the  growth  medium  used, 
assay  values  with  good  recoveries  of  added  pantothenic  acid  may  be 
obtained  turbidimetrically  after  14  hours'  growth,  or  titrimetrically 
after  24  to  30  hours.  The  response  to  pantothenic  acid  in  the 
effective  assay  range  (0.01  to  0.08  microgram  of  pantothenic  acid)  is 
greater  and  more  rapid  for  this  organism  than  for  L.  case/. 

Good  agreement  is  obtained  between  pantothenic  acid  values 
of  foodstuffs  as  determined  by  the  two  organisms.  However,  assay 
values  of  yeast  concentrates  by  the  chick  method  are  higher  than 
those  obtained  microbiologically. 

MICROBIOLOGICAL  assay  methods  for  pantothenic  acid 
using  L.  casei  as  the  test  organism  have  received  wide  ap¬ 
plication.  The  original  method  of  Pennington,  Snell,  and  Wil¬ 
liams  ( 8 )  together  with  more  recent  modifications  (10,  11)  has 
proved  generally  useful  and  satisfactory  for  routine  determina¬ 
tions  of  pantothenic  acid  in  a  wide  variety  of  materials. 

Certain  difficulties  are  encountered  with  L.  casei,  however, 
even  with  the  use  of  modified  media  and  extraction  procedures. 
The  organism  responds  erratically  in  the  presence  of  small 
amounts  of  starch,  fats,  and  fat  acids  ( 1 ,  2),  so  that  it  is  neces¬ 
sary  to  digest  samples  of  test  materials  enzymatically,  and  to 
extract  them  with  ether  to  remove  excess  fat  prior  to  the  per¬ 
forming  of  assays  (10).  Furthermore,  even  though  assays  with 
this  organism  can  be  performed  much  more  rapidly  than  animal 
assays,  a  further  shortening  of  the  time  required  would  enhance 
the  other  desirable  aspects  of  a  microbiological  method. 

Previous  studies  in  this  laboratory  have  shown  that  Lacto¬ 
bacillus  arabinosus  1 7-5  responds  more  rapidly  to  graded  amounts 
of  pantothenic  acid  than  does  L.  casei  (4).  This  organism  is  also 


known  not  to  be  stimulated  appreciably  by  starch  or  fat  acids  (5). 
Therefore  it  was  decided  to  investigate  its  potentialities  for  use 
in  pantothenic  acid  assays,  as  compared  to  L.  casei. 

EXPERIMENTAL 

Cultures  and  Inoculum.  L.  arabinosus  is  maintained  on 
yeast  agar  stabs  as  described  by  Pennington,  Snell,  and  Williams. 
To  prepare  cultures  for  inoculum,  cells  from  a  suitable  stab 
culture  are  transferred  into  a  tube  containing  5  ml.  of  the  basal 
medium  diluted  with  5  ml.  of  water,  to  which  have  been  added  1 
microgram  of  pantothenic  acid,  5  mg.  of  yeast  extract  (Difco). 
and  5  mg.  of  liver  extract  (Lederle).  The  inoculum  is  incubated 
at  37°  C.  for  16  to  24  hours,  and  1  ml.  of  the  cell  suspension  is 
then  diluted  in  15  ml.  of  0.9%  saline.  For  assays,  one  drop  of 
the  resulting  dilute  suspension  is  added  to  each  test  culture. 

The  yeast  and  liver  extracts  are  added  to  the  inoculum  in 
order  to  encourage  very  rapid  growth  of  the  culture,  as  this 
seems  in  the  authors’  experience  to  be  a  factor  contributing  to¬ 
ward  subsequent  rapid  growth  and  high  acid  production  in  the 
test  cultures.  A  short  growth  period  (not  exceeding  24  hours)  is 
desirable  to  obtain  maximum  viability.  In  addition,  when 
necessary,  the  grown  culture  may  be  stored  satisfactorily  in 


Table  I.  Composition  of  Basal  Medium  B 

Grams 


Alkali-treated  peptone  (plus  sodium  acetate)  10 

Glucose  40 

Sodium  acetate  24 

Acid-hydrolyzed  casein  (technical)  4 

Autolyzed  yeast,  Norite-treated 

Rice  bran  concentrate  (Vitab),  Norite-treated  16 

Cystine  hydrochloride  200  mg. 

Riboflavin  200  y 

Salts  A  and  B  (8)  10  ml.  each 

Distilled  water  to  1000  ml. 
pH  =  6.8 


ANALYTICAL  EDITION 


61 


January,  1945 


ganism.  For  the  measurement  of  pantothenic  acid  by  L.  arabino¬ 
sus  in  pure  solution,  Medium  A  could  not  be  improved  either  by 
changing  the  concentration  of  the  ingredients  or  by  adding 
glutamic  acid,  asparagine,  tryptophane,  or  the  B  vitamins  other 
than  riboflavin.  Riboflavin,  although  not  essential  for  the 
growth  of  this  organism,  produces  slight  stimulation  during  the 
early  stages  of  growth  and  has  therefore  been  retained  in  the  basal 
medium. 

When  Medium  A  was  employed  with  extracts  of  natural  mate¬ 
rials,  however,  a  definite  “downdrift”  was  often  noted  among 
values  calculated  at  progressively  higher  . assay  levels,  and  re¬ 
coveries  were  frequently  high,  especially  with  cereal  and  vege¬ 
table  products.  Supplements  of  autolyzed  yeast  and  rice  bran 
concentrate  were  therefore  included  in  the  basal  medium,  re¬ 
placing  the  alkali-treated  yeast.  These  were  rendered  free  from 
pantothenic  acid  by  adsorption  on  Norite  according  to  the 
procedure  of  Neal  and  Strong  (7). 


Figure  1.  Growth  Response  of  L.  arabinosus  and  L.  case/  to 
Pantothenic  Acid 


a  refrigerator  for  periods  up  to  24  hours  prior  to  use  for  inoculation 
of  tests. 

Inocula  of  L.  casei  are  incubated  approximately  24  hours. 
The  resultant  cultures  are  comparable  in  growth  to  16-hour 
L.  arabinosus  cultures. 

Preparation  of  Extracts.  Except  where  otherwise  specified, 
finely  ground  or  blended  samples  are  digested  24  hours  at  37°  C. 
with  takadiastase  and  papain  as  described  previously  (8). 

Basal  Medium.  The  basal  medium  used  at  the  outset  of 
these  studies  was  essentially  that  of  Pennington,  Snell,  and 
Williams,  with  the  glucose  and  acetate  increased  to  40  and  36 
grams  per  liter,  respectively,  as  recommended  by  Stokes  and 
Martin  (5).  This  is  referred  to  below  as  Medium  A. 

With  Medium  A,  steep  quantitative  curves  were  obtained  both 
for  turbidity  and  acid  production  of  L.  arabinosus  in  response  to 
the  addition  of  0.01  to  0.2  microgram  of  pantothenic  acid  per 
10  ml.  of  culture.  A  comparison  of  the  growth  response  of  this 
organism  to  that  of  L.  casei  on  the  same  medium  is  made  in 
Figure  1.  Turbidities  are  measured  in  terms  of  optical  density 
(log  100  minus  log  galvanometer  reading). 

After  14  hours’  growth,  L.  casei  cultures  are  only  slightly  tur¬ 
bid,  whereas  L.  arabinosus  responds  in  a  manner 
which  is  satisfactory  for  the  establishment  of  a  ________ 

standard  curve  for  assays.  The  latter  organism 
has  practically  attained  maximum  growth  dur¬ 
ing  this  period,  as  indicated  by  the  fact  that 
after  24  hours  the  turbidity  increases  only 
slightly.  L.  casei  continues  to  grow,  so  that  its 
24-hour  turbidity  curve  is  practically  coinciden¬ 
tal  with  that  of  L.  arabinosus  after  14  hours. 

A  comparison  of  the  acid  production  of  the 
two  organisms  furnishes  similar  results,  as  shown 
in  Figure  2.  The  curve  obtained  for  L.  arabi¬ 
nosus  at  24  hours,  although  not  optimal,  is  usable 
for  assays  and  is  as  steep  as  the  curves  obtained 
after  72  hours  with  L.  casei  in  the  original  methods 
where  extra  glucose  and  acetate  were  not  in¬ 
corporated  into  the  basal  medium  (8, 11).  If  the 
organisms  are  allowed  to  grow  for  a  longer  period, 
the  acid  production  by  L.  casei  approaches  that 
of  L.  arabinosus,  although  the  amount  produced 
at  any  time  is  always  somewhat  less  in  the  lower 
portions  of  the  curve  than  the  amount  produced 
by  L.  arabinosus. 

Adequacy  of  Basal  Medium.  Various  com¬ 
binations  of  many  substances  have  been  tried  in 
compiling  the  basal  medium,  in  order  to  deter¬ 
mine  the  optimum  growth  conditions  for  the  or¬ 


Figure  2.  Acid  Production  by  L.  arabinosus  and  L.  casei 


Table  II. 


Proportionality  among  Increasing  Dosage  Levels  and  Recovery  of 
Added  Pantothenic  Acid 


( L .  arabinosus  with  Medium  B) 
Pantothenic  Acid 

Content  Recoveries 


Time 


Turbidi- 

Titri- 

Turbidi- 

Titri- 

Turbidi- 

Titri- 

Sample 

metric 

metric 

metric 

metric 

metric 

metric 

Mg. 

7  per  gram 

% 

% 

Hours 

Hours 

Rolls, 

4 

2.9 

3.1 

white 

8 

2.9 

3  0 

3.1 

3.2 

12 

2.9 

3.4 

16 

3.2 

3  2 

4  -f  3 . 07 

40 

p.a./g. 

8  +  3.O7 

6.4 

6.6 

113 

113 

14 

p.a./g. 

Peanut 

1 

9.5 

9.5 

butter 

2 

9.3 

9.7 

9.5 

9.8 

3 

9.8 

10.0 

4 

1  +  10. 07 

10.2 

10.0 

24 

p.a./g. 

2  +  10. 07 

18.5 

20.0 

88 

102 

16 

p.a./g. 

Vegetable 

30 

0.63 

0.58 

soup 

60 

0.68 

0.60 

0.58 

0.59 

90 

0.58 

0.63 

120 

0.58 

0.58 

30  +  O.6O7 
p.a./g. 

60  +  O.6O7 

1.23 

1.22 

105 

105 

16 

40 

P-a./g. 
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Table  III.  Comparison  of  Titrimetric  Values  for  Pantothenic  Acid 
Obtained  with  L.  arabinosus  (24  to  40  Hours)  and  L.  case/  (72  hours) 


Material 

L.  arabinosus  L .  casei 

Micrograms  per  gram 

Ham® 

5.9 

5.7 

Sausage 

5.1 

5.0 

Macaroni  and  cheese 

3.2 

3.4 

Cottage  cheese  salad 

1.6 

1.5 

Vegetable  soup 

0.67 

0.65 

Breakfast  cereal  (wheat) 

5.1 

4.9 

Breakfast  cereal  (corn) 

2.0 

2.0 

•  Food  samples  obtained  as  prepared  from  restaurants. 


Table  IV.  Apparent  Pantothenic  Acid  Content  of  Extracts  Prepared 
by  Different  Methods 

Treatment  of  Sample® 


Suspension  As-  Extracted  with 

sayed  Directly  Filtered  Ether 


L.  arabi¬ 

L.  L.  arabi - 

L. 

L.  arabi¬ 

L. 

Chick 

nosus 

casei  nosus 

casei 

nosus 

casei 

Assay  4 

Rolls 

5.6 

Micrograms  per  gram 

5.8  3.3  3.2  3.4 

3.1 

Peanut  butter 

12.2 

14.0  9.8 

9.7 

10.4 

10.0 

Hamburger 

5.4 

6.1  3.8 

*  .  . 

4.0 

. . . 

Yeast-liver  ex¬ 
tract 

200 

190  180 

190 

170 

190 

490 

Yeast  -  stomach 
concentrate 

470 

450  390 

410 

390 

360 

800 

Rice  bran  ex¬ 
tract 

270 

270  270 

270 

270 

270 

280 

®  All  samples  digested  with  takadiastase  and  papain  prior  to  further 
treatment  (10). 

4  Chick  assays  carried  out  by  A.  L.  Caldwell. 


The  medium  finally  selected  for  use  with  a  wide  variety  of 
materials  (Medium  B)  has  the  composition  shown  in  Table  I. 
Standard  curves  obtained  with  this  medium  coincided  closely 
with  those  obtained  for  Medium  A  in  Figure  2.  The  average  in¬ 
crements  of  acid  produced  by  L.  arabinosus  in  the  preferred  assay 
range  (0.01  to  0.08  microgram  of  pantothenic  acid)  were  as  fol¬ 
lows:  after  24  hours,  0.54  ml.  of  0.1  N  acid  per  0.01  microgram; 
36  hours,  0.77  ml.;  44  hours,  0.96  ml.;  and  72  hours,  1.1  ml. 
These  increments  were  appreciably  greater  than  any  obtained 
with  L.  casei  ( 6 ,  7,  8,  11). 

When  cereal  or  vegetable  extracts  were  reassayed  using  Medium 
B,  “drifts”  were  largely  eliminated  and  recoveries  of  added  panto¬ 
thenic  acid  were  more  nearly  the  theoretical  values.  Assays 
were  usually  performed  titrimetrically,  although  the  values  so 
obtained  were  in  good  agreement  with  turbidimetric  values,  as 
well  as  with  those  obtained  using  L.  casei.  Some  typical  results 
are  listed  in  Tables  II,  III,  and  IV. 

Preparation  of  Samples  for  Assay.  Previous  reports 
{ 1 ,  2,  5)  regarding  the  stimulatory  effects  of  starch  and  fatty 
products  upon  L.  casei  and  L.  arabinosus  have  been  generally 
confirmed  in  this  laboratory.  In  the  presence  of  varying  amounts 
of  pantothenic  acid  L.  arabinosus  was  found  not  to  be  appreci¬ 
ably  stimulated  by  25  or  150  micrograms  per  tube  of  oleic  acid, 
Wesson,  corn,  wheat  germ,  cod  fiver,  linseed,  or  olive  oils,  or  by 
5  or  15  mg.  of  starch.  One  sample  of  technical  oleic  acid  pro¬ 
duced  approximately  75%  stimulation.  In  contrast,  L.  casei 
was  stimulated  by  the  above  substances  in  amounts  ranging 
from  25%  with  starch  to  over  200%  with  corn  and  wheat  germ 
oils. 

On  the  basis  of  the  above  information,  it  was  felt  that  suspen¬ 
sions  obtained  after  enzyme  digestion  might  be  assayed  directly 
with  L.  arabinosus  (without  filtering)  with  less  danger  of  obtain¬ 
ing  falsely  high  values  than  is  possible  with  L.  casei. 

Several  materials  (Table  IV)  were  therefore  digested  with 
enzymes  in  the  customary  manner  ( 3 )  and  divided  into  three 
portions  which  were  treated  as  follows:  (a)  digest  was  steamed 
30  minutes,  pH  adjusted  to  6.8,  diluted  to  volume,  and  assayed 
directly;  (5)  digest  was  steamed  30  minutes,  filtered,  pH  adjusted 
as  before,  diluted  to  volume,  and  the  clear  extract  used  for  assay; 


(c)  digest  was  steamed  30  minutes,  filtered,  and  extracted  with 
ether  (10).  The  extract  was  then  handled  as  before. 

The  first  three  foods  fisted  in  Table  IV  were  selected  because 
of  their  high  fat  or  starch  content,  and  because  they  exhibited 
drifts  when  assayed  in  basal  Medium  A.  As  expected,  the  ap¬ 
parent  values  obtained  with  L.  casei  were  much  higher  when  un¬ 
filtered  suspensions  were  assayed  than  when  clear  extracts  were 
used.  However,  L.  arabinosus  values  were  found  to  increase 
also.  The  enhanced  response  of  L.  arabinosus  may  therefore  be 
due  either  to  extra  pantothenic  acid  which  is  available  to  the 
organism  from  unfiltered  extracts,  or  to  other  unknown  or  un¬ 
recognized  stimulatory  substances.  In  view  of  these  higher 
values,  it  would  seem  desirable  to  include  an  ether-extraction 
step  (10)  in  the  preparation  of  samples  of  high  fat  content. 

The  pantothenic  acid  contents  of  yeast  concentrates  appear 
much  higher  when  determined  by  the  chick  method  than  by  L. 
arabinosus,  although  the  two  methods  agree  closely  when  applied 
to  rice  bran  (Table  IV).  The  lower  microbiological  values  with 
yeast  confirm  previous  results  with  L.  casei  (7).  Attempts  to 
increase  these  values  with  Mylase  P  or  a  fungal  proteolytic 
enzyme  (Wallerstein  Laboratories  )  have  been  unsuccessful. 
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Microanalysis  of  Food  and  Dm3  Products 

A  171-page  circular  prepared  by  the  Microanalytical  Division  of 
the  Food  and  Drug  Administration  to  assist  analysts  and  inspectors 
in  the  detection  of  violations  of  the  Food,  Drug,  and  Cosmetic  Act 
covers  plant  sanitation,  filth  contamination,  decomposition,  and 
identification  of  foods  and  drugs  by  use  of  the  microscope,  with  stress 
on  insect  and  rodent  contamination.  The  sanitary  inspection  of 
plants  processing  dairy  and  tomato  products  receives  specific  com¬ 
ment  in  the  chapter  on  molds.  Food  and  Drug  Circular  No.  1  may 
be  obtained  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington  25,  D.  C.,  at  30  cents  per  copy. 
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NOTES  ON  ANALYTICAL  PROCEDURES 


A  Specific  Spot  Test  for  Vanadium 

GILBERT  ASHBURN  AND  J.  H.  REEDY,  Noyes  Laboratory,  University  of  Illinois,  Urbana,  III. 


N  THE  first  issue  of  the  famous  Berichte  der  deutschen  chem- 

ischen  Gesdlschaft,  Rammelsberg  ( 1 )  reported  that  the  yellow 
olor  of  slightly  acid  solutions  of  vanadates  is  intensified  by  the 
resence  of  tungstates.  More  recently  Willard  and  Young  (S) 
ave  revived  this  reaction  in  the  colorimetric  determination  of 
anadium  in  steel.  Other  workers  have  modified  the  method  by 
lcluding  hydrogen  peroxide  as  one  of  the  reagents.  This 
lodification  limits  the  general  applicability  of  the  reaction, 
nee  several  elements — e.g.,  chromium,  titanium,  etc.— inter¬ 
ne  by  giving  strong  colors.  The  original  reaction,  in  the 
bsence  of  peroxides,  is  now  made  the  basis  of  a  specific  and 
msitive  test  for  vanadium. 

Procedure.  A  drop  of  the  solution  to  be  tested  is  mixed  on  a 
oot  plate  with  a  drop  of  85%  phosphoric  acid,  and  the  mixture 
:  allowed  to  stand  for  a  few  seconds  to  allow  the  acid  to  form 
omplexes  with  any  interfering  cations.  A  drop  of  10%  sodium 
mgstate  solution  is  then  added.  The  appearance  of  a  yellow- 
)-orange  color  indicates  the  presence  of  vanadium. 

The  vanadium  must  be  in  the  form  of  a  vanadate  to  respond  to 
lis  test.  Vanadous  compounds  may  be  oxidized  to  vanadates 
y  the  addition  of  bromine  and  warming.  Reducing  agents 
iterfere,  and  must  be  removed  by  oxidation  with  bromine  or 
ther  suitable  reagent.  Strong  acids  also  interfere,  and  for  this 
tason  phosphoric  or  acetic  acid  should  be  used  in  preparing  the 
jlution. 

The  principle  of  the  test  is  not  certain.  At  first  it  was  thought 
lat  the  product  might  be  a  tungstovanadic  acid.  Since  phos¬ 


phoric  acid  changes  the  color  from  yellow  or  orange  and  makes 
it  more  permanent,  it  seems  that  it  should  be  included  as  one  of 
the  reagents.  However,  with  traces  of  vanadates — e.g.,  4 
micrograms  per  drop — comparable  tests  were  obtained  by  using 
dilute  sulfuric  or  hydrochloric  acid,  instead  of  phosphoric  acid. 
With  larger  amounts  of  vanadium,  the  color  is  much  darker  if 
phosphoric  acid  is  used  and  strong  acids  are  absent.  Probably 
heteropoly  acids  ( 2 )  of  very  labile  composition  are  formed.  Be¬ 
sides  intensifying  the  color,  phosphoric  acid  is  important  in 
converting  certain  ions  into  colorless  soluble  materials  that 
might  otherwise  interfere  by  forming  colors  or  precipitates — 
e.g.,  Fe+++,  etc. 

Sensitiveness.  The  test,  in  the  hands  of  an  experienced 
analyst,  will  detect  as  little  as  4  micrograms  of  vanadium  in  a 
drop,  or  0.08  mg.  per  ml.  of  solution.  It  will  detect  8  micrograms 
of  vanadium  in  1000  times  that  amount  of  Ag+,  Pb++,  Hg2++, 

Hg+  +  ,  Bi+  ++,  Cd++,  AsOr- ",  As03 - ,  Sn++++,  A1+++, 

Fe+++,  Mn++,  Mo04 — ,  Tl+++,  or  UOi++.  The  anions  Cl", 
Br",  S04  ,  NOj",  CH3COO",  and  C103"  do  not  interfere. 

Colored  ions  reduce  the  sensitiveness  of  the  test.  By  use  of 
comparative  tests,  it  will  detect  vanadium  in  500  times  its 
weight  of  Co++  or  Cu++,  and  10  times  its  weight  of  Cr+  +  +  or 
WO<  . 
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Quantitative  Isolation  of  Hemicelluloses  from  Coniferous  Woods 

Preliminary  Communication 

LOUIS  E.  WISE,  Institute  of  Paper  Chemistry,  Appleton,  Wis. 


rHE  difficulty  of  isolating  hemicelluloses  quantitatively  from 
coniferous  woods  has  long  been  recognized.  Recently,  however, 
layme  ( 2 )  has  developed  a  technique  for  holoceliulose  isolation 
hich  appears  to  be  carried  out  more  readily  than  is  the  pro¬ 
cure  of  Van  Beckum  and  Ritter  (3).  It  depends  upon  the 
artial  delignification  of  wood  by  an  aqueous  acetic  acid  solution 
f  sodium  chlorite,  the  chlorine  dioxide  from  which  removes  a 
irge  part  of  the  lignin  without  seriously  affecting  the  cellulose 
r  hemicelluloses.  The  fibrous  residue  after  such  treatment  is 
ssentially  an  impure  holoceliulose,  from  which  the  lignin  and 
gnin  degradation  products  may  be  removed  almost  quan- 
tatively  in  the  course  of  subsequent  operations.  This  “holo- 
dlulose”  serves  as  a  suitable  starting  material  for  the  quan- 
tative  isolation  of  hemicellulose  fractions  and  for  their  further 
tudy. 

Ten-gram  samples  of  air-dried  unextracted  wood  (prepared 
y  passing  through  a  Wiley  mill)  were  heated  to  60°  C.  with  a 
plution  containing  500  ml.  of  water,  50  ml.  of  acetic  acid,  and 
0  grams  of  sodium  chlorite.  After  the  initial  heating,  the 
elignifieation  was  allowed  to  proceed  at  about  30°  C.  for 
4  hours,  the  mixture  being  stirred  at  intervals.  At  the  end  of 
Lais  period  the  nearly  white  residue,  which  retained  its  woody 
;ructure,  was  filtered  by  suction  and  washed  with  ice  water, 
he  hemicelluloses  were  removed  (in  any  desirable  number  of 
(■actions)  by  successive  extractions  with  aqueous  potassium 


hydroxide  in  an  atmosphere  of  nitrogen.  It  was  found  expedient 
in  the  present  study  to  begin  with  4  to  5%  and  to  end  with  24% 
potassium  hydroxide. 

The  first  of  these  extractions  was  carried  out  with  500  ml.  of 
4.6%  potassium  hydroxide  in  a  wide-mouthed  Erlenmeyer  flask 
carrying  an  outlet  tube  provided  with  a  stopcock.  The  rubber 
stopper  sealing  the  flask  carried  a  dropping  funnel  and  an  inlet 
tube  (reaching  nearly  to  the  bottom  of  the  flask),  also  provided 
with  a  stopcock.  Tne  crude  holoceliulose  was  transferred  quan¬ 
titatively  to  the  flask  and  dry  nitrogen  was  passed  through  for 
20  to  30  minutes,  following  which  the  aqueous  potassium  hy¬ 
droxide  (preheated  to  85°  C.)  was  added  gradually  without  inter¬ 
rupting  the  gentle  nitrogen  stream,  which  was  maintained  for 
about  15  minutes  longer.  All  stopcocks  were  then  closed,  and 
the  flask  was  shaken  at  intervals  during  the  24-hour  extraction 
period.  The  final  extraction  was  carried  out  similarly  but  with 
about  170  ml.  of  the  cold,  24%  potassium  hydroxide. 

Each  hemicellulose  fi  action  was  recovered  by  acidification 
with  acetic  acid  and  precipitation  with  alcohol  and,  when  neces¬ 
sary,  was  freed  from  residual  lignin  by  a  slight  modification  of 
Anderson’s  bromination  method  (7).  The  bromine  was  added 
dropwise  to  the  cold  acetic  acid  solution  (or  suspension)  of  the 
hemicellulose  until,  on  shaking,  a  slight  excess  of  bromine  per¬ 
sisted.  The  time  of  contact  between  the  bromine  and  the  hemi¬ 
cellulose  mixture  was  not  permitted  to  exceed  20  to  25  minutes, 
at  the  end  of  which  the  bromine  was  destroyed  by  the  addition 
of  an  excess  of  95%  ethanol  which  also  served  to  precipitate  the 
hemicellulose  fraction;  this  was  separated  by  centrifuging,  and 
thoroughly  washed  with  alcohol  and  with  ether  (and  finally 
filtered  on  a  1G3  Jena  fritted-glass  crucible). 
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Table  I.  Summative  Results 


Redwood,  Douglas  Fir, 

%  % 

Lignin0  31.30  25.80 

Alcohol  extract0  21.83  4.20 

Water  extract  on  residue  from  alcohol 

extraction0  1.80  3.20 

a-Cellulose  (corrected  for  ash  and  lignin)  35.75  50.09 

Hemicelluloses  (corrected  for  ash)  9.63  15.10 

Acetyl0  0.28  0 . 76 


Total  100.59  99.15 


°  Determinations  by  the  Analytical  Group  of  the  Institute. 


The  final  fibrous  residue  is  a-cellulose.  The  sum  of  the  various 
fractions  (corrected  for  ash)  gives  the  hemicellulose  content  of 
the  unextracted  wood.  It  is  recognized  that  the  boundary  be¬ 
tween  resistant  hemicelluloses  (the  cellulosans)  and  true  cel¬ 
lulose  is  an  arbitrary  one  and  that  changes  in  the  extraction 
technique  may  result  in  the  isolation  of  somewhat  more  or  less 
hemicellulose.  However,  the  sum  total  of  a-cellulose  and  hemi¬ 
celluloses — i.e.,  holocellulose — remained  reproducible  in  the 
case  of  two  conifers  studied.  The  method  permits,  for  the  first 
time,  a  direct  proximate  gravimetric  determination  of  the  hemi¬ 
celluloses. 


Table  I  shows  the  summative  results  obtained  with  (un¬ 
extracted)  redwood  and  Douglas  fir.  Acetyl  values  on  extracted 
wood,  but  calculated  on  the  basis  of  unextracted  wood,  are  in¬ 
cluded  because  these  groups  are  removed  during  the  hemi¬ 
cellulose  isolation.  The  work  is  being  extended  to  other  coni¬ 
fers. 

The  method  appears  to  have  the  following  advantages:  It 
gives  a  quantitative  picture  of  the  hemicellulose  content  of  the 
wood  and  permits  further  investigation  of  hemicellulose  fractions; 
preliminary  removal  of  extractives  is  unnecessary;  the  reagents 
cause  little  degradation  of  the  wood  polysaccharides  (2);  the 
technique  is  simple,  reproducible,  and  fairly  rapid;  and  the 
method  permits  a  summative  analysis  of  wood  in  which  all  im¬ 
portant  components  may  be  determined  separately  and  directly — 
i.e.,  in  which  a  summative  analysis  may  be  made  of  the  cellulose, 
hemicelluloses,  lignin,  and  extractives. 
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Determining  Jelly  Strength  of  Gelatin  Dessert  Jellies 

F.  L.  DeBEUKELAER,  O.  T.  BLOOM,  and  J.  T.  DeROSE 
Research  Laboratories,  Swift  &  Company,  Union  Stock  Yards,  Chicago  9,  III. 


FOR  the  past  20  years  (I)  the  Bloom  gelometer  has  been  the 
officially  recognized  instrument  of  the  glue  and  gelatin  in¬ 
dustries  for  measuring  the  jelly  strength  of  glues  and  gelatins. 
The  adoption  by  these  industries  of  the  standardized  procedures 
based  on  the  use  of  the  gelometer  marked  the  beginning  of  the 
scientific  testing  of  these  products.  That  during  this  time  only 
one  revision  (2)  of  these  methods  has  been  deemed  necessary  in¬ 
dicates  their  high  degree  of  success  and  satisfaction. 

The  Bloom  gelometer  has  one  fault  which  causes  concern  when 
testing  weak  jellies,  such  as  gelatin  dessert  jellies.  In  such  cases, 
when  the  standard  procedure  is  followed,  the  operator  hardly  has 
time  to  release  hold  of  the  arm  of  the  shot-flow  device  before  the 
cut-off  mechanism  functions.  This  fact,  together  with  the  sud¬ 
denness  of  the  application  of  the  load  to  the  jelly  surface,  results 
in  the  addition  of  an  excess,  due  probably  to  the  inertia  of  the 
jelly  to  deformation.  Finally,  there  is  the  usual  error  due  to  the 
shot  still  in  mid-air  at  the  instant  of  cut-off.  The  modified 
method  given  below  reduces  these  errors  to  a  practical  minimum. 

A  gadget  or  adapter,  which  is  slipped  into  position  on  the  shot 
cut-off  mechanism,  restricts  the  flow  of  shot,  so  that  the  rate  is 
reduced  to  40  to  50  grams  per  5  seconds  without  requiring  any 
change  in  the  setting  of  the  angle  of  pitch  of  the  arm.  Thus  the 
operator  is  able  to  change  quickly  to  the  standard  method  of  de¬ 
termining  stronger  jellies  by  simply  removing  the  adapter.  The 
other  basic  change  is  the  use  of  a  shot  receiver  that  reduces  to  a 
minimum  the  air  space  traversed  by  the  flowing  shot. 

The  following  procedure  is  recommended  for  determining  the 
jelly  strength  of  gelatin  desserts  or  similar  weak  jellies  with  the 
Bloom  gelometer,  equipped  with  the  above-mentioned  accessory. 

Having  checked  the  standard  rate  of  shot  flow  and  found  it  to 
be  200  ±  5  grams  per  5  seconds,  the  operator  slips  the  adapter  on 
the  jaw  of  the  shot  cut-off  mechanism  (Figure  1).  The  usual  rou¬ 
tine  of  making  the  determination  is  followed  except  at  the  point 
of  placing  the  regular  shot  receiver  on  the  pan  (2,  H- 2,  Figure  2). 
A  receptacle  weighing  2  to  3  grams  or  less  is  substituted.  The 
receiver  and  contents  are  weighed  on  a  balance  of  the  required 
sensitivity.  Duplicate  samples  should  check  within  0.2  gram. 
On  completion  of  the  testing  of  weak  jellies  the  adapter  is  re¬ 
moved,  and  the  instrument  is  ready  for  use  in  determining  strong 
jellies  by  the  present  standard  procedure. 


Figure  1 


These  accessories  to  the  Bloom  gelometer  are  furnished  at 
nominal  cost  to  owners  of  this  instrument  on  receipt  of  order  ad¬ 
dressed  to  Swift  &  Company,  Research  Laboratories,  Union  Stock 
Yards,  Chicago  9,  Ill. 
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Spectrochemical  Methods  of  Analysis 


Introductory  Remarks 


"CURING  the  past  ten  to  fifteen  years  important  strides  have 
^  been  made  in  the  application  of  physical  instruments 
o  analytical  problems  of  a  chemical  nature.  The  popu- 
arity  of  the  various  techniques  which  make  up  the  science 
)f  instrumental  analysis  has  increased  from  year  to  year 
ind  particularly  during  the  present  emergency  have  the 
nany  advantages  of  these  analytical  techniques  become 
veil  known.  Through  their  use  a  long  list  of  analyses 
mportant  to  the  accelerated  production  schedule  of  the 
ndustries  of  this  country  is  being  performed  daily, 
v^any  of  these  analyses  were  formerly  considered  to  be 
mpossible;  others,  which  are  now  completed  auto- 
natically  or  within  a  few  minutes  at  most,  previously 
equired  up  to  several  hours. 

In  developing  and  adapting  these  various  instruments 
}f  physics  to  the  problems  and  requirements  of  the  chemist, 
he  physicist  and  the  instrument  maker  have  rendered  the 
;ubject  of  analysis  an  invaluable  service.  It  has  indeed 
seen  interesting  to  observe  the  various  steps  in  the  con¬ 
version  of  these  research  instruments  of  physics  labora- 
ories  into  commercially  available  devices  for  routine 
analysis  and  in  certain  cases  into  instruments  for  industrial 
:ontrol  purposes.  Although  only  a  beginning  has  so  far 
seen  made  in  the  instrumentation  of  the  subject  of  analysis, 
he  successes  already  achieved  are  of  such  magnitude  as 
:o  indicate  much  further  work  along  these  lines  in  the 
uture.  After  the  close  of  the  war,  much  of  the  information 
sow  secret  will  undoubtedly  be  directly  applicable  to 


these  problems,  and  many  interesting  instrumental  de¬ 
velopments  may  be  expected. 

The  importance  of  instrumental  analysis  is  attested  by 
the  number  of  pertinent  publications  which  have  appeared 
in  recent  years  and  by  the  frequency  with  which  symposia 
on  some  phase  of  the  subject  have  been  sponsored  by 
scientific  societies.  As  the  various  methods  reached 
higher  and  higher  states  of  perfection,  so  also  did  the 
demands  increase  for  more  detailed  information  regard¬ 
ing  the  instruments,  the  techniques,  the  possible  fields 
of  applicaticn,  and  the  potentialities  of  the  methods. 

In  direct  answer  to  such  demands,  the  Division  of 
Analytical  and  Micro  Chemistry  and  the  Division  of 
Physical  and  Inorganic  Chemistry  held  a  joint  symposium 
during  the  New  York  Meeting  of  the  AMERICAN 
Chemical  Society  on  September  15,  1944.  Since 
only  one  day  could  be  devoted  to  this  symposium,  it  was 
impossible  to  cover  many  of  the  instrumental  develop¬ 
ments  which  would  have  been  interesting.  The  discussions 
were  therefore  limited  to  the  general  subject  of  Spectro¬ 
chemical  Methods  of  Analysis.  The  success  of  this  sym¬ 
posium  is  a  matter  of  record,  and  the  officers  of  the  two 
divisions  and  the  speakers  are  to  be  congratulated. 

Papers  by  Churchill  (p.  66),  Washburn,  Wiley,  Rock, 
and  Berry  (p.  74),  and  Mellon  (p.  81)  are  printed  in  this 
issue,-  other  papers  will  appear  soon.  It  is  hoped  that  their 
publication  will  prove  interesting,  helpful,  and  stimulating 
to  many  who  were  unable  to  attend  the  symposium. 

R.  BOWLING  BARNES 

Stamford  Research  Laboratories, 
American  Cyanamid  Company,  Stamford,  Conn. 
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Analytical  Applications  of  Emission  Spectrometry 

J.  RAYNOR  CHURCHILL 
Aluminum  Company  of  America,  New  Kensington,  Pa. 


The  status  of  emission  spectrometry  as  an  analytical  technique  in 
the  general  analytical  laboratory  is  discussed  with  particular  attention 
to  nonroutine  applications.  A  number  of  techniques,  involving 
qualitative  and  semiquantitative  tests  on  a  wide  variety  of  materials, 
are  described.  Specific  examples,  drawn  from  the  files  of  Aluminum 
Research  Laboratories,  are  given  to  illustrate  the  usefulness  of  the 

IN  THE  complete  modern  analytical  laboratory,  emission 
spectrometry  occupies  a  place  comparable  in  importance  to 
gravimetric  analysis  or  titrimetry.  Used  in  combination  with 
other  analytical  tools,  the  spectrograph  often  provides  the  analyst 
with  information  which  might  otherwise  be  unobtainable,  and 
protects  him  both  from  failing  to  detect  unexpected  metallic 
elements  and  from  making  tedious,  time-consuming,  and  sample¬ 
consuming  tests  for  metallic  elements  which  are  absent  or  present 
in  insignificant  quantities.  Occasionally,  the  laboratory  en¬ 
counters  a  problem  which  can  be  solved  entirely  by  spectroscopic 
methods.  More  often  the  spectrograph  is  used  as  a  preliminary 
to,  or  in  combination  with,  other  analytical  techniques.  The 
frequently  encountered  question,  “Will  the  spectrograph  even¬ 
tually  largely  replace  the  chemist  in  metallurgical  analysis?”,  is 
simply  a  manifestation  of  a  popular  misconception  as  to  the 
nature  and  use  of  the  spectrograph  in  the  analytical  scheme. 
With  no  more  absurdity,  one  might  inquire  whether  the  analytical 
balance  will  eventually  replace  the  analytical  chemist.  Both 
the  spectrograph  and  the  chemical  balance  are  simply  tools  of 
the  chemist’s  art,  and  either  can  be  used  effectively  in  simple, 
repetitive  analytical  procedures  by  routine  operators  who  can 
lay  no  claim  to  being  analytical  chemists. 

During  recent  years  the  most  highly  publicized  phase  of  emis¬ 
sion  spectrometry  has  been  its  application  to  high-speed  or  large- 
volume  routine  quantitative  analysis.  The  importance  of  this 
work  is  not  exaggerated  by  the  seemingly  extravagant  claims  of 
those  engaged  in  this  work,  or  by  the  enthusiastic  aggressive 
advertising  of  the  instrument  manufacturers.  It  is  literally 
true  that  hundreds  of  thousands  of  dollars  have  been  saved  in  ap¬ 
plications,  such  as  in  the  aluminum  industry,  in  analytical  costs 
alone,  to  say  nothing  of  the  benefits  resulting  from  the  speed  of 
obtaining  results.  To  the  analytical  chemist,  however,  routine 
quantitative  analysis  is  of  only  casual  interest,  except  in  so  far 
as  he  may  be  engaged  in  the  supervision  of  such  work,  the  develop¬ 
ment  of  routine  methods,  or  the  evaluation  of  the  standard 
samples  upon  which  the  routine  method  is  based. 

The  most  important  service  of  the  spectrograph  to  the  an¬ 
alytical  chemist  is  the  supplying  of  qualitative  information  with 
respect  to  the  metallic  and  semimetallic  elements.  No  other 
technique  provides  so  much  information  with  so  little  waste  of 
time  and  effort.  Qualitative  analyses  are  almost  completely 
objective,  expected  and  unexpected  elements  being  detected 
with  the  same  ease  and  certainty.  Moreover,  smaller  quantities 
of  most  elements  are  detectable  by  spectrography  than  by  or¬ 
dinary  wet  chemical  tests.  To  be  of  any  real  value  to  the  an¬ 
alytical  chemist,  a  so-called  qualitative  procedure  must  actually 
yield  semiquantitative  information.  The  degree  to  which  a 
spectrographic  analysis  is  quantitative  depends  on  the  nature 
of  the  material  analyzed,  the  conditions  of  excitation,  the  famil¬ 
iarity  of  the  analyst  with  the  particular  element  and  matrix  in¬ 
volved,  and  the  extent  to  which  standard  samples  are  employed. 
In  the  roughest  sort  of  qualitative  analysis,  the  analyst  is  gen¬ 
erally  able  to  place  the  elements  present  in  their  proper  orders  of 
magnitude.  Under  very  favorable  circumstances,  he  may  be 


spectrograph  in  general  qualitative  analysis  in  the  identification  of 
alloys,  in  seeking  explanations  for  differences  in  physical  and 
chemical  properties,  in  the  analysis  of  coatings  and  platings,  in 
corrosion  investigations,  and  in  a  variety  of  other  special  applica¬ 
tions.  The  limitations,  as  well  as  the  advantages,  of  spectrographic 
methods  in  qualitative  and  quantitative  analysis  are  pointed  out. 

able  to  make  quantitative  determinations  of  an  accuracy  com¬ 
parable  to  or  exceeding  other  methods  of  analysis.  High  quan¬ 
titative  accuracy  is  to  be  expected  only  in  eases  where  the  sample 
is  compared  directly  or  indirectly  with  very  similar  samples  of 
known  composition  and  when  a  method  of  excitation,  peculiarly 
suited  to  the  particular  type  of  sample  at  hand,  has  been  de¬ 
veloped.  In  handling  miscellaneous  samples  of  a  highly  varied 
nature,  it  is  not  only  impractical,  but  virtually  impossible,  to 
place  a  very  large  proportion  of  the  spectrographic  analyses  in  a 
general  laboratory  on  a  strictly  quantitative  basis  because  of 
the  problems  of  standardization  and  excitation  involved. 

It  is  true  that  almost  every  analytical  laboratory  is  called  upon 
to  perform  the  functions  of  a  routine  laboratory,  at  least  oc¬ 
casionally.  This  circumstance  may  arise  whenever  the  laboratory 
is  required  to  analyze  a  large  number  of  similar  samples.  In 
such  cases,  the  laboratory  may  be  able  to  develop  a  sufficiently 
economical  quantitative  spectrographic  method  to  justify  the 
time  and  expense  involved  in  the  preliminary  experimentation, 
standardization,  and  calibration  work  required.  Such  pro¬ 
cedures  are  routine  in  nature  and  are  not  within  the  scope  of  this 
paper.  Of  greater  interest  to  the  analytical  chemist  are  the 
quantitative  spectrographic  analyses  which  can  be  used  to  good 
advantage  in  nonroutine  work.  There  are  four  general  cases 
where  precise  quantitative  spectrographic  analysis  is  feasible  in 
nonroutine  work:  (1)  when  all  other  available  methods  of  test 
are  so  difficult  or  time-consuming  that  the  preliminary  work  in¬ 
volved  in  the  spectrographic  analysis  is  justified;  (2)  when  no 
other  method  will  give  sufficient  sensitivity  of  detection  or  suffi¬ 
ciently  high  accuracy;  (3)  when  the  sample  available  is  too  small 
to  be  analyzed  by  other  methods;  and  (4)  when  a  previously  de¬ 
veloped  procedure  and  a  suitable  set  of  standard  samples  happen 
to  be  available  when  the  sample  is  received.  All  four  situations 
may  occur  rather  frequently  in  the  general  analytical  laboratory. 

APPLICATIONS  OF  EMISSION  SPECTROGRAPHY 

From  the  point  of  view  of  the  analytical  chemist  working 
with  a  diversity  of  materials  in  a  nonroutine  laboratory,  the 
following  qualitative  or  semiquantitative  applications  of  emission 
spectrography  are  of  greater  interest  and  usefulness  than  the 
strictly  quantitative  applications. 

Preliminary  Testing  of  Unknowns.  Probably  the  most 
important  function  of  the  spectrograph  in  the  general  analytical 
laboratory  is  the  preliminary  analysis  of  miscellaneous  samples 
as  a  guide  to  quantitative  analysis  which  is  to  follow.  In  most 
modern,  general  analytical  laboratories  every  unknown  sample  is 
first  examined  spectrographically  by  a  simple,  more  or  less 
universal  procedure  which  yields  a  dependable,  sensitive  test 
for  the  majority  of  the  metallic  elements  and  provides  useful 
semiquantitative  information.  From  the  spectrographic  data, 
the  analyst  not  only  learns  what  elements  he  should  analyze  for 
but  is  able  to  select  the  procedure,  sample  weight,  and  quantities 
of  reagents  most  suitable  for  the  amounts  of  the  elements  present. 
The  analyst  is  protected  not  only  from  missing  rare  or  un¬ 
expected  elements  but  also  from  errors  in  analysis  which  might 
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lave  resulted  from  the  interfering  effects  of  these  unexpected 
dements  in  his  other  quantitative  determinations.  Moreover, 
le  is  spared  from  having  to  run  time-consuming  chemical  tests 
or  elements  that  are  not  present  in  significant  quantity. 

Identification  of  Materials.  The  general  analytical  labo¬ 
ratory  frequently  receives  samples  on  which  the  only  datum  re¬ 
quested  is  an  answer  to  the  simple  question,  “What  is  this  ma¬ 
terial?”  The  material  in  question  may  be  anything  from  a  mas¬ 
sive  casting  to  a  minute  inclusion  detected  microscopically  in  a 
jiece  of  metal.  It  may  be  a  thin  plating,  a  sample  of  rock,  a 
latent  medicine,  or  mysterious  precipitate.  Such  problems  are 
iften  solved  completely  by  a  spectrographic  test.  In  other  cases 
i  spectrographic  test  may  be  used  in  combination  with  chemical 
,ests  for  acid  radicals,  organic  compounds,  or  other  constituents 
vhich  the  spectrograph  will  not  detect.  Some  of  the  analytical 
obs  falling  in  this  general  category  may  require  an  approximate 
quantitative  analysis,  as,  for  example,  in  the  identification  of  an 
illoy,  or  the  determination  of  the  grade  of  some  standard  product 
or  which  a  grading  system  based  on  purity  has  been  established. 

Comparisons  between  Similar  Materials  Showing  Dif¬ 
ferences  in  Physical  or  Chemical  Behavior.  Another  very 
mportant  category  of  problems  in  which  the  spectrograph  is 
lighly  useful  is  in  the  comparison  of  materials  of  similar  type  but 
nanifesting  different  properties.  Metallurgical  laboratories 
requently  receive  samples  of  alloys  having  unusually  good  or 
inusually  poor  mechanical  properties  or  resistance  to  corrosion, 
tn  such  cases  a  simple  spectrographic  comparison  between  nor- 
nal  and  abnormal  materials  often  yields  important  information, 
n  some  cases  not  only  solving  the  problem  at  hand  but  oc- 
lasionally  providing  information  which  may  lead  to  improve- 
nents  in  the  product.  Similar  applications  are  frequently  en¬ 
countered  in  comparing  satisfactory  and  unsatisfactory  reagent 
chemicals,  catalysts,  paint  coatings,  and  a  host  of  other  materials. 

Checking  Chemical  Separations.  In  the  development  and 
mprovement  of  wet  chemical  methods  and  in  checking  the 
/alidity  of  certain  existing  methods,  emission  spectrography  pro- 
ddes  an  excellent  means  of  studying  the  completeness  of  separa¬ 
tions,  the  purity  of  precipitates,  and  the  nature  of  any  fractions 
such  as  insoluble  residues,  or  precipitates  of  unknown  composition 
vhich  may  occur  in  experimental  analytical  work. 

Miscellaneous  Qualitative  and  Semiquantitative  Stud¬ 
ies.  In  investigational  work,  numerous  special  applications  of 
the  spectrograph,  not  included  in  the  foregoing  categories,  are 
encountered.  For  example,  the  spectrograph  has  been  very 
valuable  in  corrosion  studies,  both  in  diagnostic  analyses  of  the 
corroded  metal  and  corroding  medium  and  in  tests  designed  to 
determine  the  likelihood  of  corrosion  by  testing  both  the  metal 
surface  and  its  environment.  Another  valuable  type  of  applica¬ 
tion  is  in  making  qualitative  or  semiquantitative  surveys  in¬ 
volved  in  studying  the  occurrence  and  distribution  of  the  rarer 
elements,  in  tracing  the  origin  of  minor  impurities  in  products 
whose  manufacture  involves  the  use  of  a  large  variety  of  raw 
materials,  in  following  the  progress  of  purification  processes,  and 
in  making  large-scale  statistical  studies.  In  many  of  these  ap¬ 
plications,  the  spectrograph  provides  the  only  feasible  means  of 
obtaining  the  desired  information.  The  economy  and  speed  of 
the  spectrographic  method  often  enable  the  analyst  to  obtain  a 
much  greater  volume  of  data,  thereby  making  the  final  results 
more  conclusive. 

APPARATUS 

The  minimum  basic  spectrographic  equipment  of  a  general 
analytical  laboratory  includes  a  spectrograph,  a  darkroom,  a 
simple  excitation  source,  such  as  the  direct  current  arc,  and  a  few 
sundries  and  accessories  necessary  for  the  development  of  films  or 
plates,  the  preparation  of  samples,  and  the  viewing  of  spectro¬ 
grams.  With  this  minimum  equipment,  the  analyst  can  do  much 
of  the  qualitative  and  semiquantitative  spectrographic  work  dis¬ 
cussed.  To  obtain  the  maximum  usefulness  out  of  the  spectro¬ 


graph,  considerably  more  elaborate  equipment  is  required  and  the 
additional  cost  is  almost  always  amply  justified.  Today,  the 
general  analytical  laboratory  cannot  be  considered  complete  with¬ 
out  the  following: 

A  flexible,  relatively  high  dispersion  spectrograph,  either  one 
of  the  larger  grating  instruments  or  one  of  the  so-called  “auto¬ 
matic”  quartz  prism  instruments. 

A  direct  current  arc  source. 

A  conventional  spark  source  or,  better,  one  of  the  newer,  highly 
flexible  excitation  units  which  will  produce  the  equivalent  of  any 
of  the  conventional  sources. 

Equipment  for  accurately  controlling  the  development  and 
processing  of  films  and  plates. 

A  comparator  or  projector  suitable  for  the  visual  examination 
of  spectrograms,  preferably  equipped  with  a  wave-length  scale 
and  with  some  provision  for  comparing  two  or  more  plates  or 
films. 

A  reliable  densitometer,  also  preferably  equipped  with  wave¬ 
length  scale  and  a  provision  for  comparison  with  a  reference 
spectrogram.  The  comparator  and  densitometer  may  be  com¬ 
bined  in  one  instrument. 

Chemical  and  mechanical  facilities  for  the  preparation  of 
samples. 

A  large  variety  of  accessories,  including  arc  stands,  spark 
stands,  electrode  holders,  tongs,  forceps,  electrical  and  optical 
testing  equipment,  timers,  etc. 

Wave-length  tables,  spectrum  atlases,  and  reference  books. 

The  specific  makes  of  instruments  and  the  design  of  the  various 
accessories  desirable  in  a  particular  laboratory  depend  on  the 
scope  and  nature  of  the  analytical  work  anticipated.  More 
specific  recommendations  along  these  lines  can  best  be  obtained 
from  laboratories  that  have  had  spectrographic  experience  in  ap¬ 
plications  of  similar  character. 

GENERAL  TECHNIQUES 

Use  of  the  Direct  Current  Arc.  Despite  the  emphasis  on 
various  types  of  controlled  sparks  and  on  elaborate  new  sources 
recently  placed  on  the  market,  the  direct  current  arc  remains 
the  most  widely  used  and  most  generally  applicable  excitation 
source  in  nonroutine  applications.  While  the  controlled  spark 
is  much  more  widely  used  in  routine  quantitative  work  and  per¬ 
forms  functions  for  which  the  direct  current  arc  is  inadequate, 
the  direct  current  arc  is  more  nearly  indispensable  than  the  spark 
in  general  qualitative  and  semiquantitative  analysis.  The  arc 
owes  its  general  superiority  in  such  applications  to  the  high 
sensitivity  of  detection  it  provides  and  to  the  fact  that  it  can  be 
used  conveniently  on  almost  any  type  of  sample. 

All  direct  current  arc  techniques  are  very  similar  and  the  dif¬ 
ferences  that  exist  are  generally  superficial  modifications  neces¬ 
sary  to  increase  the  stability  of  the  arc  in  a  particular  application 
or  to  favor  the  detection  of  elements  of  special  interest  in  a  par¬ 
ticular  test. 

In  virtually  all  cases  a  small  portion  of  the  sample  (usually 
not  over  10  mg.)  is  volatilized  in  an  arc  operating  at  from  4  to 
15  amperes.  The  light  from  the  entire  arc  or  from  the  central 
portion  of  the  arc  is  ordinarily  used  for  the  analysis.  (Special 
techniques,  such  as  the  cathode  layer,  will  not  be  considered 
here.)  If  the  submitted  sample  is  of  suitable  dimensions  and 
properties,  one  or  both  of  the  electrodes  may  be  specimens 
formed  from  the  sample.  In  this  case,  the  arc  is  operated  for  a 
timed  interval  determined  by  previous  experience.  More  often, 
a  small  portion  of  the  sample  is  placed  in  a  crater  formed  in  the 
end  of  a  graphite  electrode.  This  electrode  is  used  as  the  lower 
electrode  in  the  arc  and  is  usually  positive.  Another  graphite 
rod  is  used  for  the  negative  upper  electrode.  An  arc  of  this  type 
is  more  generally  applicable  to  the  variety  of  samples  received 
in  a  general  laboratory  and  is  usually  more  satisfactory  than  an 
arc  using  self-electrodes  because  it  enables  the  operator  to  vola¬ 
tilize  completely  a  known  amount  of  sample  and  because  it 
affords  greater  sensitivity  in  the  detection  of  small  amounts  of  the 
elements  less  easily  excited  in  the  arc. 

The  arc  is  essentially  a  thermal  phenomenon.  The  elements 
present  in  the  sample  must  be  vaporized  before  they  are  excited 
and  the  more  volatile  elements  will  be  volatilized  and  excited 
first.  The  temperature  attained  by  the  electrodes  is  controlled 
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by  the  amperage  applied,  the  relative  amounts  and  boiling  points 
of  the  elements  present,  and  the  conditions  surrounding  the  arc 
which  affect  the  transfer  of  heat.  When  the  sample  placed  in  the 
electrode  crater  contains  constituents  of  widely  different  boiling 
points,  the  elements  of  highest  boiling  point  volatilize  relatively 
slowly,  if  at  all,  in  the  early  stages  of  the  exposure  and  do  not 
attain  maximum  excitation  until  the  more  volatile  substances 
have  been  vaporized.  When  self-electrodes  are  used,  minor 
elements  of  lower  volatility  than  the  matrix  are  often  very  diffi¬ 
cult  to  excite,  and  sensitivity  of  detection  is  correspondingly  low. 
For  example,  molybdenum  is  not  detected  in  aluminum  alloys 
containing  up  to  a  few  hundredths  per  cent  when  self-electrodes 
are  used,  but  can  be  detected  in  amounts  less  than  0.001%  when 
a  small  sample  of  the  alloy  is  completely  volatilized  in  a  graphite 
arc. 

The  successive  excitation  of  the  elements  in  the  inverse  order 
of  volatilities  makes  possible  an  increase  in  sensitivity  of  detec¬ 
tion  for  any  given  element  by  photographing  only  that  portion 
of  the  arcing  cycle  during  which  the  intensity  produced  by  that 
element  is  at  a  maximum.  To  do  this  by  means  of  a  single  ex¬ 
posure  requires  that  previous  data  be  available  which  will  enable 
the  analyst  to  select  the  proper  portion  of  the  arcing  period  for 
the  test.  A  more  practical  scheme,  when  extreme  sensitivities 
are  required,  has  been  used  occasionally  in  some  laboratories. 
This  system  is  generally  referred  to  as  the  moving  plate  technique 
and  consists  of  simply  moving  the  photographic  plate  vertically, 
either  at  frequent  regular  intervals  or  in  a  slow  continuous  mo¬ 
tion  during  the  arcing  cycle.  While  this  technique  is  useful  in 
particular  cases,  it  is  not  generally  necessary  or  particularly 
desirable  in  most  spectrographic  analysis  because  of  complica¬ 
tions  and  uncertainties  introduced  in  attempting  to  integrate 
intensity  over  a  period  of  time  in  making  quantitative  estimates 
and  because  simpler,  less  elaborate  techniques  are  generally 
adequate. 

Graphite  is  almost  universally  used  for  arc  electrodes  in  general 
qualitative  and  semiquantitative  work.  Unlike  metallic  elec¬ 
trodes,  it  will  not  melt  or  form  a  crust  of  oxide.  Moreover,  it  is 
easily  formed  to  the  desired  shape  and,  most  important  of  all,  it 
is  obtainable  in  the  extremely  high  purity  necessary  for  many 
purposes.  Graphite  electrodes  could  not,  of  course,  be  used  in 
testing  for  carbon.  However,  carbon  tests  are  rarely  made 
spectrographically  and  are  considered  impractical  in  many 
spectrographic  laboratories. 

For  certain  purposes,  the  so-called  “regular”  grade  spectro¬ 
scopic  graphite  is  useful  and  electrodes  of  this  grade  are  obtain¬ 
able  from  at  least  four  manufacturers  in  the  United  States. 
These  electrodes  are  very  inexpensive  (approximately  6  cents 
per  foot  for  0.25-inch  diameter  rods)  and  may  be  purified  by 
chemical  treatment  or  by  high-temperature  exposure  to  various 
atmospheres  to  increase  their  applicability  to  the  analytical 
problems  of  the  general  laboratory.  However,  laboratory  meth¬ 
ods  of  purification  are  not  completely  satisfactory  and  even  the 
purified  electrodes  are  unsuitable  for  general  qualitative  work 
when  minor  impurities  are  important.  A  very  high-grade 
graphite,  sold  under  the  designation  “special  spectroscopic  graph¬ 
ite”,  is  the  only  graphite  available  in  sufficient  purity  to  be 
generally  applicable  in  qualitative  analyses  for  minor  con¬ 
stituents.  As  far  as  is  known  to  the  author,  graphite  of  this 
grade  is  obtainable  from  only  one  manufacturer  and  the  cost  is 
understandably  much  higher  than  the  “regular”  or  intermediate 
grades  available  elsewhere. 

In  Aluminum  Research  Laboratories  and  in  many  other 
laboratories  having  a  similar  diversity  of  problems,  it  has  been 
found  expedient  to  standardize  on  the  special  spectroscopic  graph¬ 
ite  rods,  not  only  because  a  large  proportion  of  the  analyses  made 
actually  require  graphite  of  the  highest  purity  but  also  because  of 
the  risk  of  mixing  the  grades  in  a  busy  laboratory  in  which  a  large 
number  of  analysts  are  doing  similar  work.  There  are,  of  course, 
occasional  instances  where  other  supporting  electrodes  are  used. 
Since  the  special  spectroscopic  graphite  has  been  available,  the 
use  of  supporting  electrodes  other  than  graphite  has  been  largely 
restricted  to  tests  for  carbon,  tests  in  which  the  cyanogen  bands 
produced  in  the  graphite  arc  are  objectionable,  and  specific  tests 
in  which  less  expensive  electrodes,  such  as  copper,  can  be  used. 
Some  spectrographers  prefer  ungraphitized  carbon  rods  to  graph¬ 
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Figure  1.  Typical  Graphite  Electrodes  Used  with 
the  Direct  Current  Arc 

I  to  10,  lower  electrodes 

II  to  13,  upper  electrodes 


ite  rods.  The  extensive  use  of  ungraphitized  carbons  has  beer 
prevented  by  the  difficulty  in  shaping  electrodes  from  this^ma 
terial. 

There  are  almost  as  many  different  shapes  of  supporting  elec 
trades  as  there  are  laboratories  doing  arc  work.  Most  of  thesi 
differences  are  simply  minor  variations  in  dimensions  and  are  no' 
particularly  important.  Figure  1  shows  a  typical  assortment  o 
electrodes  representing  the  most  generally  used  types. 

-  No.  1  is  a  simple  shallow  cup  drilled  in  the  end  of  a  0.25-incl 
electrode.  This  is  probably  the  most  widely  used  type  for  mis 
cellaneous  qualitative  and  semiquantitative  analysis.  No.  2  ha: 
a  deeper  cavity  and  is  widely  used  when  the  sample  is  introducec 
into  the  cavity  as  a  solution  or  suspension.  In  such  cases  thi 
electrode  is  dried  before  arcing.  Nos.  3  and  4  are  modification: 
of  Nos.  1  and  2,  respectively.  The  addition  of  the  center  pos 
reduces  the  wandering  of  the  arc.  Nos.  5,  6,  7,  and  8  are  the  so 
called  necked  electrodes.  Necking  the  electrodes  aids  in  attain 
ing  higher  electrode  temperatures  by  reducing  the  withdraws 
of  heat  by  conduction  along  the  electrode.  Nos.  9  and  10  an 
special  purpose  electrodes,  developed  by  and  sold  in  fabricatec 
form  by  Applied  Research  Laboratories.  No.  9,  the  boile 
electrode,  is  potentially  useful  in  specific  tests  for  the  more  volatili 
elements  and  in  the  moving  plate  technique.  This  electrode  i: 
specifically  designed  to  enhance  preferential  distillation  effect 
in  the  arc.  No.  10,  known  as  the  platform  electrode,  has  beei 
used  in  the  quantitative  analysis  of  refractories,  ore  materials 
and  steel  samples. 

Nos.  11  and  12  are  the  most  generally  used  upper  electrodes 
No.  11  being  simply  a  short  length  broken  or  sawed  from  i 
graphite  rode,  and  No.  12  having  been  sharpened  in  a  penci 
sharpener  or  other  cutting  device.  No.  13  is  an  upper  electrodi 
developed  for  use  with  the  platform  electrode,  and  necked  to  ai( 
in  attaining  high  arc  temperatures.  When  used  with  sample; 
containing  large  amounts  of  alkali,  this  form  of  upper  electrodi 
is  effective  in  preventing  the  crawling  of  the  arc  up  the  sides  o 
the  upper  electrode. 

The  majority  of  laboratories  use  0.25-inch  rod  in  the  preparatioi 
of  electrodes,  but  some  use  0.125-,  3/i6-,  and  6/i6-inch  rods.  Then 
is  also  a  rather  wide  range  of  cavity  depths,  center  post  heights 
and  wall  thicknesses  in  use  in  various  laboratories.  While  thi 
thirteen  electrodes  shown  illustrate  the  most  important  distinc 
types,  special  shapes  are  often  devised  for  handling  individua 
samples  or  for  certain  specific  tests.  In  testing  for  small  amount: 
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)f  mercury,  arsenic,  or  other  volatile  constituents,  a  very  deep 
:avity  (sometimes  0.5  inch  or  more)  of  small  diameter  has  been 
'ound  effective.  Such  an  electrode  permits  the  distillation  of  the 
volatile  elements  from  a  relatively  large  sample. 

The  center  post  and  the  pointed  upper  electrode  are  both  el¬ 
ective  in  reducing  the  amount  of  wandering  of  the  arc  during  ex- 
josure.  It  is  particularly  desirable  to  keep  the  arc  well  centered 
vith  respect  to  the  electrodes  when  the  arc  image  is  focused 
lirectly  on  the  slit  of  the  spectrograph.  It  is  much  less  important 
vhen  an  image  is  focused  on  the  grating  or  collimator  of  the 
pectrograph.  In  this  case  a  magnification  can  be  selected  at 
vhich  the  arc  image  will  remain  within  the  collimator  or  grating 
is  the  arc  wanders  around  the  periphery  of  the  electrode  tip  and 
he  use  of  center  posts  and  pointed  upper  electrodes  becomes 
mnecessary.  A  center  post  makes  an  electrode  somewhat  less 
onvenient  in  loading  and  slightly  enhances  the  band  spectra 
>roduced  by  the  carbon  compounds  formed  in  the  arc. 

Simply  placing  a  portion  of  the  sample  in  an  electrode  crater 
md  applying  current  will  not  usually  produce  an  arc  suitable  for 
;eneral  analytical  purposes.  Most  metal  samples  will  spit  and 
putter  and,  in  some  cases,  accumulations  of  oxide  will  form  and 
nterfere  with  the  stability  of  the  arc.  Hydrated  salts  or  oxides 
nil  evolve  water  vapor  so  rapidly  that  they  will  be  largely  ex- 
lelled  from  the  arc  before  a  representative  spectrum  has  been 
btained.  A  similar  performance  is  to  be  expected  for  any 
ample  containing  highly  volatile  salts  or  compounds  that  de- 
ompose  with  the  evolution  of  gases  or  react  with  violence  under 
he  influence  of  the  sudden  rise  in  temperature  when  the  arc  is 
truck.  Samples  containing  compounds  of  low  volatility  or  con- 
aining  elements  which  form  such  compounds  in  the  arc  often 
orm  small  molten  beads  which  frequently  roll  out  of  the  cavity 
luring  arcing. 

Most  of  the  above  effects  can  be  largely  eliminated  by  the 
iroper  preparation  of  the  samples  for  arcing  and  by  the  admixture 
I  certain  substances  with  the  samples.  The  first  and  most  ob- 
■ious  step  in  this  direction  is  the  preliminary  heating  of  the 
ample  to  eliminate  water  and  to  decompose  any  unstable  com- 
(ounds  tending  to  cause  sputtering  or  loss  of  sample  in  the  arc. 
Sometimes  a  chemical  treatment  is  necessary  to  convert  the  orig- 
nal  compounds  present  into  compounds  more  amenable  to  arcing, 
n  many  cases  it  is  further  desirable  that  the  sample  be  diluted 
| vith  some  noninterfering  material  which  will  prevent  the  forma- 
ion  of  mobile  beads  of  molten  salt,  oxides,  or  metals,  and  will 
issist  in  the  volatilization  of  elements  of  high  boiling  points  or 
lements  existing  in  extremely  nonvolatile  compounds. 

Chemical  analysts  in  the  field  are  sharply  divided  as  to  the 
ype  of  material  most  suitable  in  accomplishing  these  ends.  One 
;roup  prefers  the  addition  of  a  volatile  or  highly  reactive  ma- 
erial  which  will  mechanically  spray  the  sample  up  into  the  arc. 
Vmmonia  salts  are  the  most  common  additions  of  this  type  and 
nany  analysts  add  ammonia  salts  in  all  general  qualitative  and 
emiquantitative  work.  While  this  method  represents  an  im- 
(rovement  over  the  simple  arc  in  which  no  diluent  is  used,  it  does 
lot  provide  the  best  sensitivity  and  dependability  in  dealing 
vith  such  materials  as  alumina,  zirconia,  or  Columbia.  The 
>ther  group  of  analysts,  of  which  the  author  is  a  member,  ad¬ 
vocates  doing  all  possible  to  prevent  loss  of  sample  by  spitting  or 
graying  and  accomplishing  the  excitation  of  elements  forming 
efractory  oxides  by  chemical  reduction. 

Both  ends  are  accomplished  by  the  addition  of  powdered  graph- 
te.  For  best  results  the  sample  is  finely  ground  and  very  inti- 
nately  mixed  with  at  least  twice  its  weight  of  graphite.  Such  a 
nixture  yields  a  steady  arc  with  a  minimum  of  spraying.  The 
nost  refractory  oxides  are  decomposed  and  the  sample  is  vola- 
ilized  in  a  relatively  short  exposure.  The  molten  salts  or  ox- 
des  are  largely  prevented  from  forming  beads.  Rather  high 
■eproducibility  of  excitation  is  achieved  and  the  sensitivity  in 
letecting  such  elements  as  zirconium,  molybdenum,  and  colum- 
(ium  is  much  improved  over  the  mechanical  spraying  method, 
[n  most  cases  the  spectrum  of  carbon  and  carbon  compounds  is 
ictually  weaker  than  when  no  graphite  is  added,  since  the  ex- 
Josure  time  required  for  complete  volatilization  is  much  reduced. 
Metallic  samples  may  be  handled  in  a  similar  way,  the  finely 
livided  particles  required  being  generally  obtained  by  filing. 


In  many  cases  it  is  desirable  or  necessary  to  introduce  the 
sample  into  the  electrode  as  a  solution.  This  situation  arises 
frequently  when  the  material  to  be  analyzed  is  too  small  to  be 
conveniently  handled  as  a  solid  and  in  comparative  analyses 
where  the  amount  of  the  sample  introduced  into  the  electrodes 
can  be  controlled  most  conveniently  by  measurement  of  volume. 
The  use  of  solutions  often  provides  a  convenient  means  of  adding 
an  internal  standard  when  quantitative  or  semiquantitative 
data  are  sought  and  facilitates  the  preparation  of  synthetic 
standards. 

In  some  cases  the  solution  is  simply  introduced  into  the  elec¬ 
trode  cavity  and  dried  by  heating;  in  this  case  a  large  part  of 
the  sample  will  be  absorbed  by  tbe  electrode.  Some  spectrog- 
raphers  arc  the  electrodes  prior  to  introducing  the  sample,  for 
the  double  purpose  of  purification  and  promoting  the  absorption 
of  the  sample.  Other  spectrographers  prefer  to  treat  the  elec¬ 
trode  cavity  with  some  noninterfering  material  which  will  prevent 
absorption.  Either  an  acetone  solution  of  cellulose  acetate 
or  kerosene  is  satisfactory  for  most  cases.  Sealed  electrodes,  in 
general,  will  yield  higher  sensitivities  of  detection,  better  re¬ 
producibility,  and  spectra  which  are  weaker  in  band  structure 
from  carbon  compounds.  When  substantial  quantities  of  alu¬ 
minum,  zirconium,  titanium,  or  other  elements  forming  oxides  of 
relatively  high  boiling  points  are  present,  the  performance  of  the 
arc  is  improved  by  introducing  powdered  graphite  or  carbon  into 
the  cavity  before  adding  the  sample.  The  graphite  powder 
promotes  the  volatilization  of  such  elements  and  reduces  the 
tendency  towards  forming  molten  beads  of  oxides. 

In  most  laboratories,  samples  are  introduced  into  the  electrodes 
as  solutions  only  in  special  cases.  When  a  sufficiency  of  sample 
is  available,  better  results  are  generally  obtained  by  evaporating 
the  solutions  to  dryness,  igniting  to  remove  water  and  to  de¬ 
compose  the  less  stable  salts,  intimately  mixing  the  residue  with 
graphite  or  carbon,  and  introducing  the  mixture  into  the  electrode 
as  a  solid. 

Alternating  Current  Spark.  Spark  excitation  may  be  of 
use  to  the  general  analytical  laboratory  in  the  following  cases: 

When  the  results  obtained  on  the  direct  current  arc  are  not 
sufficiently  quantitative. 

When  a  metal  specimen  is  to  be  analyzed  with  a  minimum  of 
danger  to  the  specimen. 

When  the  test  is  to  be  restricted  to  a  metal  surface  or  to  a  par¬ 
ticular  small  region  of  a  metal  sample. 

Most  analyses  can  be  made  somewhat  more  precisely  from 
a  quantitative  standpoint  by  using  a  condensed  spark  discharge. 


Figure  2.  Petrey  Spark  Stand 
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Semiquantitative  analysis  of  a  somewhat  higher  grade  than  that 
provided  by  the  arc  is  often  required  in  the  general  laboratory 
in  the  identification  of  alloys  and  in  seeking  small  differences  in 
composition  between  various  types  of  samples.  In  the  case  of 
metallic  samples,  both  spark  electrodes  may  be  cut  from  the 
sample  and  sparked  directly.  Cases  are  frequently  encountered 
where  the  size  or  shape  of  the  submitted  sample  is  such  that  only 
one  electrode  can  be  prepared  conveniently  from  the  sample 
itself.  In  such  cases  an  alter  electrode  of  graphite  is  used.  In 
Aluminum  Research  Laboratories  and  in  many  other  general 
laboratories,  it  is  general  practice  to  use  the  sample  as  one 
electrode  (usually  the  upper)  and  a  graphite  rod  as  the  other 
electrode.  The  Petrey  stand  (Figure  2),  which  is  now  widely 
used  in  quantitative  spectrographic  analysis,  was  originally  de¬ 
veloped  for  general  spark  work  and  is  so  used  in  a  number  of 
laboratories.  Any  sample  having  a  surface  large  enough  to  cover 
the  aperture  in  the  top  plate  can  be  sparked  by  simply  laying  it 
on  the  spark  stand.  Various  clamps  and  adapters  are  used  to 
hold  very  small  samples  in  place. 

While  spark  spectra  have  been  used  less  frequently  for  in¬ 
creasing  quantitative  accuracy  on  nonmetallic  samples,  the  spark 
can  be  applied  very  effectively  to  salts,  oxides,  rocks,  and  mis¬ 
cellaneous  powders.  The  sample  is  mixed  with  de-ashed  natural 
graphite  (1  part  sample,  2  parts  graphite)  and  pressed  into  a 
pellet  which  is  used  as  one  electrode  in  the  spark.  This  method 
yields  results  almost  equaling  those  obtained  in  sparking  metal 
samples  in  some  cases.  Quantitative  analyses  of  materials  for 
which  no  chemically  analyzed  standards  are  available  can  be 
carried  out  with  synthetics  by  the  pressed  pellet  technique,  pro¬ 
viding  synthetics  having  similar  composition  and  states  of  com¬ 
bination  of  components  can  be  prepared.  For  example,  a  metal 
sample  can  be  converted  to  oxides  by  chemical  treatment  and 
compared  with  samples  of  oxides  prepared  from  volumetric  solu¬ 
tions  of  metal  salts. 

Many  laboratories  are  frequently  asked  to  analyze  metal  speci¬ 
mens  whose  intrinsic  or  historical  value  or  whose  practical 
utility  makes  it  necessary  to  analyze  the  specimen  with  as  little 
damage  as  possible.  Often  spark  excitation  is  the  best  means  of 
obtaining  the  information  desired  with  a  minimum  of  damage 
to  the  specimen.  In  cases  of  this  kind,  a  low-powered  spark  is 
played  on  a  selected  area  of  the  sample  from  a  graphite  electrode. 
The  spectrum  so  obtained  is  compared  with  spectra  prepared  in 
the  same  way  from  samples  of  known  composition.  When  the 
tests  are  complete,  the  last  evidence  of  the  sparking  can  usually 
be  removed  by  polishing. 

Localized  tests  on  metal  specimens  often  provide  valuable 
information  not  easily  obtainable  by  other  tests.  The  identifica¬ 
tion  of  thin  coatings  and  platings  is  a  frequent  problem  in  spectro¬ 
graphic  analysis. 

Such  identifications  are  easily  made  by  playing  a  low-powered 
spark  discharge  on  the  surface.  Often  it  is  possible  to  identify 
each  of  several  layers  of  a  coating,  as  in  the  case  where  one  or 
more  different  metals  have  been  successively  plated  onto  the 
surface.  In  such  cases,  a  technique  analogous  to  the  moving 
plate  technique  is  sometimes  useful.  The  spark  is  allowed  to 
impinge  on  the  given  spot  on  the  specimen  for  a  sufficient  period 
to  penetrate  all  of  the  coatings,  and  the  spectrograph  plate  is 
racked  at  regular  intervals  during  the  sparking  period,  giving  a 
number  of  spectrograms  each  representing  a  different  depth  of 
penetration.  Such  tests  are  sometimes  valuable  in  studying  the 
diffusion  of  the  base  metal  into  the  coating.  By  using  a  similar 
sparking  technique,  it  is  often  possible  to  obtain  valuable  informa¬ 
tion  on  metal  surfaces  which  may  aid  in  studying  the  effective¬ 
ness  of  cleaning  methods,  the  presence  of  surface  impurities 
introduced  in  fabrication,  the  presence  of  surface  contaminants 
which  may  have  a  bearing  on  corrosion  problems,  and  the  nature 
of  stains  or  deposits  of  unknown  origin.  In  some  such  problems, 
Aluminum  Research  Laboratories  have  found  a  moving  electrode 
very  helpful.  By  moving  the  sample  slowly  back  and  forth 
during  sparking,  the  exposure  may  be  made  to  represent  any 
desired  area  of  the  surface.  This  provides  a  useful  technique 
in  identifying  extremely  thin  platings,  coatings,  or  deposits  which 
are  quickly  penetrated  by  the  spark,  and  in  obtaining  informa¬ 
tion  as  to  average  surface  composition  over  a  selected  area. 


Other  Excitation  Sources.  Many  analytical  laboratories 
make  extensive  use  of  excitation  sources  other  than  the  simple 
direct  current  arc  and  the  condensed  spark.  Most  important 
of  these  from  a  standpoint  of  current  usage  is  the  alternating 
current  arc.  While  this  source  is  not  an  essential  piece  of  equip¬ 
ment  in  most  laboratories,  it  has  been  very  useful  in  specific  ap¬ 
plications.  In  general,  the  sensitivity  of  detection,  stability, 
and  field  of  application  are  intermediate  between  those  of  the 
direct  current  arc  and  the  condensed  spark.  Without  any  in¬ 
tention  of  derogation,  the  alternating  current  arc  is  omitted  from 
this  discussion  because  the  techniques  used,  the  results  obtained, 
and  the  scope  of  application  are  largely  included  in  the  genera) 
remarks  pertaining  to  the  other  two  sources.  In  most  applica¬ 
tions,  the  alternating  current  arc  is  a  good  compromise  between 
the  alternating  current  spark  and  the  direct  current  arc,  and  as 
such  it  will  serve  a  few  purposes  better  than  either  of  the  othei 
two  sources. 

Looking  to  the  future,  the  most  important  excitation  sources, 
other  than  the  direct  current  arc  or  the  alternating  current  spark, 
are  the  highly  flexible,  all-purpose  units  such  as  the  Multisource 
While  “Multisource”  is  the  trade  name  of  a  particular  excitatior 
unit,  it  represents  a  type  which  may  become  popular  in  the  future 
The  Multisource  is  highly  flexible  and  is  equipped  with  all  the 
most  effective  devices  for  regulation  and  control  of  the  discharge. 
It  is  capable  of  producing  discharges  equivalent  in  most  respects 
to  the  direct  current  arc,  the  condensed  spark,  and  the  alternating 
current  arc,  as  well  as  a  number  of  intermediate  discharges  nol 
available  on  other  units.  This  unit  can  be  used  in  place  of  othei 
excitation  sources  in  many  applications,  and  the  Multisource 
or  equivalent  apparatus  may  eventually  replace  the  source  units 
now  more  or  less  standard  equipment  in  many  spectrographie 
laboratories. 
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SPECIFIC  APPLICATIONS 

The  remainder  of  this 
iscussion  is  devoted  to 
-actical  examples  illus- 
ating  the  usefulness  of 
nission  spectroscopy  to 
le  analytical  chemist. 
11  this  material  is  based 
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Figure  4.  Spark  Spectra  of  Five  Typical  Aluminum  Alloys 


i  work  performed  at  Aluminum  Research  Laboratories.. 
General  Qualitative  Analysis.  All  miscellaneous  samples 
ibmitted  for  complete  chemical  analysis  are  first  tested  quali- 
ttively  as  follows: 

A  portion  of  the  sample  is  prepared  for  arcing.  On  non- 
etallic  samples  this  usually  involves  ignition  to  remove  water, 
•inding  to  a  fineness  approximating  200-mesh,  and  mixing  with 
■aphite  (2  parts  graphite  to  1  part  sample).  In  special  cases 
here  small  amounts  of  mercury,  arsenic,  or  other  volatile  ele- 
ents  are  likely  to  be  present,  a  separate  sample  is  prepared 
ithout  ignition,  and  both  ignited  and  unignited  samples  are 
lalyzed.  In  the  case  of  metal  samples,  the  preparation  usually 
rnsists  of  preparing  a  small  amount  of  fine  filings  from  the 
.rnple  and  mixing  with  graphite.  In  some  cases  graphite  may  be 
nitted  if  the  metal  is  one  which  is  easily  volatilized  without 
fitting.  In  this  case  a  small  fragment  of  the  metal  may  be 
sed  instead  of  filings.  In  other  cases  the  metal  may  be  con- 
rted  to  salts  or  oxides  by  chemical  treatment,  and  the  salts 
•  oxides  prepared  for  arcing  as  described  for  nonmetallic  samples. 
A  portion  of  the  sample  is  placed  in  the  crater  of  an  electrode 
:  the  type  designated  as  No.  1  in  Figure  1.  This  electrode  is 
sed  as  the  lower  electrode  in  the  arc  and  is  positive.  An  arc 
irrent  of  12  to  15  amperes  is  used  on  all  samples  which  are  mixed 
ith  graphite.  On  metal  particles  analyzed  without  graphite, 
le  arc  current  is  usually  reduced  to  4  or  5  amperes,  at  least  for 
le  initial  stages  of  arcing.  In  all  cases,  except  in  specific  tests 
>r  the  more  volatile  elements,  the  arcing  is  continued  until  the 
imple  is  completely  volatilized. 

The  spectrum  is  recorded  on  an  Eastman  Type  103-L  or  Type 
L  plate.  The  test  is  repeated  at  two  or  more  different  settings 
f  the  spectrograph  to  cover  a  range  of  wave  lengths  including 
snsitive  lines  of  all  of  the  elements  sought.  On  a  Gaertner 
vo-lens  spectrograph,  two  exposures  are  required,  one  extending 
•om  2275  to  4000  A.,  and  the  other  from  2800  to  8500  A.  If  the 
unple  available  is  sufficient  for  only  one  exposure,  the  region 
490  to  6000  is  used.  On  other  spectrographs  the  wave-length 
mges  will  be  different  and  three  exposures  may  be  necessary  to 
lclude  a  sufficient  wave-length  range.  An  iron  arc  spectrum 
nd  occasionally  one  or  more  additional  reference  spectra  are 
hotographed  in  juxtaposition  with  each  spectrum  or  group  of 
pectra  in  each  region.  The  plate  is  developed  and  processed  by 
onventional  methods. 

For  interpretation,  the  spectrogram  is  viewed  on  a  viewing  box 
r,  more  often,  projected  on  a  screen  at  a  magnification  of  about 
0  to  1.  The  analyst  identifies  the  lines  of  the  various  con- 
tituents  present  by  the  positions  of  the  lines  relative  to  the  iron 
pectrum.  Quantities  are  estimated  by  relative  blacknesses  of 
ne  images  and  the  estimation  is  largely  based  on  the  previous 
xperience  of  the  analyst  and  comparisons  with  spectra  of  samples 
f  known  composition. 

Three  typical  qualitative  analyses  reported  on  the  form  used 
>y  Aluminum  Research  Laboratories  are  shown  in  Figure  3.  The 
>ercentage  groupings  are  based  on  the  visual  estimates  of  the 
.nalyst  and  are  intended  to  give  the  approximate  percentage  of 
.ny  one  element  with  respect  to  the  total  amount  of  all  elements 
letected.  While  this  same  type  of  report  is  used  on  all  general 
[ualitative  analyses,  the  report  must  frequently  contain  ad- 
litional  data,  such  as  loss  on  ignition,  total  solids,  or  other  in- 
ormation  which  may  be  required  for  interpreting  the  report. 

The  interpretation  of  qualitative  spectrograms  is  the  most 
lifficult  job  in  the  spectrographic  laboratory.  The  quality  of  the 
esults  is  directly  proportional  to  the  experience  and  judgment  of 
he  analyst.  He  must  be  thoroughly  acquainted  with  the  prin¬ 
cipal  lines  of  all  of  the  elements  and  must  know  which  lines  are 
nterfered  with  by  lines  of  other  elements,  and  to  what  degree, 
le  must  be  thoroughly  familiar  with  the  iron  spectrum  and  must 
lave  a  tremendous  accumulated  memorabilia  of  data  which  will 
enable  him  to  exercise  dependable  judgment  in  the  estimation 


of  quantities.  He  should  have  a  broad  knowledge  of  the  typical 
compositions  of  the  myriad  different  materials  he  may  be  called 
upon  to  analyze  and  must  be  acquainted  with  the  effects  of  dif¬ 
ferent  matrices  and  different  techniques  of  excitation  on  the 
spectral  response  obtained  from  the  elements. 

Alloy  Identification.  Often  a  familiar  alloy  can  be  identi¬ 
fied  by  a  simple  qualitative  analysis  made  by  the  technique  in 
the  foregoing  paragraphs.  Of  course,  in  most  cases  a  complete 
qualitative  examination  is  not  required,  since  minor  impurities 
are  usually  of  little  importance  in  determining  an  alloy.  How¬ 
ever,  it  is  often  necessary  to  make  an  analysis  of  greater  quan¬ 
titative  accuracy  than  the  usual  qualitative  examination  in  order 
to  distinguish  between  alloys  of  similar  composition.  General 
practice  in  this  laboratory  is  to  make  a  simple  qualitative  exam¬ 
ination  by  means  of  arc  spectra  to  determine  the  general  type  of 
alloy,  and  to  follow  this  with  a  spark  test  in  comparison  with 
appropriate  samples  of  known  composition.  Figure  4  shows  the 
spark  spectra  of  a  number  of  aluminum  alloys.  These  spectra 
were  prepared  by  using  a  machined  or  filed  surface  of  the  sample 
as  the  upper  electrode  on  the  Petrey  stand  and  a  hemispherically 
tipped  graphite  rod  as  the  lower  electrode. 

It  has  been  claimed  in  several  metallurgical  laboratories  that 
the  determination  of  alloys  by  the  spectrograph  would  be  ample 
justification  for  the  cost  of  the  equipment,  if  there  were  no  other 
use  for  the  apparatus. 

A  case  in  point  occurred  in  a  plant  where  a  large  number  of 
aluminum  tubes  had  been  cut  very  accurately  to  specific  lengths 
and  given  a  special  polishing  treatment.  In  a  batch  of  several 
thousand  tubes  it  was  suspected  that  a  few  of  the  tubes  were  of 
the  wrong  alloy.  Since  the  tubes  had  already  been  cut  and  care¬ 
fully  finished,  the  removal  of  analytical  samples  would  have 
meant  the  rejection  of  all  tubes  sampled.  The  problem  was 
solved  by  taking  all  the  tubes  to  the  laboratory  and  identifying 
the  alloys  by  spectra  prepared  by  playing  a  weak  spark  dis¬ 
charge  on  the  surfaces.  The  tubes  of  the  incorrect  alloy  were 
easily  sorted  out  and  the  slight  blemish  left  by  the  spark  was  re¬ 
moved  by  polishing  the  remaining  tubes. 

Very  frequently  an  alloy  identification  is  required  on  a  sample 
which  is  too  small  for  positive  identification  by  other  means. 
This  frequently  occurs  in  the  case  of  aluminum  alloys,  where 
the  alloys  are  often  very  complex.  The  chemical  identification 
of  an  aluminum  alloy  may  require  tests  for  eleven  different  con¬ 
stituents  and  even  after  testing  for  the  eleven  common  additions, 
there  is  the  risk  of  missing  some  unusual  constituent,  especially  on 
very  small  samples. 

Comparisons  between  Materials  Showing  Different 
Properties.  A  typical  example  of  a  simple  analytical  compari¬ 
son,  which  had  far-reaching  consequences,  occurred  in  Aluminum 
Research  Laboratories  several  years  ago. 

One  of  the  workers  in  the  metallurgical  laboratory  was  in¬ 
structed  to  prepare  several  batches  of  an  aluminum  alloy  and  was 
given  the  compositions  to  be  used  in  synthesis.  The  series  was 
to  contain  various  amounts  of  copper  and  manganese,  and  the 
usual  impurities  present  in  the  range  of  25S  alloy.  In  subse¬ 
quent  tests,  one  of  the  alloys  produced  was  found  to  have  ex¬ 
ceptionally  high  properties  for  this  alloy  and  was  inconsistent 
■with  the  other  members  of  the  series.  A  chemical  analysis  had 
been  made  for  the  elements  added  and  all  the  impurities  to  be 
expected  from  the  raw  materials  used.  No  explanation  for  the 
unusual  properties  was  obtained  and  the  matter  was  largely  for¬ 
gotten  until  a  year  or  so  later  when  a  spectrograph  was  installed 
in  the  laboratories.  One  of  the  metallurgists  still  had  a  speci¬ 
men  of  the  metal  showing  the  unusual  properties  and  submitted 
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the  sample  for  spectrographie  examination.  A  simple  arc  spec¬ 
trum  comparison  between  this  sample  and  a  sample  of  a  similar 
alloy  showing  normal  properties  revealed  that  the  abnormal 
sample  contained  a  few  hundredths  of  a  per  cent  tin.  The  effect 
of  tin  was  soon  verified  by  intentional  additions,  and  a  new  alloy 
was  born. 

Such  comparisons  among  metal  specimens  and  among  other 
types  of  samples  are  frequent  occurrences  in  this  laboratory,  al¬ 
though  they  are  not  always  of  as  great  ultimate  importance. 

Another  typical  problem  involving  a  semiquantitative  com¬ 
parison  between  samples  showing  different  properties  arose  in 
connection  with  corrosion  studies  made  at  Aluminum  Research 
Laboratories. 

For  many  years  corrosion  investigators  had  used  water  from 
a  certain  municipal  supply  as  a  standard  test  medium  because 
of  its  unusual  pitting  action  on  aluminum.  To  improve  the 
reproducibility  of  test  conditions  over  long  periods  and  to  avoid 
the  inconvenience  involved  in  collecting  and  shipping  the  water, 
it  was  decided  to  duplicate  the  municipal  water  by  chemical 
synthesis.  Chemical  analyses  of  this  water  over  a  period  of 
years  were  available  and  from  these  data  the  average  com¬ 
position  was  calculated  and  a  test  water  was  prepared  by  adding 
appropriate  amounts  of  the  various  salts  to  distilled  water. 
Unfortunately,  this  test  water  did  not  duplicate  the  behavior 
of  the  municipal  water  and  was,  therefore,  altogether  unsuit¬ 
able. 

Samples  of  the  municipal  water  and  of  the  synthetic  product 
were  submitted  to  the  analytical  laboratory  to  determine  the 
difference  in  composition.  Portions  of  each  were  evaporated  to 
dryness  and  the  residues  were  compared  spectrographically  by 
means  of  arc  spectra.  The  spectrograph  revealed  that  the  city 
water  contained  small  amounts  of  a  number  of  heavy  metals  not 
present  in  the  synthesized  water.  Further  chemical  and  spectro- 
graphic  tests  were  made  to  determine  the  quantities  of  these 
minor  constituents,  and  a  second  synthetic  sample  was  pre¬ 
pared  containing  appropriate  additions  of  salts  of  these  minor 
constituents.  This  water  was  found  to  be  equivalent  to  the 
original  city  water  and  has  since  been  used  as  a  standard  cor¬ 
rosion  test  medium. 

Both  of  the  foregoing  illustrations  were  taken  from  the  records 
of  several  years  ago  when  the  spectrograph  was  just  beginning  to 
come  into  its  own.  While  they  are  cited  as  typical  examples  of 
spectrographie  applications,  the  order  of  events  is  usually  some¬ 
what  different  today.  When  an  experimental  alloy  is  prepared 


or  when  a  material  is  to  be  duplicated  by  synthesis,  a  spectre 
graphic  analysis  is  generally  made  at  the  outset  and  not  as  a 
afterthought.  Nevertheless,  one  of  the  most  useful  activitie 
of  the  spectrographer  is  in  the  detection  of  differences  in  compos 
tion  which  may  explain  why  two  or  more  apparently  simila 
materials  differ  in  chemical  or  physical  properties,  and  th 
spectrograph  has  provided  useful  information  in  thousands  ( 
such  problems  in  Aluminum  Research  Laboratories. 

Corrosion  Investigations.  Owing  to  its  high  resistance  t 
corrosion  in  most  environments,  aluminum  is  often  employed  i 
applications  where  corrosion  of  metal  parts  is  the  chief  hazarc 
When  failures  occur,  the  spectrograph  often  provides  a  means  c 
determining  the  cause  of  corrosion,  thereby  providing  informs 
tion  necessary  in  preventing  future  failures.  The  spectrograp 
is  particularly  useful  when  the  corrosion  has  been  caused  by  th 
presence  of  heavy  metals,  such  as  copper  or  tin,  in  contact  wit 
the  aluminum  or  of  salts  in  solutions  which  are  in  contact  wit 
the  aluminum.  When  the  corrosion  has  been  caused  by  excessit 
alkalinity  or  acidity,  the  spectrograph  is  generally  less  usefu 
although  in  the  former  case  it  may  provide  valuable  informatio 
concerning  the  presence  or  absence  of  specific  alkali  elements. 

The  plan  of  attack  on  a  corrosion  problem  presented  to  th 
laboratory  may  vary  widely,  depending  on  the  nature  of  th 
samples  submitted  and  the  analyst’s  knowledge  of  the  history  < 
the  samples.  For  purposes  of  illustration,  let  it  be  assume 
that  the  analyst  has  insufficient  historical  information  concernir 
the  corroded  metal  to  form  a  definite  opinion  as  to  the  nature  < 
the  attack  and  that  he  is  able  to  obtain  the  necessary  samples  f( 
test  purposes.  Under  these  circumstances,  a  complete  series  < 
diagnostic  tests  would  include  the  following: 

1.  Spectrographie  analysis  by  means  of  arc  spectra  of  an 
corrosion  products  removable  mechanically. 

2.  Localized  tests  in  the  corroded  areas  by  the  use  of  ai 
spectra  of  nitric  acid  leaches  or  spark  spectra  obtained  by  spar! 
ing  selected  areas. 

3.  Semiquantitative  comparison  of  1  and  2  with  uncorrodc 
portions  of  the  specimen  to  determine  which  of  the  elemen 
detected  in  the  corrosion  products  or  on  the  corroded  surf  a  ( 
may  have  originated  in  the  metal  itself  and  which  are  coi 
taminants. 
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Figure  5.  Arc  Spectra  of  Corrosion  Product  and  Blank  from  Aluminum  Pitcher 
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Figure  6.  Spark  Spectra  of  Surfaces  of  Spot-Welded  Magnesium  Sheet 


a.  Unblackened  areas  of  sheet 

b.  Blackened  areas  of  sheet 
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4.  Qualitative  spectrographic  analysis  of  a  carefully  cleaned 
irtion  of  the  metal  itself. 

5.  Qualitative  examination  of  any  metal  parts,  solutions,  or 
'.her  materials  which  had  been  in  contact  with  the  corroded 
etal  when  the  corrosion  occurred. 

6.  Supplementary  chemical  tests  including  tests  for  acid 
l.dicals,  pH  determinations  on  the  corrosion  product  and  on 
iy  materials  making  up  the  environment  of  the  corroded 
iecimen. 

Obviously,  in  specific  instances  some  of  the  foregoing  tests  may 
)t  be  required.  Frequently,  the  spectrographic  examination, 
igether  with  the  investigator’s  knowledge  of  the  case,  may 
-ovide  the  complete  solution.  In  other  cases  the  spectrograph 
ay  provide  only  negative  information,  enabling  the  investigator 
i  eliminate  certain  possibilities.-  Following  are  two  examples 
'  corrosion  problems  which  were  solved  by  simple  spectrographic 
:sts: 

An  aluminum  pitcher  had  failed  in  service  in  a  hospital, 
mce  aluminum  pitchers  ordinarily  gave  excellent  service  in  such 
ipfications,  the  pitcher  was  sent  to  Aluminum  Research  Labo- 
itories  to  determine  the  cause  of  corrosion.  As  received  in  the 
boratory,  the  pitcher  showed  a  number  of  perforations  through 
8  bottom,  but  all  visible  traces  of  corrosion  product  had  been 
moved  by  washing  and  scouring  at  the  hospital.  The  per- 
irated  areas  were  leached  briefly  in  hot  concentrated  nitric 
fid.  An  uncorroded  piece  of  the  metal  was  carefully  cleaned 
>  remove  all  surface  contaminants  and  leached  as  a  blank  de- 
irmination.  The  two  leaches  were  evaporated  to  dryness  in  a 
ater  bath  and  the  residues  mixed  with  graphite  powder  and 
impared  spectrographically  by  volatilization  in  a  direct  cur- 
;nt  arc.  Examination  of  the  spectrograms  revealed  that 
lercury  was  present  in  appreciable  quantity  in  the  corroded 
rea,  thus  providing  a  convincing  explanation  for  the  corrosion, 
i  Figure  5  is  shown  an  enlargement  of  the  portion  of  the  spectro- 
rams  which  includes  the  sensitive  mercury  line  at  2536.5  A.  It 
as  thought  probable  that  a  thermometer  had  been  broken  in 
re  pitcher,  thus  introducing  the  mercury  and  initiating  the 
irrosion. 

A  piece  of  equipment  made  from  spot-welded  magnesium  sheet 
rowed  a  black  deposit  at  and  near  the  spot  welds  and  was  visibly 
orroded  in  the  blackened  areas.  The  spectrographic  examina- 
on  revealed  that  the  blackened  areas  bore  substantial  amounts 
f  copper,  which  would  be  expected  to  cause  corrosion.  The 
lachnique  used  is  a  rather  typical  example  of  the  application  of 
park  methods  to  such  problems.  A  spark  discharge  from  a 
ointed  graphite  rod  was  played  on  the  blackened  surface  for  a 
iw  seconds  and  the  spectrum  produced  was  compared  with  one 
roduced  by  an  unblackened  portion  of  the  surface  of  the  same 
pecimen.  Figure  6  ^hows  portions  of  the  spectrograms 
btained.  The  first  spectra  is  an  iron  arc  reference  spectra.  The 
econd,  fourth,  sixth,  and  eighth  spectra  represent  blackened 
reas  of  the  sheet,  and  the  third,  fifth,  seventh,  and  ninth  each 
epresents  an  unblackened  area  adjacent  to  the  blackened  area 
epresented  by  the  preceding  spectrum.  The  copper  originated  in 
he  spot-welding  electrodes  and  it  was  subsequently  found 
hat  both  the  blackening  and  the  corrosion  were  easily  avoided 
iy  scratch-brushing  the  surface  after  spot-welding. 

Identification  of  Platings  and  Coatings.  The  identifica- 
ion  of  very  thin  platings  or  coatings  is  an  occasional  problem  in 
dost  laboratories  and  a  very  frequent  one  at  Aluminum  Research 
.laboratories.  A  rather  typical  example  is  afforded  by  a  sample 
ecently  submitted  by  an  inventor  who  claimed  to  have  a  re- 
narkable  and  mysterious  method  for  plating  aluminum  on  steel 
rom  an  aqueous  solution. 

The  specimen  submitted  was  a  piece  of  sheet  about  1  inch 
quare,  very  thinly  coated  with  a  fight-colored  metal.  Visual 
:xamination  of  a  scraped  area  indicated  that  the  base  metal  was 
■opper  or  brass  and  not  steel.  The  coating  and  core  were  posi¬ 
tively  identified  by  subjecting  them  to  a  weak  spark  discharge. 
The  spectra  revealed  that  the  specimen  was  simply  high-grade 
opper  sheet,  bearing  a  thin  coating  of  tin.  Portions  of  the 
pectrograms  obtained  are  shown  in  Figure  7.  In  this  figure, 
he  first  spectrum  represents  the  core  metal,  and  the  second 
•epresents  the  plating  plus  a  certain  amount  of  the  core,  un¬ 
avoidably  included  because  of  the  thinness  of  the  coating. 

While  the  spark  technique  is  generally  used  in  identifying 
;oatings  on  metal  surfaces,  it  is  usually  necessary  to  employ  the 
firect  current  arc  in  studying  coatings  on  other  materials. 


Figure  7. 
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Spark  Spectra  of  Core  and  Coating  of  Tin-Coated 
Copper  Sheet 


For  example,  this  laboratory  was  recently  asked  to  assist  in 
identifying  the  transparent  coatings  on  two  samples  of  glass 
which  showed  appreciable  electrical  conductivity.  Each  coating 
was  removed  by  leaching  briefly  with  hydrofluoric  acid,  cleaned 
by  further  leaching,  and  then  leached  for  the  purpose  of  obtaining 
a  blank.  The  leaches  of  the  coatings  and  blanks  were  evaporated 
to  dryness  and  the  residues  compared  by  means  of  arc  spectra. 
One  of  the  surfaces  tested  was  found  to  be  very  high  in  rhodium 
and  the  other  high  in  tin.  Figure  8  shows  the  spectra  on  which 
these  analyses  were  based. 
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Figure  8.  Arc  Spectra  to  Determine  Nature  of  Electrically 
Conducting  Coatings  on  Glass 


Miscellaneous  Applications.  Following  are  a  few  ex¬ 
amples,  taken  from  the  files  of  Aluminum  Research  Laboratories, 
which  illustrate  the  diversity  of  problems  in  which  emission 
spectroscopy  has  been  useful: 

Particles  weighing  0.01  mg.  or  less  have  been  identified  as  to 
major  metallic  constituents  by  means  of  arc  spectra.  In  many 
cases  the  particle  was  so  small  that  it  was  necessary  to  handle  it 
under  a  microscope.  Such  samples  are  usually  placed  in  a  graph¬ 
ite  electrode  and  covered  with  a  layer  of  powdered  graphite  to 
avoid  losing  the  sample  before  it  can  produce  its  spectrum. 

By  simple  arc  techniques,  the  analytical  chemist  can  often 
determine  which  of  several  brands  of  a  reagent  is  most  suitable  for 
a  particular  determination  and  can  often  trace  contaminants 
which  may  cause  high  blanks  or  interfering  effects,  directly  to 
their  source.  Spectrographic  tests  of  this  sort  have  been  valu¬ 
able  in  the  development  of  chemical  procedures  and  in  the 
selection  of  reagents  in  Aluminum  Research  Laboratories. 

A  large  number  of  samples  of  sheet  rubber  were  submitted 
to  the  laboratory  to  determine  whether  the  zinc  content  was 
above  or  below  a  certain  specification.  A  rapid  spectrographic 
method  of  sufficient  precision  was  devised  by  one  of  the  chemists 
within  the  space  of  an  hour.  This  method  consisted  of  simply 
cutting  a  small  disk  from  each  sample  with  a  paper  punch  and 
using  this  disk  as  one  electrode  in  the  spark.  While  rubber 
electrodes  are  not  generally  considered  feasible,  they  performed 
very  well  in  this  application  and  the  method  has  been  adopted 
as  a  regular  acceptance  test.  The  rubber  samples  involved, 
both  in  the  original  work  and  in  the  subsequent  routine  work, 
were  sheets  about  0. 125  inch  thick.  At  the  start  of  the  exposure 
the  spark  first  jumps  to  the  supporting  electrode.  The  surface 
of  the  rubber  is  carbonized  almost  immediately  and  will  then 
sustain  the  spark.  The  results  obtained  are  reasonably  re¬ 
producible  and  it  was  found  practical  to  base  the  determination 
on  duplicate  spectrograms  compared  visually  with  spectrograms 
of  a  sample  containing  the  amount  specified  as  the  acceptance 
limit  The  results  are  dependable  within  about  15%  of  the 
amount  present. 


SUMMARY 

While  the  scope  and  diversity  of  analytical  methods  based  on 
emission  spectrometry  preclude  anything  approaching  a  com¬ 
prehensive  treatment  in  this  paper,  it  is  hoped  that  the  general 
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discussion,  coupled  with  the  specific  examples  drawn  from  one 
general  analytical  laboratory,  will  indicate  useful  applications 
in  other  laboratories  and  will  help  in  establishing  the  spectro¬ 
graph  in  its  proper  status  with  respect  to  other  analytical  tools. 
Emission  spectrometry  alone  will  not  provide  the  answer  to  a 
very  large  proportion  of  the  problems  presented  to  the  laboratory 
and  its  limitations,  as  well  as  its  advantages,  must  be  recognized 
if  the  spectrograph  is  to  be  effectively  applied  in  the  analytical 
scheme.  Although  the  spectrographic  analysis  of  a  sample  may 
provide  more  information  than  any  other  type  of  analysis,  it  can 
rarely,  if  ever,  be  considered  a  complete  analysis  and  must  always 
be  supplemented  by  other  techniques  if  nonmetallic  elements  are 
of  interest  or  if  compounds  must  be  identified  or  determined. 

Quantitative  spectrographic  methods  are  feasible  in  many 
applications  and  in  specific  cases  may  be  superior  to  any  other 
existing  method.  However,  such  cases  are  the  exception  rather 
than  the  rule,  and  all  precise  quantitative  spectrographic  analy¬ 
ses  must  be  based  on  careful  calibrations  with  samples  of  known 


composition  and  must  be  preceded  by  careful  investigation  ol 
sampling,  excitation,  and  other  factors  pertaining  to  the  specific 
analysis  to  be  made.  The  automatic,  push-button  type  oi 
spectrographic  procedure,  in  which  a  relatively  untrained  operatoi 
manipulates  a  few  switches  and  levers  and  is  presented  with  ar 
accurate  quantitative  analysis,  is  possible  only  under  very  favor¬ 
able  circumstances  and,  as  a  rule,  only  after  months  or  years  o: 
research  and  development. 

Bearing  these  limitations  in  mind,  the  spectrograph  is  still  one 
of  the  most  useful  pieces  of  apparatus  in  the  modern  analyti¬ 
cal  laboratory.  While  emission  spectrometry  supplants  othei 
methods  of  testing  in  particular  cases,  its  most  important  con 
tributions  are  in  complementing  other  methods  and  in  greatly 
increasing  the  amount  of  information  the  chemical  analyst  cai 
glean  from  the  samples  he  receives.  The  extent  to  which  thi: 
combination  of  art  and  science  contributes  to  the  functions  o 
the  analytical  laboratory  depends  largely  on  the  initiative  ant 
imagination  of  the  analyst,  and  on  his  background  of  traininj 
and  experience  in  analytical  chemistry. 


Mass  Spectrometry 

H.  W.  WASHBURN,  H.  F.  WILEY,  S.  M.  ROCK,  AND  C.  E.  BERRY 
Consolidated  Engineering  Corp.,  Pasadena,  Calif. 


The  observed  experimental  correlation  between  mass  spectra  and 
structure  of  hydrocarbon  molecules  is  illustrated  by  the  spectra  of 
the  octanes.  The  large  variations  of  spectra  with  minor  variations 
in  arrangement  of  atoms  in  a  molecule  are  responsible  for  the  appli¬ 
cability  of  the  mass  spectrometer  to  analysis  of  isomeric  paraffin 
mixtures  containing  as  many  as  ten  components.  The  analysis  of  a 
mixture  from  its  mass  spectrum  can  be  obtained  from  the  solution  of 
linear  simultaneous  equations.  However,  in  samples  encountered 
in  the  Cj  through  Cs  range  of  hydrocarbons,  many  components  or 
groups  of  components  can  be  determined  from  mass  spectrum  peaks 
which  receive  no  contribution  from  other  components  in  the  mix¬ 
ture.  This  is  especially  true  when  the  peaks  referred  to  are  corrected 
for  the  presence  of  heavy  isotope.  The  resulting  simplifications  in 
computing  the  analyses  are  illustrated  by  specific  examples.  Some 
types  of  mixtures  which  are  advantageously  analyzed  by  the  mass 
spectrometer  are  discussed.  A  short  description  of  instrument 
operation  is  included. 


THE  mass  spectrometer  has  in  the  past  two  years  graduated 
from  a  piece  of  laboratory  apparatus  to  an  industrial  instru¬ 
ment.  It  is  at  present  being  used  for  refinery  control  as  well  as 
for  special  analytical  problems  encountered  in  refinery  operation, 
and  is  employed  in  experimental  laboratories  engaged  in  process 
development  and  other  chemical  research. 

This  paper  gives  a  brief  historical  sketch  of  the  subject  and 
indicates  the  types  of  analyses  to  which  this  new  analytical 
method  is  well  adapted.  In  addition,  its  specific  application  to 
refinery  control  is  described. 

HISTORICAL  SKETCH 

The  first  mass  spectrograph  was  built  by  Aston  as  part  of  a 
rather  extensive  research  program  to  study  the  new  gas  at  mass 
22  observed  on  Sir  J.  J.  Thomson’s  positive  ray  apparatus. 
When  this  gas  was  discovered  in  1913,  it  was  not  known  whether 
it  was  an  unknown  gas  or  an  isotope  of  neon  similar  to  Sardi’s 
isotopes  observed  in  the  radioactive  elements. 

In  1920  Aston  proved  this  gas  was  an  isotope  of  neon  by  means 
of  the  mass  spectrograph.  Aston  then  carried  on  his  searches 
to  find  the  masses  and  relative  abundances  of  the  isotopes  of  some 


58  of  the  elements.  From  these  data  he  was  able  to  determin 
the  atomic  weights  accurately. 

The  mass  spectrograph  is  an  accurate  instrument  for  deter 
mining  the  masses  of  the  isotopes,  but  is  not  accurate  in  the  de 
termination  of  the  relative  abundances.  This  is  due  to  the  fac 
that  in  the  mass  spectrograph  the  spectrum  is  recorded  by  allow 
ing  ions  of  several  masses  to  impinge  simultaneously  on  a  photo 
graphic  plate,  and  the  abundances  are  then  determined  fron 
measurements  of  photographic  density.  To  overcome  the  in 
accuracies  inherent  in  density  measurements,  an  instrument  wa 
developed  which  recorded  the  abundances  by  allowing  the  ion 
of  a  single  mass  at  a  time  to  impinge  on  a  target  which  was  con 
nected  to  an  electrometer  or  to  an  electrometer  tube  and  gal 
vanometer.  Because  of  this  new  method  of  recording,  this  in 
strument  was  named  the  mass  spectrometer  to  distinguish  it  fron 
the  mass  spectrograph. 

The  mass  spectrometer  is  the  simpler  instrument  of  the  two 
since  only  a  single  mass  at  a  time  is  recorded  and  high  resolutioi 
is  not  required  for  recording  relative  abundance.  This  simplicity 
was  partly  responsible  for  the  extension  of  the  use  of  the  mas 
spectrometer  to  fields  other  than  the  relative  abundance  measure 
ments  in  the  determination  of  atomic  weights. 

New  applications  at  first  were  in  isotope  tracer  experiment 
and  in  fundamental  studies  employing  appearance  potential 
measured  by  the  instrument.  The  most  recent  development  i 
the  improvement  of  the  instrument  which  permits  its  applicatioi 
to  the  analysis  of  gas  and  liquid  mixtures.  It  is  this  applicatioi 
of  the  mass  spectrometer  which  is  discussed  in  the  present  paper 

APPARATUS 

The  mass  spectrometer  and  associated  apparatus  are  showi 
in  Figure  1.  Either  gas  or  liquid  samples  can  be  analyzed.  I 
the  sample  is  normally  a  gas,  it  is  first  introduced  into  the  meter 
ing  volume  where  its  pressure  is  measured,  then  expanded  int< 
the  inlet  sample  bottle. 

If  the  sample  is  normally  a  liquid,  a  known  amount  of  th< 
liquid  is  first  sealed  in  a  small  glass  ampoule.  This  ampoule  ii 
waxed  into  the  metal  break-off  compartment  where  it  is  broker 
off  under  vacuum  and  allowed  to  expand  into  the  inlet  sampli 
bottle.  The  pressure  in  the  inlet  sample  bottle  is  sufficiently 
low,  so  that  the  normally  liquid  sample  is  in  vapor  phase  anc 
hence  for  the  remainder  of  its  flow  need  not  be  distinguished  fron 
the  gas  sample. 
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The  sample  is  allowed  to  flow  through  the  ionization  chamber 
iy  opening  the  stopcock  immediately  ahead  of  the  orifice.  The 
lumping  system  and  orifice  are  so  designed  that  a  constant  flow 
f  the  sample  is  maintained  through  the  ionization  chamber. 

When  in  the  ionization  chamber,  the  gas  is  subjected  to  electron 
ombardment  which  converts  some  of  the  neutral  molecules  into 
■ositive  ions.  These  ions  are  acted  on  by  electric  and  magnetic 
elds  in  such  a  manner  as  to  form  a  fan  of  ion  beams,  each  beam 
ontaining  ions  of  one  mass  only. 

By  gradually  varying  the  electric  or  magnetic  fields  this  fan 
f  ion  beams  is  forced  to  sweep  past  the  exit  slit,  E.  In  this 
lanner  the  ion  beams  are  allowed  to  impinge  successively  on  the 
arget,  T.  The  current  imparted  to  the  target  is  amplified  and 
ad  into  a  galvanometer  which  deflects  through  an  angle  propor- 
ional  to  the  abundance  of  the  ions  in  each  beam. 

The  galvanometer  deflections  are  recorded  by  passing  a  sensi- 
ized  photographic  paper  at  a  uniform  rate  past  the  galvanometer 
ght  beam.  The  resulting  record  is  called  a  mass  spectrum. 

From  the  mass  spectrum  of  a  mixture  and  a  knowledge  of  the 
lass  spectra  of  its  components,  the  composition  of  the  mixture 
an  be  determined.  In  order  to  explain  the  method  of  analysis 
;  is  necessary  first  to  discuss  the  process  of  ionization. 


positive  ions  formed  by  the  loss  of  an  electron  only,  mass  99 
corresponding  to  the  loss  of  a  methyl  group  plus  an  electron, 
mass  71  corresponding  to  the  loss  of  a  propyl  group  plus  an  elec¬ 
tron,  mass  57  corresponding  to  the  loss  of  a  butyl  group  plus  an 
electron,  and  mass  43  corresponding  to  the  loss  of  an  amyl  group 
plus  an  electron.  The  relative  abundances  of  the  ions  are  repre¬ 
sented  in  the  body  of  the  table  by  numbers  which  are  proportional 
to  the  abundance  of  the  respective  ions. 

The  most  outstanding  feature  indicated  by  the  relative  abun¬ 
dances  shown  in  Table  I  is  that  the  most  probable  products  of 
ionization  are  formed  by  the  molecule  breakihg  into  two  equal  or 
nearly  equal  parts.  This  is  illustrated  by  the  relatively  large 
size  of  the  abundances  at  mass  57  of  2,2,3-  and  2,2,4-trimethyl- 
pentane.  In  the  case  of  2,3,4-trimethylpentane  the  molecule 
cannot  break  into  two  equal  parts  without  first  going  through  an 
isomerization.  The  largest  abundances  in  this  case,  therefore. 


Table  I.  Products  of  Ionization  of  C«  Paraffins 


IONIZATION  BY  ELECTRON  IMPACT 

The  mechanism  of  ionization  by  electron  impact  of  hydro- 
arbons  has  been  definitely  established  only  in  a  few  very  simple 
ases  {1,  2,  3).  It  is,  therefore,  possible  to  make  only  a  very 
eneral  statement  regarding  the  mechanism  of  ionization.  Ioni- 
ation  occurs  when  the  path  of  an  electron  comes  sufficiently  close 
d  a  neutral  molecule  so  that  the  interaction  of  their  fields  causes 
he  neutral  molecule  to  absorb  some  energy  from  the  ionizing 
lectron.  As  a  result  of  absorbing  this  energy,  the  molecule  loses 
n  electron,  or  it  loses  an 
lectron  and  in  addition 
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reaks  up  into  fragments.  In 
eneral,  then,  there  are  ob- 
ained  upon  ionization  a  posi- 
ive  ion,  a  neutral  fragment 
r  fragments,  and  an  electron. 

The  relative  abundance  of 
ms  of  different  masses 
jrmed  by  the  electron 
ombardment  of  any  particu- 
ir  substance  depends  upon 
he  relative  probability  of  the 
ifferent  ionization  processes, 
i  qualitative  idea  of  a  few  of 
he  factors  controlling  the 
elative  abundance  of  ions 
lay  be  gained  from  a  study 
f  the  mass  spectra  of  the  C5, 
!»,  C7,  and  C,  paraffins. 

Three  C,  paraffins  of 
imilar  structure — namely, 
,2,3-trimethylpentane, 
,2,4-trimethylpentane,  and 
,3,4-trimethylpentane — 
rere  chosen  to  demonstrate 
hese  factors  and  are  shown 
1  Table  I. 

For  simpli*ity,  the  hydro- 
ens  have  been  omitted  from 
he  structural  formulas  shown 
t  the  head  of  each  column, 
n  these  structures  the 
sterisk  indicates  the  bond 
rhieh  is  broken  in  the  most 
robable  process  of  ionization, 
'he  plus  sign  indicates  the 
ext  most  probable  process, 
'he  mass  numbers  for  which 
m  abundances  are  shown  are 
14,  which  corresponds  to  the 
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Figure  1.  Diagram  of  Mass  Spectrometer  and  Associated  Apparatus 
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Figure  2.  Superposition  of  Mass  Spectra 


time  of  ionization  in  2,2,4-  and  2,3,4- 
trimethylpentane.  As  might  be  ex¬ 
pected  from  this  discussion,  the 
abundance  of  the  ions  of  mass  8S 
is  relatively  large  for  the  2,2,3-tri- 
methylpentane  as  compared  to  the 
2,2,4-  and  2,3,4-trimethylpentane. 

A  comparison  of  the  structures  oi 
2,2,3-  and  2,2,4-trimethylpentane  sug¬ 
gests  that  the  ions  formed  by  the  loss 
of  a  propyl  group  plus  an  electror 
should  be  more  abundant  for  the  2,2,4- 
trimethylpentane,  since  the  2,2,3-tri- 
methylpentane  requires  an  isomeriza¬ 
tion  at  the  time  of  ionization  for  this 
to  take  place. 

However,  the  data  indicate  thal 
this  is  not  the  case.  A  possible  ex¬ 
planation  is  that  the  tendency  for 
the  molecule  to  break  into  two  equal 
parts  is  so  great  that  the  formatior 
of  an  ion  by  the  loss  of  a  propyl 
group  from  2,2,4-trimethylpentane  be¬ 
comes  less  probable. 

One  of  the  important  conclusions 
that  may  be  drawn  from  the  above  dis¬ 
cussion  is  that  even  though  the  struc¬ 
tures  of  two  molecules  are  similar,  then 
spectra  may  be  different.  Furthermore 
even  though  the  exact  mechanism  oi 
ionization  is  little  understood,  it  is  ar 
experimentally  established  fact  that  thf 
mass  spectra  obtained  under  constanl 
conditions  of  ionization  are  functions 
of  the  structure  of  the  molecule.  A 
particular  substance  is  therefore  iden¬ 
tified  with  a  particular  mass  spectrum. 
As  will  now  be  shown,  the  one-to-one 
correspondence  between  a  substance 
and  its  mass  spectrum  permits  the  de¬ 
termination  of  the  quantity  of  that  sub¬ 
stance  in  a  mixture  from  the  mass 
spectrum  of  the  mixture  and  a  knowl¬ 
edge  of  the  mass  spectra  of  the  com¬ 
ponents  of  that  mixture. 


occur  at  masses  71  and  43.  The  abundance  indicated  at  mass  57 
in  this  case,  however,  is  far  from  zero,  indicating  that  in  a  fair 
percentage  of  the  ionizations  an  isomerization  takes  place  at  the 
instant  of  ionization. 

A  study  of  the  mass  spectra  of  the  Cs,  C6,  C7,  and  Cg  paraffins 
shows  that  the  formation  of  an  ion  by  the  loss  of  an  electron  only, 
becomes  less  and  less  probable  the  more  highly  branched  the 
paraffin.  Particularly,  in  case  the  molecule  contains  a  quater¬ 
nary  bonded  carbon  atom,  the  number  of  ions  formed  in  this  man¬ 
ner  is  extremely  small. 

It  has  been  further  observed  that  in  case  the  molecule  con¬ 
tains  a  quaternary  bonded  carbon  atom,  the  ions  formed  by  the 
loss  of  a  methyl  group  plus  an  electron  become  relatively 
abundant.  For  example,  the  abundance  of  ions  of  mass  99 
for  2,2,3-  and  2,2,4-trimethylpentane  is  large  as  compared  with 
this  abundance  for  the  2,3,4-trimethylpentane.  This  indicates 
that  the  majority  of  the  ions  formed  at  mass  99  result  from  the  sev¬ 
ering  of  one  of  the  bonds  between  a  methyl  group  and  the  quater¬ 
nary  bonded  carbon  atom. 

Further  inspection  of  the  structures  of  the  paraffin  molecules 
illustrated  shows  that  the  formation  of  a  positive  ion  by  the  loss 
of  an  ethyl  group  plus  an  electron  can  take  place  directly  in 
2,2,3-trimethylpentane,  but  requires  an  isomerization  at  the 


SYNTHESIS  AND  ANALYSIS  OF  MIXTURE  MASS  SPECTRA 

The  method  in  which  the  mass  spectra  of  the  separate  com¬ 
ponents  of  the  mixture  superimpose  to  form  the  mass  spectrum  oi 
the  mixture  is  illustrated  in  Figure  2.  The  spectra  for  the  mix¬ 
ture  components  are  obtained  by  introducing  a  standard  pressure 
of  each  of  these  pure  substances  separately  into  the  mass  spectrom¬ 
eter.  The  abscissas  on  these  mass  spectra  at  which  peaks  occui 
represent  the  masses  of  the  ions,  and  the  ordinates  or  peal 
heights  represent  the  abundances  of  the  ions.  From  these  spectn 
of  the  pure  components,  the  mass  spectrum  which  would  be  ob¬ 
tained  upon  running  a  given  mixture  can  be  predetermined  oi 
synthesized  in  the  manner  described  below. 

The  mixture  chosen  for  illustration  corresponds  to  a  sample  oi 
depropanizer  bottoms  and  contains  Cj  through  Cg  paraffins  anc 
olefins.  The  mixture  contains  4%  n-pentane,  and  so  the  con¬ 
tribution  of  n-pentane  to  each  peak  in  the  mixture  spectrum  if 
4%  of  the  corresponding  peak  in  the  n-pentane  spectrum.  Thes< 
contributions  are  indicated  in  the  mixture  spectrum  by  thf 
dotted  portion  of  each  mixture  peak.  Similarly,  since  thf 
mixture  under  consideration  contains  4%  isopentane,  4%  of  eact 
peak  in  the  isopentane  spectrum  will  be  the  contribution  of  thf 
isopentane  to  the  mixture  spectrum.  These  contributions  arf 
shown  by  the  vertically  striped  portions  of  the  mixture  peaks 
In  a  similar  manner,  the  contributions  of  10%  pentenes,  20% 
n-butane,  20%  isobutane,  40%  butenes,  1%  propane,  and  1 % 
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ropene  are  indicated  by  cross-hatching  of  different  types  corre- 
ponding  to  the  cross  hatching  of  the  respective  pure  component 
pectra.  To  sum  up,  the  mixture  spectrum  is  the  linear  super- 
osition  of  the  spectra  of  the  pure  components. 

The  analysis  of  a  mixture,  from  the  mixture  mass  spectrum 
nd  a  knowledge  of  the  mass  spectra  of  the  pure  components  in 
he  mixture,  consists  of  the  unraveling  of  the  mixture  mass  spec- 
rum  into  its  component  parts  or  the  reverse  of  the  synthesis 
escribed  above.  The  data  are  therefore  the  same  as  shown  in 
'igure  2  with  the  exception  that  the  peaks  in  the  mixture  spec- 
rum  would  not  be  subdivided. 

Since  the  above  superposition  is  linear,  the  analysis  for  the 
aparate  components  in  the  mixture  can  always  be  obtained  by 
lerely  solving  a  set  of  simultaneous  linear  equations,  the  num- 
er  of  equations  being  equal  to  the  number  of  components  in  the 
fixture.  The  data  required  to  set  up  the  simultaneous  equations 
jr  an  analysis  of  an  iV-component  mixture  are  the  heights  of  N 
lixture  peaks  and  the  heights  of  the  peaks  at  these  same  masses 
i  the  calibration  spectra.  The  details  of  setting  up  these  simul- 
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Figure  3.  Depropanizer  Overhead 


taneous  equations  are  given  in  a  previous  publication  (4).  It  is, 
however,  in  practice  seldom  necessary  to  solve  a  large  number  of 
simultaneous  equations,  since  in  many  practical  cases  the  charac¬ 
teristics  of  the  mass  spectra  are  such  that  short-cut  methods  can 
be  employed.  For  example,  if  the  portions  of  the  peaks  due  to 
heavy  isotopes  are  segregated  the  analysis  procedure  is  simplified. 

In  the  mixture  spectrum  shown  in  Figure  2,  the  portion  of 
each  peak  due  to  heavy  isotope  is  indicated  by  solid  black.  For 
example,  the  black  portion  of  the  44  peak  is  due  not  to  ions  of 
composition  C3H8  but  to  CjH7  where  one  of  the  carbons  is  of  mass 
13  instead  of  mass  12,  or  one  of  the  hydrogens  is  a  deuterium. 
An  inspection  of  the  43  peak  shows  that  the  major  part  of  this 
heavy  isotope  contribution  to  the  44  peak  is  due  to  n-pentane, 
isopentane,  n-butane,  and  isobutane.  Fortunately,  in  nature  the 
ratio  of  the  heavy  to  light  isotopes  is  substantially  constant. 
The  portion  of  the  peak  due  to  the  heavy  isotope  can  therefore 
be  determined  with  sufficient  accuracy  by  multiplying  the  peaks 
at  the  two  adjacent  lighter  masses  by  constants  which  are  deter¬ 
mined  from  the  ratio  of  heavy  to  light  isotopes  observed  in  nature. 
In  this  case,  the  correction  is  approximately  3%  of  the  43  peak 
minus  0.09%  of  the  42  peak.  It  is  important  to  observe  that 
the  parent  peak  of  propane  at  mass  44  and  the  parent  peak  of 
the  butanes  at  mass  58  are  not  contributed  to  by  the  heavier 
hydrocarbons  except  for  heavy  isotope.  This  fact  greatly 
simplifies  the  analysis  of  the  mixture  spectrum.  The  nature  of 
this  simplification  and  the  time  that  is  required  to  make  the 
analysis  are  best  illustrated  by  taking  a  few  specific  examples. 

Analysis  of  Depropanizer  Bottoms.  The  first  example 
chosen  is  that  of  the  depropanizer  bottoms  for  which  the  syn¬ 
thesis  shown  in  Figure  2  was  described. 

If  the  analysis  is  to  be  made  for  purposes  of  control  it  is  neces¬ 
sary  only  to  determine  the  amount  of  propane  in  the  mixture. 
Figure  2  shows  that  this  is  an  extremely  simple  determination, 
since  the  only  component  contributing  to  peak  44  other  than 
heavy  isotope  is  propane.  To  determine  propane,  the  heavy 
isotope  contribution  is  subtracted  from  peak  44  and  the  remainder 
of  the  peak  multiplied  by  a  sensitivity  coefficient  which  is  ob¬ 
tained  from  the  propane  calibration.  The  calculations  for  control 
purposes,  therefore,  require  less  than  5  minutes’  time. 

If  all  components  of  the  mixture  are  to  be  computed,  the 
procedure  is  first  to  compute  the  amount  of  propane  in  the  manner 
just  described.  The  second  step  is  to  compute  the  amounts  of  n- 
and  isopentane  and  n-  and  isobutane.  The  analysis  for  these  four 
components  separately  is  possible  since  four  or  more  peaks  exist — 
namely,  72,  71,  58,  57,  and  43 — to  which  other  components  make 
only  small  determinable  contributions.  These  contributions — 
heavy  isotope  to  43,  57,  and  71  and  propane  to  43 — are  sub¬ 
tracted  from  the  peaks.  The  amounts  of  n-  and 
isopentane  and  n-  and  isobutane  are  then  deter¬ 
mined  by  solving  four  simultaneous  equations  in¬ 
volving  four  of  these  corrected  peaks. 

The  third  step  is  to  determine  the  amounts  of 
pentenes  and  butenes.  If  only  total  pentenes  and 
total  butenes  are  desired,  the  computation  is 
greatly  simplified.  To  determine  the  total  pen¬ 
tenes,  it  is  only  necessary  to  multiply  the  70  peak 
by  the  proper  sensitivity  coefficient,  since  the  pen¬ 
tenes  are  the  only  components  contributing  to  the 
70  peak.  To  determine  the  total  butenes,  it  is 
only  necessary  to  subtract  the  small  contributions 
of  the  paraffins  from  the  56  peak  and  multiply 
the  remainder  of  the  peak  by  the  proper  sensitivity 
coefficient. 


Figure  4.  Automatic  Record 

Four  salvanonaters  record  peaks  simultaneously  at  four  sensitivity  els  to  ensure 
accurate  measurement  over  a  large  range  of  magnitudes. 


In  practice,  these  computations  require  about 
30  minutes.  If  it  is  desired  to  determine  the 
separate  butenes,  the  computations  are  a  little 
longer  but  no  more  complex  and  the  computation 
time  required  is  approximately  one  hour.  Thus, 
the  amount  of  time  required  for  computing  de¬ 
pends  mainly  upon  the  amount  of  information 
that  is  desired,  and  for  control  purposes  the  amount 
of  time  required  is  extremely  short,  less  than  5 
minutes.  If  time  for  introducing  sample,  running 
it,  and  pumping  it  out  is  added,  the  total  time  of 
obtaining  results  for  control  is  about  25  minutes. 

Analysis  of  Depropanizer  Overhead.  The 
second  example  shown  is  that  of  the  depropanizer 
overhead  (see  Figure  3) . 
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Table  II.  Errors  in  Mass  Spectrometer  Analyses 


(Average  errors  obtained  from  repeat  runs  on  a  Ci— C<  paraffin-olefin  mixture 
are  shown  together  with  an  error  range  which  includes  90%  of  the  cases.) 


Compo¬ 

No.  of 

Average 

90% 

sition, 

Determi¬ 

Error, 

of  Errors 

Components 

Mole  % 

nations 

Mole  % 

Less  Than 

Methane 

15 

Ethane 

20 

Propane 

20 

215 

0.2 

0.4 

Isobutane 

10 

n-Butane 

8 

Propylene 

10 

43 

0.2 

0.5 

Isobutene 

7 

43 

0.4 

0.7 

Butene- 1 
Butene-2 

5 

5 

86 

0.7 

1.4 

Total  butenes 

17 

43 

0.4 

0.8 

If  the  analysis  is  for  control  purposes,  it  is  only  necessary  to 
determine  the  amounts  of  isobutane  and  the  total  butenes.  The 
computation  here  is  simpler  than  in  the  previous  case.  The 
amount  of  isobutane  can  be  determined  by  multiplying  the 
58  peak  by  a  sensitivity  coefficient  and  the  amount  of  butenes 
can  be  determined  by  multiplying  the  56  peak  by  a  sensitivity 
coefficient.  To  make  a  complete  analysis,  the  amount  of  propane 
can  be  determined  by  multiplying  the  44  peak  by  a  sensitivity 
coefficient,  and  the  amount  of  propene  can  be  determined  by 
multiplying  the  42  peak  by  a  sensitivity  coefficient  after  sub¬ 
tracting  the  small  contributions  of  the  propane  and  isobutane. 

Figure  4  shows  the  automatic  record  of  the  mass  spectrum  of 
a  depropanizer  overhead.  The  recording  of  this  complete  record 
requires  about  3  minutes.  The  height  of  the  58  peak  in  this 
recording  is  approximately  0.9  division.  The  sensitivity  for 
isobutane  is  2.5,  and  0.9  times  2.5  yields  2.3%  isobutane.  The 
56  peak  is  approximately  1.4  divisions  high  and  the  sensitivity 
of  0.2  gives  0.28  or  approximately  0.3%  butenes  in  the  mixture. 
The  amount  of  ethane  and  propane  can  be  determined  from  the 
30  and  44  peaks  after  they  are  corrected  for  heavy  isotope,  and 
the  amount  of  propene  can  be  determined  from  the  42  peak 
after  subtracting  the  contribution  of  the  isobutane  and  propane. 
The  total  time  from  receiving  the  sample  to  obtaining  the  results 
in  this  case  is  30  minutes  for  the  control  analysis  and  40  minutes 
for  the  complete  analysis. 

Analysis  of  Debutanizer  Overhead.  The  third  example, 
shown  in  Figure  5,  is  the  debutanizer  overhead. 

Control  analysis  in  this  case  is  very  similar  to  that  of  a  de¬ 
propanizer  overhead,  the  amount  of  isopentane  being  determined 
from  the  72  peak  and  the  amount  of  pentenes  from  the  70  peak. 
If  a  complete  analysis  is  desired,  the  amount  of  n-  and  isobutane 
can  be  determined  by  solving  two  simultaneous  equations  in¬ 
volving  the  43  and  58  peaks.  The  total  butenes  can  be  deter¬ 
mined  by  multiplying  the  56  peak  by  a  sensitivity  coefficient 
after  subtracting  the  small  contributions  of  the  paraffins.  The 
analysis  time  for  the  debutanizer  is  also  extremely  short. 

The  foregoing  examples  illustrate  why  the  mass  spectrometer 
is  particularly  well  adapted  to  analyzing  refinery  plant  samples, 
and  why  it  is  capable  of  giving  exceedingly  rapid  results  when  con¬ 
trol  analyses  are  desired. 


the  analyses  made  on  each  instrument  on  this  particular  synthetic 
mixture.  In  the  one  case  excepted,  the  synthetic  mixture  wa 
found  to  be  in  error  as  a  result  of  an  air  leak  which  occurret 
during  the  process  of  synthesizing  the  mixture.  The  results  o 
these  analyses  are  shown  in  Table  II.  The  first  column  show 
the  components  of  the  mixture.  The  second  column  shows  th 
approximate  composition  of  the  mixture.  The  fourth  columi 
shows  the  average  error  in  mole  per  cent.  In  order  to  give  ai 
idea  of  the  spread  of  the  errors,  a  fifth  column  shows  an  outsid 
error  within  which  90%  of  the  results  were  included. 

One  important  result  of  the  compilation  of  these  errors  is  tha 
from  them  it  has  been  possible  to  obtain  some  empirical  coeflB 
cients  which  permit  the  prediction  of  accuracy  on  mixtures  whic! 
have  not  as  yet  been  run,  but  for  which  the  mass  spectra  of  th 
various  components  have  been  determined. 


TYPES  OF  MIXTURES  AND  THEIR  ANALYSIS  BY  MASS  SPECTROMETEI 


A  good  deal  of  work  has  been  done  in  analyzing  syntheti 
samples  of  different  types  with  the  mass  spectrometer.  Th 
field  is,  however,  broad  and  the  method  relatively  new,  so  tha 
it  is  difficult  at  this  time  to  generalize  to  any  extent  on  the  type 
of  mixtures  best  suited  to  analysis  by  this  new  method.  In  th 
following  discussion,  general  statements  have  been  made  whereve 
possible,  but  for  the  most  part  it  has  been  necessary  to  discus 
specific  examples. 

The  determination  of  small  amounts  of  a  particular  substanc 
(impurity)  in  a  relatively  pure  sample  or  in  a  mixture  is  in  man 
cases  accomplished  with  more  accuracy  by  the  mass  spectron 
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ACCURACY  OF  MASS  SPECTROMETER 
METHOD  OF  ANALYSIS 


Figure  5.  Debutanizer  Overhead 


In  order  to  determine  accurately 
the  errors  which  may  be  expected 
in  a  particular  analysis,  it  is  neces¬ 
sary  to  run  a  large  number  of  syn¬ 
thetic  samples.  Fortunately,  we 
have  available  43  analyses  made  on 
one  particular  synthetic  mixture, 
the  acceptance  test  mixture  for  the 
Consolidated  mass  spectrometer. 
The  errors  observed  are  a  fair  rep¬ 
resentation  of  the  errors  normally 
encountered  in  the  analysis  of  this 
type  of  mixture. 

The  analyses  were  made  on  nine 
different  mass  spectrometers;  in  all 
cases  except  one,  they  include  all 


Table  III.  Paraffin-Olefin  Mixtures  Containing  Substantial  Amounts  of  Cs’s 

(These  mixtures  illustrate  the  analysis  of  light  hydrocarbon  mixtures,  containing  a  large  number  of  components 


Ci-C, 

CrCi 

Ct-Ce 

Mass 

Mass 

Mass 

Syn-  Spectrom- 

Syn- 

Spectrom- 

Syn- 

Spectrom- 

thetic  eter  Difference 

thetic 

eter 

Difference 

thetic 

eter 

Difference 

Mole  %  Mole  %  Mole  % 

Mole  % 

Mole  % 

Mole  % 

Mole  % 

Mole  % 

Mole  % 

Hs 

3.0 

3.2 

+  0.2 

...  ■ 

Methane 

10.8 

10.3 

—  0.5 

Ethylene 

6.0 

5.9 

-0.1 

...  1 

Ethane 

6.0 

5.8 

-0.2 

Propene 

11.1 

11.1 

0.0 

12.5 

13.1 

+  0.6 

13.2 

13.4 

+  0.2 

Propane 

19.2 

19.5 

+  0  3 

24.8 

24.9 

+  0.1 

25.9 

26.4 

+  0.5 

Isobutane 

20.1 

20.0 

-0.1 

25.0 

25.0 

0.0 

25.6 

25.6 

0.0 

Isobutene 

2.8 

1.6 

-1.2 

3.8 

3.8 

-0.2 

4.1 

3.0 

-1.1 

n-Butene 

2.9 

4.1 

+  1.2 

5.4 

5.3 

-0.1 

5.4 

6.5 

+  1.1 

(Butene-1) 

(15) 

(2.4) 

(+0.9) 

(3  0) 

(2.6) 

(-0.4) 

(3.2) 

(3.3) 

(+0.1) 

(Butene-2) 

(14) 

(1.7) 

(  +  0.3) 

(2.4) 

(2.7) 

(  +  0.3) 

(2.2) 

(3.2) 

(+1.0) 

n-Butane 

5.0 

5.2 

+  0.2 

7.5 

7.7 

+  0.2 

7.6 

7.8 

+  0.2 

Isopentane 

10.1 

10.2 

+  0.1 

6.4 

6.4 

0.0 

6.7 

6.5 

-0.2 

Pentenes 

3.0 

3.1 

+  0.1 

8.2 

7.5 

-0.7 

4.9 

4.6 

-0  3 

n-Pentane 

. . 

6.4 

6.5 

+  0.1 

6.6 

6.2 

-0.4 
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Table  IV.  Probable  Accuracies  in  Determines  Styrene  and 
Butadiene  in  a  Complex  Mixture 


1 

To  Be 

Probable  Mole  %  Accuracy 
Mixture  1  Mixture  2 

(70-80%  (55-85% 

Components 

Determined 

sytrene) 

butadiene) 

:-Butane 

sobutane 

-Pentane 

sopentane 

±6’3 

±0^4 

Total  butenes 

X 

Total  pentenes 

X 

±0.3 

±0.4 

*utadiene-l,3 

X 

±0.3 

±1 

Total  Ci  diolefins 

±o!i 

Ityrene 

X 

^  1 

Dthylbenzene 

X 

/inylcyclohexene  x 

*  Information  not  available  at  present. 

Table  V.  Paraffins  and  Naphthenes,  C7  Cut 


B.P. 

Material 

Compo¬ 

sition 

Approxi¬ 

mate 

Average 

Error 

°  C. 

80.8 

Cyclohexane 

Mole  % 

0 

Mole  % 

87.5 

1,1-Dimethylcyclopentane 

5 

1.6 

90.1 

2-Methylhexane 

4 

0.4 

90.8 

(rons-l, 3-Dimethylcyclopentane 

91.9 

tran$-l,2-Dimethylcyclopentane 

30 

i.5 

99.25 

cis-l  ,2-Di  metbylcy  clopentane 

92.0 

3-Methylhexane 

7 

3.6 

93.5 

3-Ethylpentane 

7 

1.2 

98.4 

n-Heptane 

15 

0.9 

99.2 

2,2,4-Trimethylpentane 

7 

0.5 

100.9 

Methvlcyclohexane 

15 

1.0 

103.2 

Ethylcy  clopentane 

10 

0.5 

106.0 

2,2-Dimethylhexane 

0 

109.3 

2,5-Dimethylhexane 

0 

jter  method  than  is  possible  with  other  methods — for  example, 
the  determination  of  small  amounts  of  diethylbenzene  in  ethyl- 
oenzene,  pentenes  in  isoprene,  peDtenes  or  butenes  in  butadiene. 
In  such  cases  the  minimum  amount  of  impurity  that  can  be  de- 
!termined  is  approximately  0.01%  for  automatic  recording.  If 
manual  recording  is  employed  this  can  be  reduced  to  less  than 
3.001%.  Another  case  of  particular  interest  to  petroleum  re¬ 
finers  is  the  determination  of  small  amounts  of  pentenes  and 
pentanes  in  a  C4  cut.  In  this  case  quantities  of  pentenes  as  small 
as  0.02%  and  of  pentanes  as  small  as  0.2%  can  be  determined. 
For  manual  recording  these  values  are  less  than  0.001  and  0.005%, 
respectively. 

In  general,  where  the  impurity  is  of  higher  mass 
than  the  other  components  of  a  mixture,  a  very 
small  amount  of  this  impurity  can  be  detected  and 
measured.  Frequently  even  though  the  impurity 
is  not  of  heavier  mass  than  other  components  of 
the  mixture,  some  of  its  main  peaks  will  occur  at 
mass  numbers  to  which  the  other  components  of 
the  mixture  do  not  contribute  to  an  appreciable 
extent,  if  at  all — for  example,  as  small  an  amount 
as  0.2%  of  propane  in  a  C<  mixture  can  be  detected. 

The  analysis  of  a  mixture  containing  a  large 
number  of  components  is  illustrated  by  the  analy¬ 
ses  shown  in  Table  III. 


The  first  mixture,  containing  hydrogen  and  Ci 
through  C 5  paraffins  and  olefins,  was  prepared 
by  mixing  together  very  carefully  metered  volumes 
of  known  and  relatively  pure  hydrocarbons.  The 
first  column  shows  the  mole  per  cent  of  each  con¬ 
stituent  in  the  mixture  as  determined  during  its 
synthesis.  The  second  column  shows  the  results 
obtained  by  the  mass  spectrometer  analysis  of  the 
mixture.  The  third  column  shows  the  differences 
between  the  synthesis  and  the  mass  spectrom¬ 
eter  determinations.  These  differences  com¬ 
pare  very  favorably  with  the  errors  shown  in 
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Table  II  for  Ci  through  C4  analyses.  A  great  deal  cannot 
be  said  regarding  the  accuracy  of  analyzing  a  particular  type 
of  mixture  from  one  analysis;  therefore,  the  method  of  pre¬ 
dicting  the  accuracy  which  was  previously  mentioned  was  ap¬ 
plied  to  this  particular  mixture,  and  the  above  comparison 
substantiated. 

The  predicted  accuracies  show  that  the  average  error  in  deter¬ 
mining  the  paraffins  in  the  Ci  through  C5  mixture  is  approxi¬ 
mately  the  same  as  the  errors  in  determining  the  paraffins  in  the 
Ci  through  C<  mixture,  and  that  the  average  error  of  determining 
the  separate  olefins  is  roughly  50%  larger  than  the  errors  of 
determining  the  respective  olefins  in  the  Ci  through  C<  mixture. 
It  is  found  that  the  lumped  C6  olefins  in  the  Cj  through  C6  mixture 
are  determined  with  an  average  error  approximately  50%  greater 
than  the  lumped  C4  olefins  in  the  Ci  through  C4  mixture.  An 
additional  prediction  is  that  if  n-pentane  had  been  included  in  the 
Ci  through  C6  synthetic  mixture  illustrated,  the  accuracy  of 
determination  of  the  other  components  in  the  mixture  would  have 
been  unaffected. 

On  pilot-plant  samples  small  amounts  (up  to  0.3%)  of  Ce  can 
be  tolerated  in  a  Cj  through  Cs  sample,  provided  proper  correc¬ 
tions  are  made  for  their  presence.  Since  the  accuracy  of  the  cor¬ 
rections  depends  upon  the  constancy  of  the  composition  of  the 
Ce  portion,  more  than  0.3%  Ce  is  permissible  when  the  samples 
are  taken  from  full-scale  refinery  units.  Satisfactory  results 
have  been  obtained  on  samples  containing  up  to  3%  Ce. 

The  time  of  analysis  is,  of  course,  highly  important.  It  has 
been  found  in  practice  that  mixtures  of  this  type  require  a  total 
of  about  2.8  man-hours  per  sample,  including  the  time  of  running 
the  sample,  a  pro-rated  time  for  calibration,  the  time  of  comput¬ 
ing  the  sample,  and  a  pro-rated  time  for  maintenance  on  the  in¬ 
strument.  The  time  required  to  obtain  the  data — that  is,  the 
instrument  time — is  only  25  minutes. 

Many  times  it  is  possible  to  make  analyses  for  particular 
components  in  a  mixture  which  contains  so  many  components 
that  complete  analysis  is  impractical.  An  example  of  such  an 
analysis  is  shown  in  Table  IV.  This  mixture  contains  butadiene- 
1,3,  C4  paraffins  and  olefins,  C6  paraffins,  olefins,  and  diolefins,  and 
in  addition,  styrene,  ethylbenzene,  and  butadiene  dimer.  This 
is  an  extremely  complex  mixture,  but  it  so  happens  that  the  con¬ 
stituents  of  most  interest  can  readily  be  determined.  The  ac¬ 
curacies  with  which  they  may  be  determined  by  the  mass  spectrom¬ 
eter  method  are  shown  in  columns  2,  3,  and  4.  Such  an  analy¬ 
sis  requires  approximately  25  minutes’  instrument  time  and 
about  1.5  hours’  computing  time.  To  these  times  should  be  added 
approximately  1.5  hours  for  sample  preparation,  which  is  neces¬ 
sary  for  gas-liquid  samples  which  are  not  analyzed  for  all  com¬ 
ponents. 
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Figure  6.  Spectra  of  Oxygenated  Compounds 
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A  mixture  containing  a  large  number  of  compounds  of  ap¬ 
proximately  the  same  mass  is  illustrated  in  Table  V.  This  mix¬ 
ture  contains  all  the  C7  naphthenes  and  the  paraffins  faffing 
within  the  same  boiling  range.  The  column  labeled  “Approxi¬ 
mate  Average  Error”  shows  the  predicted  accuracy  for  the 
analysis  of  a  mixture  of  about  the  composition  shown  in  the 
adjacent  column. 

To  obtain  more  accuracy,  it  may  be  desirable  in  this  particular 
mixture  to  divide  the  sample  in  two  parts  by  fractionation.  The 
cut  would  be  made  between  3-ethylpentane  and  w-heptane  which 
have  a  4.9°  difference  in  boiling  points.  This  method  of  handling 
would  have  the  added  advantage  that  some  of  the  paraffins 
boiling  in  the  range  of  103.2°  to  110°  C.  could  be  included  in  the 
heavy  cut.  In  addition  the  cis-  and  trans- 1,2-  and  the  trans- 
1,3-dimethylcyclopentanes  can  very  probably  be  individually 
determined. 

The  mixture  does  not  contain  ci.s- 1,3-dime thylcyclopentane. 
Whether  or  not  it  will  be  necessary  to  lump  the  cis- 1,3-dimethyl- 
cyclopentane  with  one  of  the  other  dimethyleyclopentanes  or 
whether  it  will  interfere  with  the  separation  between  1,2-  and 
1,3-dime thylcyclopentanes  cannot  be  determined  until  a  sample 
can  be  obtained  in  a  pure  state  for  calibration  purposes. 


Table  VI.  Estimated  Accuracy  of  Mass  Spectrometer  Analysis  of 
a  Sample  Having  a  Composition  Similar  to  Aviation  Alkylate 


Material 

Composition 

Approximate 

Average 

Error 

Mole  % 

Mole  % 

2,2,4-Trimethylpentane 

56 

±1.7 

2,3,3-Trimethylpentane 

14 

±1.1 

2,3,4-Trimethylpentane 

14 

±0.7 

2,4-Dimethylhexane 

6 

±0.8 

2,5-Dimethylhexane 

6 

±0.5 

2,2,3-Trimethylpentane 

4 

±1.6 

A  second  mixture  containing  several  isomers  is  illustrated  in 
Table  VI.  The  mixture  shown  approximates  the  composition 
of  the  output  from  an  alkylation  unit  except  that  it  does  not 
include  any  2-methyl-3-ethylpentane,  nor  does  it  contain  any 
C7  or  C9  paraffins.  This  mixture,  in  common  with  those  shown 
in  Tables  IV  and  V,  was  not  run  on  the  mass  spectrometer  but 
the  separate  components  were.  The  accuracy  of  analyzing  such 
mixtures  with  the  mass  spectrometer  was  estimated  from  the  mass 
spectra  of  the  pure  constituents  and  the  empirical  error  con¬ 
stants  obtained  from  runs  of  synthetic  Ci  through  C4  and  C4 
through  Co  mixtures. 

If  an  analysis  is  to  be  made  of  an  alkylate,  the  alkylate  should 
go  through  a  preliminary  fractionation  to  remove  the  C7  or  C9 
components  at  least  to  the  extent  where  there  are  only  about  10 
components  remaining  in  the  mixture.  The  only  disadvantage 
in  having  in  the  mixture' 10  components  instead  of  the  6  shown 
is  that  the  computation  time  will  be  longer  and  the  analysis  will 
be  less  accurate. 

In  spite  of  these  qualifications,  the  data  are  of  extreme  in¬ 
terest,  since  they  show  that  very  probably  the  mass  spectrom¬ 
eter  method  of  analysis  will  make  practical  the  routine  deter¬ 
mination  of  the  composition  of  an  alkylate. 

APPLICATION  OF  MASS  SPECTROMETER  METHOD  OF  ANALYSIS  TO 
OXYGENATED  COMPOUNDS 

One  of  the  main  differences  in  analyzing  oxygenated  com¬ 
pounds  as  compared  to  hydrocarbons  is  that  the  oxygenated  com¬ 
pounds  have  a  tendency  to  stick  to  surfaces.  A  low-pressure 
gas-handling  system  such  as  the  system  which  is  an  integral  part 
•of  a  mass  spectrometer  must  be  properly  designed,  so  that  this 
tendency  to  stick  will  not  appreciably  interfere  with  the  quan¬ 
titative  handling  of  the  gas.  In  order  to  determine  the  applica¬ 
bility  of  the  Consolidated  mass  spectrometer  to  handling  such 
mixtures,  the  tendency  to  stick  to  surfaces  was  tested  by  taking 
pump-out  curves  on  some  fourteen  oxygenated  compounds. 

Table  VII  shows  the  results  of  the  pump-out  tests.  On  the 
left  are  listed  the  various  substances  tested.  The  figures  in  the 
body  of  the  table  show  the  per  cent  of  each  material  still  register¬ 
ing  its  mass  spectrum  after  1  minute  and  5  minutes  of  pumping, 


Table  VII.  Oxygenated  Compounds 

Percentage  of  Material 
Remaining  after  Pumping 


Material 

1  min. 

5  min. 

n-Butane 

0.08 

0.0 

Formaldehyde 

0.09 

0.03 

Acetaldehyde 

0.16 

0.11 

Propionaldehyde 

0.20 

0.06 

Dimethyl  ether 

0.25 

0.0 

Diethyl  ether 

0.23 

0.04 

Methyl  formate 

0.19 

0.07 

Acetone 

0.28 

0.06 

Ethyl  methyl  ketone 

1.43 

0.52 

Acetic  acid 

2.24 

0.27 

respectively.  All  substances  shown  appear  to  be  satisfactory. 
The  same  tests  were  rim  on  four  alcohols  but  the  results  were  con¬ 
tradictory  within  themselves.  Representative  data  on  alcohols 
therefore  cannot  be  given  at  this  time. 

The  present  status  is  that  the  oxygenated  compounds  shown 
can  be  handled  in  the  standard  manner  on  the  mass  spectrom¬ 
eter.  The  remaining  question  which  must  be  answered  re¬ 
garding  the  oxygenated  compound  is — do  their  mass  spectra 
show  sufficient  resolution  to  permit  accurate  analyses?  Figure 
6  gives  the  mass  spectra  of  four  oxygenated  compounds.  These 
show  definitely  that  there  is  excellent  resolution,  which  in  turn 
will  give  accurate  analyses.  The  mass  spectra  of  the  other  ma¬ 
terials  run  also  show  excellent  resolution. 


Figure  7.  Sample-Introduction  Apparatus 

Sample  bottle  hanging  on  lower  left  of  glassware  contains  a  gas  sample  being 
introduced.  Directly  above  bottle  Is  metal  system  used  for  introducing 
normally  liquid  samples.  Controls  on  panels  below  glassware  operate  vacuum 
gages  and  evacuation  pumps. 
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The  preceding  discussion  demonstrates  that  the  mass  spectrom- 
iter  can  very  probably  be  used  successfully  in  industry  for  the 
malysis  of  mixtures  composed  in  part  or  entirely  of  oxygenated 
compounds.  A  more  definite  statement  in  this  regard  awaits  the 
practical  test  of  continued  operation  on  such  mixtures  over  a  con¬ 
siderable  period  of  time. 

INSTRUMENT  OPERATION 

The  routine  operation  of  the  mass  spectrometer  has  worked 
>ut  in  practice  to  be  a  relatively  simple  procedure.  The  first 
operation  is  the  handling  of  the  sample.  Figure  7  shows  the  gas- 
ntroduction  apparatus.  Samples  are  introduced  into  this  sys¬ 
tem  using  techniques  which  are  commonly  employed  in  gas- 
landling  apparatus  described  in  first  section  of  this  paper. 

The  introduction  procedure  is  completed  by  opening  the  stop- 
■ock  between  the  inlet  sample  bottle  and  the  mass  spectrometer 
fallowing  the  sample  to  start  flowing  through  the  mass  spectrom- 
jter).  After  this  operation  one  minute  is  allowed  for  the 
jas  flow  to  come  to  equilibrium.  During  this  short  period  of 
itime,  the  operator  checks  the  various  voltages  supplying  the 
mass  spectrometer.  In  particular,  he  checks  the  value  of  the 
positive  ion  accelerating  voltage  to  make  certain  that  he  will 
.start  at  the  lowest  mass  which  he  desires  to  record. 

At  the  end  of  this  one-minute  interval  he  pushes  the  mass 
marker  reset  button,  turns  on  the  camera  switch,  and  throws 
the  sweep  switch  to  the  sweep  position.  The  mass  spectrum  is 
then  recorded  automatically  and  the  operator  merely  checks  once 
or  twice  on  the  instruments  during  the  run  and  if  necessary 
corrects  any  slight  variation  that  may  occur.  The  recording  of 
the  records  takes  from  5  to  10  minutes,  depending  upon  the  range 
jof  masses  which  it  is  desired  to  record.  If  the  operator  wishes, 
he  may  keep  a  rough  check  upon  the  progress  of  the  record  by 
jwatching  a  meter  which  is  in  series  with  the  galvanometers. 


As  soon  as  the  recording  is  completed,  the  photographic  paper 
is  removed  from  the  camera  and  taken  to  the  dark  room  with 
the  aid  of  a  light-tight  sleeve.  The  developing,  fixing,  and 
washing  processes  require  less  than  5  minutes,  which  is  approxi¬ 
mately  the  time  required  for  pumping  out  the  sample  so  that  the 
next  sample  can  be  introduced.  The  majority  of  the  water  is 
removed  from  the  record  with  a  sponge  and  the  record  is  then 
ready  for  analysis. 

CONCLUSION 

This  paper  has  dealt  for  the  most  part  with  applications  to 
the  petroleum  refinery.  The  data  presented  show  that  the  mass 
spectrometer  has  proved  to  be  of  definite  value  in  this  field  as  a 
relatively  speedy,  accurate,  analytical  tool.  The  method  de¬ 
scribed  is,  however,  a  general  one  and  is  at  the  present  time 
just  beginning  to  be  applied  to  other  fields  in  the  chemical 
industry.  It  is  the  authors’  aim  to  continue  development  of  the 
method  for  application  in  all  fields  where  it  shows  promise  of 
aiding  in  the  solution  of  important  technical  problems. 

ACKNOWLEDGMENT 

The  authors  wish  to  express  their  thanks  to  the  A.P.I.  Hy¬ 
drocarbon  Group  at  Ohio  State  University  for  their  courtesy  in 
supplying  the  C7  and  Cs  paraffins  which  were  used  in  obtaining  the 
data  presented  in  this  paper. 

LITERATURE  CITED 

(1)  Delfosse,  J.,  and  Bleakney,  W.,  J.  Am.  Chem.  Soc.,  56,  256  (1939) . 

(2)  Stevenson,  D.  P.,  J.  Chem.  Phys.,  10,  291  (1942). 

(3)  Stevenson,  D.  P.,  and  Hippie,  J.  A.,  Jr.,  J.  Am.  Chem.  Soc.,  64. 

1588  (1942). 

(4)  Washburn,  H.  W.,  Wiley,  H.  F.,  and  Rock,  S.  M.,  Ind.  Eng. 

Chem.,  Anal.  Ed.,  15,  541  (1943). 


Light  Absorption  Spectrometry 

M.  G.  MELLON,  Purdue  University,  Lafayette,  Ind. 


The  analytical  applications  of  light  absorption  spectrometry  involve 
determination  of  the  absorptive  capacity  of  materials  for  radiant 
energy  in  the  wave-length  range  of  400  to  750  m/i.  These  are 
the  wave  lengths  which  produce  the  sensation  of  light  in  the  human 
eye.  Since  selective  absorption  results  in  color,  when  the  un¬ 
absorbed  radiant  energy  reaches  the  eye,  this  kind  of  method  may 
be  considered  as  a  type  of  colorimetry.  The  uses  of  such  absorp¬ 
tive  measurements  may  be  grouped  into  two  general  categories. 
Qualitative  uses  depend  upon  the  kind  of  absorption — that  is, 
the  nature  and  contour  of  the  transmittance-wave-length  curve.  In 
colorimetry  this  involves  the  hue  of  the  system.  Quantitative  uses 
depend  upon  the  intensity  of  absorption — that  is,  the  height  of  the 
characteristic  portion  of  the  curve.  In  colorimetry  this  involves 
luminance  and  purity,  which  in  turn  depend  upon  the  amount  of 
the  absorbing  constituent  present. 

ABSORPTION  spectrometry  deals  with  the  determination 
f  \  of  the  absorptive  capacity  of  a  given  system  for  radiant 
I  energy.  The  subdivision  limited  to  light  absorption  includes 
)  the  wave  lengths  capable  of  producing  the  sensation  of 
light  in  the  human  eye.  This  visible  region,  covering  approxi¬ 
mately  400  to  750  m,u  for  a  normal  observer,  lies  between  the 
ultraviolet  and  the  infrared  regions.  In  this  symposium  we  are 
concerned  with  the  chemical  applications  of  the  subject,  with 
particular  reference  to  its  place  in  testing  and  analysis. 

In  a  general  way  light  absorption  spectrometry  does  not  differ 
essentially  from  ultraviolet  or  infrared  spectrometry,  especially 
in  the  nature  of  the  experimental  data.  Whatever  the  region  of 
the  spectrum,  these  data  are  single  absorptive  values  for  a  given 
wave  length,  curves  for  a  range  of  wave  lengths,  or,  more  rarely 
in  recent  years,  photographic  data  for  some  region.  Unless 
monochromatic  sources  are  used  to  provide  radiant  energy  of  par¬ 


ticular  wave  lengths,  any  stated  wave-length  value  is  usually  the 
median  of  a  spectral  band  whose  width  depends  upon  the  instru¬ 
ment. 

Presumably  our  first  concern  is  with  the  means  and  methods 
available  for  securing  the  data,  together  with  the  manner  of  han¬ 
dling  or  presenting  the  information.  Next  in  importance,  for  this 
symposium  at  least,  is  the  application  of  the  data. 

INSTRUMENTS  AND  DATA 

Since  a  general  discussion  of  instruments  cannot  be  presented, 
reference  is  made  to  selected  sources  of  information  (7,  22,  23,  24, 
37,  39,  55,  80,  85).  However,  it  seems  desirable  to  mention  cer¬ 
tain  aspects  of  the  relationship  of  instruments  and  their  use  to  the 
reliability  of  the  data.  Many  recently  published  articles  dealing 
with  such  measurements  are  inadequately  written,  at  least  for 
the  analyst. 

As  far  as  measurements  themselves  are  concerned,  suffice  it  to 
state  that  at  least  the  kinds  of  instruments  indicated  in  the  ac¬ 
companying  outline  are  in  use.  Except  for  the  photographic 
type,  they  are  now  rather  generally  referred  to  as  spectrophotom¬ 
eters.  As  such,  they  are  one  kind  of  spectroradiometers.  For 
each  type  representative  examples  are  mentioned.  Those  of 
Brode,  Harrison,  and  Zscheile  are  not  on  the  market.  Many 
others,  varying  in  details,  have  been  described. 

TYPES  OF  INSTRUMENTS 

Photographic — e.g.,  Bausch  &  Lomb,  Gaertner,  Hilger,  Zeiss 
Visual — e.g.,  Bausch  &  Lomb,  Gaertner,  Hilger,  Keuffel  and 

Esser,  Konig-Martens 
Photoelectric 

Prism  monochromator 

Nonrecording — e.g.,  Beckman,  Zscheile 
Recording — e.g.,  Brode,  General  Electric 


82 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  17,  No.  2 


Figure  1.  Transmittance  of  Corning  Glass  512 

Grating  monochromator 

Nonrecording — e.g.,  Coleman,  Central  Scientific 
Recording — e.g.,  Harrison 

The  measurements  may  be  considered,  of  course,  as  one  type 
of  colorimetry  {46),  since  the  sensation  of  color  is  related,  in 
most  cases,  to  the  selective  reflection  or  transmission  of  fight  by 
an  object.  Perhaps  this  is  the  most  distinctive  feature  of  fight 
absorption  spectrometry,  for  only  in  this  subdivision  do  we  have 
visual  instruments. 

Instrumental  Details.  Turning  now  to  the  evaluation  of 
absorption  data,  one  is  interested  first  of  all  in  their  reliability. 
Since  different  instruments,  and  different  methods  of  using  them, 
may  yield  different  results,  reports  of  the  details  of  measurements 
must  be  clearly  and  accurately  written.  Failure  in  this  point 
indicates  ignorance  or  laziness  on  the  part  of  the  authors.  It  is 
analytically  inadequate,  for  example,  to  state  only  that  the  results 
were  obtained  by  some  individual,  or  that  they  came  from  some 
individual’s  laboratory. 

In  the  first  place,  one  wants  to  know  the  type  of  instrument — 
that  is,  whether  it  was  photographic,  visual,  or  photoelectric. 
Each  type  includes  instruments  of  different  qualities.  If  a  photo¬ 
graphic  instrument  was  used,  one  may  want  to  know  whether  any 
point  matching  of  lines  was  done  visually  or  by  photoelectric 
means.  An  estimate  of  the  probable  reliability  of  the  readings 
would  help.  Perhaps  most  important  is  to  know  whether  a 
visual  type  was  used,  and,  if  so,  with  what  fight  source.  Values 
obtained  visually  for  wave  lengths  below  440  or  above  680  m#x  are 
likely  to  be  much  less  reliable  than  those  near  the  center  of  this 
region  because  of  the  nature  of  the  response  of  the  eye  to  fight. 
In  addition  to  stating  the  type  of  instrument,  authors  should 
report  the  manufacturer  and  model.  Thus,  Coleman  Model  10S 
will  operate  on  a  spectral  band  as  narrow  as  2.5  mju,  but  that  for 
Model  11  is  35  m n. 

Current  papers  seldom  mention  calibration.  Recently  the 
author  found  an  error  of  10  m n  (at  700  m^i)  in  a  new  spectropho¬ 
tometer.  It  seems  necessary  to  check  both  wave-length  and 
photometric  scales.  Monochromatic  sources,  such  as  fines  of  the 
mercury  arc,  are  preferable  for  checking  wave  lengths.  Band 


peaks  of  didymium  glass  (see  Figure  1)  are  useful  for  checking  the 
wave  lengths  of  recording  spectrophotometers,  if  calibrated  at  the 
slit  widths  at  which  they  are  to  be  used;  but  they  are  much  in¬ 
ferior  to  monochromatic  sources  for  manually  operated  instru¬ 
ments.  Glass  standards  of  spectral  transmission,  calibrated  by 
the  National  Bureau  of  Standards  (typical  curves  are  illustrated 
in  Figure  8),  are  very  useful  for  checking  photometric  values. 
Several  solutions  have  been  suggested  for  this  purpose  {14, 72, 83). 

For  curves  having  small,  sharp  bands  (fine  structure),  the  signifi¬ 
cance  of  spectral  band  width  seems  often  not  appreciated  or 
understood.  Many  authors  do  not  state  the  width  used.  Fig¬ 
ure  1  shows  the  results  of  using  different  band  widths  for  a  didym¬ 
ium  glass.  The  continuous  curve,  without  points,  was  recorded 
with  a  band  of  5  mg,  while  that  with  the  marked  points  is  based 
on  readings  with  a  band  of  35  mg.  The  discontinuous  curve  is 
drawn  through  points  marking  the  values  obtained  on  a  visual 
filter  photometer  using  glass  filters  whose  median  wave  lengths 
were  stated  by  the  manufacturer  to  be  the  values  locating  the 
points  on  the  graph.  The  disagreement  is  obvious.  In  general, 
the  use  of  a  wide  spectral  region  obscures  or  eliminates  small 
bands  which  might  well  be  the  characteristic  information  sought. 
Two  recent  publications,  from  well-known  laboratories,  contain 
curves  with  no  sign  of  the  small  bands  known  to  be  in  the  per¬ 
manganate  curve  near  490,  508,  526,  545,  and  567  nm  {27)  (see 
Figure  6). 

If  a  narrow  spectral  band  width  was  used  for  these  permanga¬ 
nate  curves,  perhaps  too  few  points  were  taken  to  locate  the 
curve.  Unless  data  come  from  a  recording  instrument,  the  ob¬ 
served  points  should  appear  in  the  graph.  This  practice  is  by  no 
means  the  rule  today.  Unless  the  curve  is  a  broad,  sweeping 
type,  photometric  readings  should  be  taken  at  least  each  10  mju. 
To  bring  out  small  absorption  bands,  the  points  must  be  closer, 
Figure  2  shows  the  variation  in  the  curves  obtained  by  plotting 
the  readings  taken  at  different  wave-length  intervals  for  the  glass 
used  in  Figure  1.  It  is  evident  that  too  few  values  can  lead  tc 
serious  inaccuracy  for  such  a  curve. 

Along  with  pointless  curves,  one  sees  too  many  gridless  graphs, 
The  grid  fines,  because  of  their  aid  in  studying  and  using  curves, 
are  recommended  in  books  dealing  with  graphical  presentation  ol 
data  {3,  89). 

If  one  wants  to  repeat  another’s  work,  it  is  very  disconcerting 
to  find  no  mention  of  the  concentration  of  a  solution  or  of  the 
thickness  of  sample  measured.  For  the  sake  of  easy  comparisor 
of  data — generally,  absorption  cells  1.00  cm.  thick,  or  some  mul¬ 
tiple  or  fraction  thereof,  are  preferable.  But  if  the  actual  thick¬ 
ness  is  given,  whatever  it  is,  Bouguer’s  law  enables  one  to  calcu¬ 
late  to  any  other  thickness.  A  Keuffel  and  Esser  color  slide  rule 
facilitates  the  work.  Just  as  with  wave-length  and  photometric 
scales,  absorption  cells  should  be  checked.  One  lot  of  “l-cm.’: 
cells  was  found  to  range  in  internal  thickness  from  0.93  to  1.04  cm, 

Data  and  Conventions.  If  one  has  an  instrument  capable  oi 
providing  results  of  the  desired  accuracy,  and  if  it  has  been  ad¬ 
justed  and  calibrated,  there  remains  the  question  of  how  to  handle 
the  experimental  data  obtained.  Only  brief  mention  can  be 
made  here  of  methods  of  presentation,  and  this  is  limited  to  the 
construction  of  curves. 

Although  the  terms  absorptometric  and  absorptance  are  often 
used,  more  often  the  measurements  are  reflectance,  R,  for  an 
opaque  material,  and  transmittance,  T  (or  transmittancy,  T),  foi 
a  transparent  system.  Reflectance  is  generally  expressed  as  per¬ 
centage.  This  basis  is  often  used  also  for  transmittance  of  solids 
and  transmittancy  of  solutions.  Hardy  {28)  and  others  prefei 
the  decimal  fraction,  transmittance  (or  transmittancy)  factor, 
Also  there  is  extensive  use  of  the  optical  density,  D  (designated 
often  as  extinction,  E),  the  specific  extinction,  k,  the  moleculai 
extinction,  e,  or  the  logarithm  of  one  of  these.  A  number  oi 
instruments  read  directly  in  terms  of  one  or  more  such  values, 
Whatever  the  basis  of  the  readings,  they  form  the  ordinates  foi 
curves.  The  region  of  the  spectrum  measured  forms  the  abscis¬ 
sas,  and  the  values  are  expressed  in  one  or  more  of  the  following 
terms:  wave  length,  X  (in  millimicrons,  m/i,  or  Angstroms,  A), 


ANALYTICAL  EDITION 


83 


abruary,  1945 


equencv,  v  (in  fresnels),  wave  number,  v  (in  waves  per  cm.), 
id  logarithm  of  the  wave  length.  Brode  (7)  gives  relationships 
id  tables  for  interconversion  of  these  values.  From  the  stand¬ 
out  of  the  accuracy  of  the  measurement,  few  graphs  would  seem 
i  justify  the  significant  figures  implied  in  using  Angstrom  units. 


Unfortunately,  no  one  system  of  plotting  has  been  generally 
iopted.  Thus,  a  recent  publication  uses  six  different  ordinate 
jsignations.  This  situation  is  the  result  partly  of  personal 
lertia  and  prejudice,  and  partly  of  the  inadequacy  of  any  one 
rstem  for  all  requirements.  With  all  possible  variations  in  use, 
icluding  inconsistency  in  the  direction  of  plotting  for  any  given 
imbination,  and  disregard  for  good  practice  in  graphing,  the 
terature  is  likely  to  be  confusing  to  one  unskilled  in  transforming 
lentally  a  curve  in  unfamiliar  form  over  into  the  form  with 
hich  he  customarily  deals.  Some  advantages  of  several  forms 
nay  be  noted. 

1.  Transmittance  (or  transmittancy)  is  often  the  quantity  ob- 
lined  directly,  especially  with  single-beam,  substitution,  or  re- 
>rding  types  of  photoelectric  instruments.  Thus,  presentation 
:  the  original  data  becomes  easy.  Since  the  fight  transmitted 
•effected)  determines  the  color,  this  kind  of  plotting  is  preferred 
y  many  in  the  designation  of  colors.  Also,  curves  in  this  form 
•e  the  basis  for  calculating  numerical  color  specifications,  as 
3 ted  under  Color  Analyses,  below.  Some  writers  plot  log  I  on 
dual-division  paper,  or  T  directly  on  semilogarithmic  paper, 
ither  method  greatly  magnifies  values  below  10%,  but  there  is  a 
irresponding  condensation  for  high  values. 

2  Extinction,  or  optical  density,  magnifies  absorption  max- 
aa,  and  thus  makes  them  definite  and  easily  read  It  also 
rcilitates  computation  from  one  thickness  to  another,  if  desired, 
nee  the  relation  is  linear. 

Curves  of  the  percentage— wave-length  or  extinction— wave- 
ngth  type  often  differ  considerably  in  shape  for  different  truck- 
esses  of  media  or  different  concentrations  of  solutions.  If  one 
lots  log  E,  the  curves  all  have  the  same  shape  (28)  regardless  of 
nckness  (or  concentration,  if  the  solution  conforms  to  Beer  s 
w).  This  is  evident  from  the  relation 

E  =  logio  1  /T  =  0.4343  kx 

Then  log10  E  =  logic  0.4343  k  +  log10  z.  Since  the  absorption 
aefficient,  k,  varies  with  the  wave  length  and  the  thickness  (or 
mcentration)  of  the  sample,  x,  does  not,  the  shape  of  the  curve 
epends  upon  the  term  logio  0.4343  k,  and  the  height  upon  the 

inn  logio  x.  . 

In  some  laboratories  the  latter  type  of  curve  is  used  for  stand- 
rd  curves  and  for  the  identification  of  materials.  In  dyestuff 
mnufacture  and  application,  for  example,  the  trade  thinks  in 
inns  of  shade  and  strength,  variables  immediately  separable  by 
lis  method  as  curve  shape  and  position  variations,  respectively, 
hurefiff  (69)  has  proposed  a  curve-shape  index  for  identifying 
yes  by  means  of  spectrophotometric  curves.  For  reflectance 

ata,  ordinate  is  log  — — -p — —  in  which!?  =  body  reflectance  (1). 

3.  In  theoretical  and  interpretative  studies  on  the  relation  of 
bsorption  and  constitution,  often  including  the  ultraviolet  and 
ifrared  regions,  frequency  is  of  more  fundamental  importance 
lhan  wave  length  as  abscissas,  since  it  gives  a  better  indication  of 
he  relative  widths  of  bands  in  the  three  regions.  Shurcliff  ( i0 ) 
refers  to  use  the  logarithm  of  the  wave  length  (to  the  base  2). 


I  As  another  point  concerning  data,  mention  may  be  made  of 
ncertainty  in  definition,  and  inconsistency  in  use,  of  the  terms 
Tvolved.  Thus,  unless  one  knows  the  solution  measured,  he 
annot  be  sure  that  a  curve  labeled  absorptance,  in  percentages,  is 
ot  really  a  transmittance  curve.  Does  a  writer  mean  transmit- 
ance  (ratio  of  transmitted  to  incident  fight)  or  transmittancy 
ratio  of  transmittance  of  solution  to  transmittance  of  solvent)? 
Vhen  extinction  is  used,  does  he  mean  measured,  specific,  or 
aolecular  extinction?  And  in  any  case,  has  he  specified  concen- 
ration  and  thickness?  When  the  ordinate  is  marked  log  E,  does 
I  ie  mean  a  double  log  of  1/T?  Brode  (7)  and  Gibson  (24)  have 
ecommended  uniformity  in  these  items. 

Finally,  note  may  be  taken  of  what  seems  unjustified  faith  in 
mbfished  extinction  values,  including  their  use  in  plotting  curves 
ntended  either  for  measuring  amounts  of  constituents  or  for 


demonstrating  the  applicability  of  Beer’s  law  to  the  system. 
Ideally,  a  molecular  extinction  coefficient  should  be  a  physical 
constant  comparable  in  reliability  to  other  constants,  such  as 
density  or  refractive  index.  If  the  value  is  determined  accu¬ 
rately,  it  may  be  considered  reliable.  But  when  one  recalls  that 
Beer’s  law  presupposes  monochromatic  light,  and  that  few  spec¬ 
trophotometers,  as  generally  used,  come  near  meeting  this  re¬ 
quirement,  the  discrepancies  reported  are  understandable.  Often 
a  point  of  doubt  is  the  purity  of  the  material  measured.  Perhaps 
this  too  implicit  faith  in  extinction  values  accounts  for  many 
authors’  insisting  on  publishing  extinction-concentration  graphs 
for  their  particular  work.  If  the  fine  is  straight,  one  sentence 
will  so  state.  An  experienced  worker  would  not  use  the  curve  for 
another  instrument  without  checking.  An  illustration  of  the 
significance  of  this  instrumental  factor  has  been  published  by 
Withrow,  Shrewsbury,  and  Kraybill  (87).  Sandell  (66)  has 
wisely  cautioned,  “Only  the  most  sanguine  user  of  a  spectro¬ 
photometer  will  calculate  the  concentration  of  his  colored  solution 
from  the  observed  extinction  and  the  value  of  the  extinction 
taken  from  the  literature.”  The  dependence  of  extinction  values 
upon  conditions  is  shown  by  a  statement  such  as  E(j  cm_,  425  m/i, 
CHClj,  5  mM,  20°  C.)  =  1800. 

APPLICATIONS 

In  general,  the  applications  of  fight  absorption  spectrometry 
depend  ultimately  upon  measuring  color,  a  systemic  property  of 
increasing  importance  in  research  and  industry.  (The  term  color 
is  not  limited  here  to  its  psychophysical  sense,  recently  defined, 
11.)  Many  chemical  materials  possess  characteristic  colors,  or 
are  subject  to  color  changes  in  the  course  of  chemical  transforma¬ 
tions.  The  range  of  applications  extends  from  the  determination 
of  color  as  color,  through  the  mass-production  determination  of 
desired  constituents  in  routine  laboratories,  to  the  elucidation  of 
chemical  problems,  such  as  those  involving  the  constitution  of 
systems,  or  the  nature  of  processes. 

The  objective  of  the  measurement  differs  widely  (7,  45,  47,  49, 


Figure  2.  Effect  on  Curve  of  Wave-Length  Intervals  Plotted 
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Figure  3.  Characteristic  Bands  in  Visible  Region 


6 4,  78).  Perhaps  most  frequently  it  is  purely  analytical— that  is, 
we  want  to  know  what  constituent  is  present  and/or  its  amount. 
Such  determinations  may  be  necessary  industrial  control  opera¬ 
tions,  or  they  may  be  merely  incidental,  though  necessary,  for 
solving  a  research  problem.  In  color  specification  work  we  prob¬ 
ably  do  not  determine  what  is  present,  or  its  amount,  although 
the  former  largely  determines  the  dominant  wave  length  and  the 
latter  determines  the  luminance  and  colorimetric  purity  (for  a 
given  illuminant).  Even  though  some  work  is  not  primarily 
analytical  in  objective,  it  is  convenient  to  consider  spectrometric 
measurements  in  terms  of  qualitative  and  quantitative  uses  of  the 
data. 

Qualitative  Uses.  The  applications  that  are  qualitative  in 
nature  depend  upon  an  object's  having  a  definite  form  of  spectral 
curve  (resulting  from  absorption,  transmission,  or  reflection), 
with  its  distinctive  parts,  if  any,  in  particular  regions.  Upon 
these  characteristics  are  based  any  conclusions  deduced  from  the 
curves.  Some  examples  will  illustrate  the  possibilities. 

Identification  of  Constituents.  In  other  sources  it  has  been 
pointed  out  that  often  the  most  characteristic  portion  of  such 
spectral  curves  lies  in  the  ultraviolet  or  infrared  region.  However, 
for  many  systems  the  curves  for  the  visible  region  do  have  con¬ 
siderable  analytical  value.  The  curve  shape  may  be  one  of  the 
items  used  to  characterize  dyes  {82, 67) .  An  experienced  observer 
soon  learns  the  peculiarities  of  a  given  system,  such  as  pigments 
in  printing  inks  {1)  or  a  permanganate  solution.  The  whole 
range  of  purples,  from  bluish  to  reddish,  may  be  interpreted  in 
terms  of  the  respective  curves.  Even  with  systems  such  as  dark 
blues  and  browns,  whose  curves  appear  uninteresting,  one  learns 
what  to  expect  from  given  constituents.  As  an  example  of  un¬ 
usually  interesting  absorption  in  the  visible  region,  the  curves  of 
Figure  3  are  included. 

In  some  work,  where  the  curves  do  not  have  sufficiently  sharp 
absorption  maxima  for  such  identification,  it  has  been  found  pref¬ 


erable  to  use  the  ratio  of  extinction  coefficients  at  selected  wave 
lengths  {38). 

This  use  of  curves  has  been  very  extensive  in  organic  chemistrj 
in  studies  involving  correlation  of  absorption  spectra  and  constitu¬ 
tion  of  compounds  {6,  7, 8, 12, 15, 25, 29, 81, 49, 54).  If  the  curve! 
for  an  unknown  and  a  known  agree  closely,  identity  of  composi 
tion  or  structure  is  indicated,  but  not  confirmed,  as  noted  bj 
Ruehle  {64),  for  two  systems  containing  different  substances  maj 
yield  closely  agreeing  curves  {75). 

Spectrophotometric  evidence  on  the  nature  and  the  course  o 
chemical  reactions  belongs  in  this  category.  Such  application 
although  probably  most  extensive  in  biochemistry  and  organ! 
chemistry,  is  not  confined  to  these  subjects  {68).  Specific  ex 
amples  of  these  applications  are  papers  on  adsorption  {40),  com 
plexation  {50),  hydrolysis  {9),  ionic  equilibria  {5,  26,  68,  84) 
ionization  constants  {65),  isomerism  {61),  molecular  associatioi 
{88),  polymerization  {62),  and  solvation  {86).  To  interpret  th 
curves  one  should  know  the  light  absorptive  effects  of  factors  sue! 
as  functional  groups,  specific  structures,  and  possible  chemica 
transformations  {30).  Change  in  hue,  for  given  illumination 
means  a  change  in  the  nature  of  the  absorbing  system,  althougl 
the  reverse  is  not  necessarily  true. 


Study  of  Colorimetric  Standards.  In  certain  analytical  met! 
ods,  such  as  the  comparimetric  determination  of  residual  chlorin 
in  drinking  water,  the  nature  of  the  colored  system  is  such  tha 
matching  with  a  similarly  prepared  known  solution  is  impractica 
So-called  permanent  standards,  composed  of  other  substance 
usually  glass  disks  or  aqueous  solutions,  are  used.  They  are  de 
signed  to  be  visually  equivalent  to  the  unknown.  If  spectre 
photometrically  equivalent  (have  the  same  curves),  they  wi 
match  under  any  kind  of  illumination.  If  not,  one  could  hav 
difficulty.  Two  systems  may  appear  visually  identical,  unde 
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liven  illumination,  and  yet  show  very  different  curves  {44).  Fig- 
ire  4  shows  the  curves  for  three  pairs  of  “matching”  solutions, 
u  study  of  such  systems  led  to  the  interpretation  of  certain  dif¬ 
ficulties  with  the  o-tolidine  method  for  chlorine  (17).  Inciden- 
ally,  the  chlorine-o-tolidine  yellow  solutions  have  a  band  at  436 
an,  but  the  best  visual  matching  solutions  do  not.  This  differ- 
nce  in  absorptive  capacity  of  the  two  systems  in  the  deep  blue  is 
iot  serious  for  matching,  presumably  because  of  the  low  sensi- 
ivity  of  the  eye  in  this  region. 

Selection  of  Filters.  A  daily  problem  for  many  analysts  is  the 
election  of  filters  for  the  filter  photometers  which  now  find  exten- 
ive  use  in  the  colorimetric  determination  of  constituents  in  a 
fide  variety  of  materials  in  many  industrial  and  clinical  labora- 
ories.  The  best  basis  for  such  selection  is  the  spectral  transmit- 
ance  curves  of  the  system  to  be  measured  and  of  the  available 
Iters.  To  achieve  maximum  sensitivity  in  the  photometer,  the 
sual  advice  is  to  use  a  filter  whose  maximum  transmittance  is 
lose  to  the  wave  length  of  the  peak  of  the  absorption  band  of  the 
nknown.  Figure  5  shows  curves  for  the  1,10-phenanthroline- 
•on  complex  and  for  two  glass  filters.  The  wide  line  centering 
ear  508  ran  is  drawn  to  scale  to  show  the  setting  of  a  system  to 
ass  a  spectral  band  having  5  mu  width  at  the  peak  of  the  absorp- 
ion  band. 

Occasionally,  if  the  curves  for  filters  and  constituents  are  suit- 
bly  related,  it  is  possible  to  work  with  more  than  one  colored  sub- 
tance  in  solution.  An  example  has  been  discussed  by  Knudson, 
deloche,  and  Juday  (36).  Usually  colored  color-forming  re¬ 
gents  are  undesirable  because  any  excess  added  increases  the 
etal  color,  as  in  the  determination  of  iron  with  nitroso-R-salt. 
nspection  of  the  curves  for  this  reagent  and  for  the  iron  complex 
hows  the  possibility  of  filtering  out  the  former’s  color. 

Control  of  Variable  Factors.  Probably  few  chemists  fully  ap- 
reciate  the  importance  of  color  in  connection  with  chemical 
roducts  and  processes.  Surprisingly  often  the  production,  or 
voidance,  of  given  products,  or  the  control  of  production  and 
perational  processes,  is  based  upon  color  phenomena.  In  ana¬ 
lytical  chemistry  especially,  one  or  more  of  at  least  the  following 
ictors  are  often  very  important:  stability  of  the  color,  pH  change, 
smperature,  time  of  reaction,  best  color-forming  reagent,  amount 
f  reactant  required,  order  of  mixing  reactants,  state  of  oxidation, 
ature  of  solvent,  and  interfering  ions.  Studies  of  this  kind  in 
he  author’s  laboratory  (19,  35,  56,  76,  77,  88,  90)  aimed  to  study 
he  factors  affecting  various  colors  and  their  formation,  and  then 
o  establish  a  set  of  working  conditions  that  would  yield  desired 
nalytical  results. 

In  terms  of  the  ultimate  effects  upon  the  spectral  transmittance 
urves,  two  kinds  of  results  may  be  recognized.  One  is  a  change 
f  hue,  which  is  indicated  by  a  horizontal  shift  of  a  curve  or  by  a 
hange  in  its  form  (to  avoid  the  concentration  form-change,  one 
lay  plot  log  E  as  ordinates).  Such  shifts  of  position,  or  real 
hange  in  the  band,  mean  a  change  in  the  nature  of  the  composi- 
ion  of  the  absorbing  medium.  It  may  lead  to  identification  of 
onstituents,  as  already  mentioned.  Diverse,  colored  ions  gen- 
rally  change  a  hue,  as  do  acidity  changes  in  systems  subject  to 
H  action.  Occasionally  a  system,  such  as  aqueous  cobaltous 
hloride,  is  rather  sensitive  to  changes  in  temperature  or  the 
ature  of  the  solvent. 

The  second  kind  of  result  is  a  change  in  intensity  (luminance), 
;■  ccompanied,  of  course,  by  a  change  in  colorimetric  purity, 
’his  is  shown  by  a  change  in  the  height  of  the  peak  of  the  absorp- 
ion  band.  Any  action  decreasing  the  absorption  process  is 
aade  evident  by  fading  and  accompanies  a  decrease  in  the  absorp- 
ion  band.  Examples  are  diverse  ions  reacting  with  the  color- 
orming  reactant  to  give  a  colorless  component  or  to  complex 
he  desired  constituent  to  prevent  its  functioning.  Increase  in 
he  band  means  enhancement  of  the  absorptive  capacity  by  some 
eaction  that  must  be  controlled  or  prevented. 

All  these  cases  necessitate  the  establishment  of  some  set  of 
onditions  to  obtain  standard  reference  or  working  curves.  As¬ 


suming  the  applicability  of  Beer’s  law,  we  have  a  basis  for  meas¬ 
uring  the  magnitude  of  the  intensity  effects  in  terms  of  the  de¬ 
sired  constituent  (19,  77).  If  the  effect  so  calculated  does  not 
exceed  2%,  it  is  generally  disregarded  in  the  author’s  laboratory, 
because  so  much  colorimetric  work  is  not  within  this  limit  of 
accuracy. 


Figure  5.  Curves  for  1 ,1 0-Phenanthroline-lron  Complex  and 

Filters 


Finally,  for  a  variety  of  materials  there  may  be  established,  in 
terms  of  curves,  standard  specifications  of  quality  and  perform¬ 
ance.  Being  permanent,  these  curves  serve  for  the  comparison 
of  subsequent  products.  In  a  paint  or  dye  laboratory,  for  ex¬ 
ample,  data  are  secured  for  the  standard  or  desired  grades  of  the 
materials.  Then  the  effects  of  processing,  impurities,  and  other 
measurable  factors  can  be  determined  in  terms  of  the  standard 
curves.  This  may  lead  to  change  and  control  of  the  manufac¬ 
turing  process  to  achieve  permissible  color  tolerance  in  the  prod¬ 
ucts.  Two  examples  of  such  uses  are  for  paint  (21,  34)  and  for 
dyes  and  textiles  (13,  18,  51,  57,  58,  68). 

Provision  of  General  Information.  Occasionally  curves  serve 
chiefly  to  satisfy  one’s  curiosity  about  the  nature  of  a  given 
colored  system.  Thus,  years  of  use  of  “modified”  pH  indicators 
led  to  a  study  of  the  color  transformations  in  selected  solutions 
(20). 

Quantitative  Uses.  Quantitative  uses  of  light  absorption 
spectrometry  depend  upon  the  fact  that  the  magnitude  of  absorp¬ 
tion  is  a  function  of  the  concentration  of  the  absorber,  which  in 
liquid  systems  is  the  solute.  The  measurements  provide  the  basis 
for  securing  a  variety  of  quantitative  information  (4,  81,91)  rep¬ 
resentative  types  of  which  are  summarized  here. 

In  the  analytical  determinations  it  is  customary  to  make  the 
measurement  at  the  wave  length  of  the  peak  of  the  absorption 
band,  although  this  point  is  not  always  the  best.  With  unstable 
systems  the  optimum  spectral  zone  may  not  be  that  of  maxi- 
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mum  absorption  {74).  With  more  than  one  colored  constituent 
present,  it  may  be  necessary  to  measure  one  component  on  a  steep 
portion  of  a  curve  to  avoid  interference  by  the  second  component 
{71).  Finally,  when  simultaneous  equations  are  involved  in  the 
calculation,  readings  are  necessary  at  several  points  {10). 


Sensitivity  and  Range  of  Method.  A  set  of  curves  for  a  series  of 
solutions  of  suitable  concentrations  shows,  for  the  specified  thick¬ 
ness,  the  sensitivity  of  a  method  of  analysis  and  the  range  of  con¬ 
centration  to  which  it  may  be  applied  reliably  without  diluting 
or  concentrating  the  sample.  If  desired,  data  for  one  thickness 
may  be  calculated  to  those  for  another  on  the  basis  of  Bouguer’s 
law. 

The  curves  for  Figure  5  show  the  possibilities  for  a  better  than 
average  colorimetric  method.  Some  methods  are  more  sensitive, 
but  most  of  them  are  not  the  equal  of  this  one. 

As  pointed  out  in  Study  of  Colorimetric  Standards  and  Color 
Analyses,  such  curves  are  fundamental  for  the  sound  selection  of 
filters,  and  for  the  calculation  of  I.C.I.  numerical  specifications. 

Conformity  of  Solutions  to  Beer’s  Law.  The  set  of  curves  de¬ 
scribed  in  the  preceding  section  will  serve  to  test  a  given  system 
for  conformity  to  Beer’s  law.  First  the  transmittancies  or  the 
extinctions  for  the  various  concentrations  are  noted  at  the  wave 
length  of  maximum  absorption,  or  as  near  this  point  as  feasible, 
if  it  lies  outside  the  visible  range.  Then  one  usually  plots  as 
abscissas  the  concentrations,  and  as  ordinates  the  extinction  or 
the  logarithm  of  the  transmittancy,  on  a  linear  scale,  or  the  trans- 
mittancy  on  a  logarithmic  scale.  Straight  fines  show  conformity, 
a  fact  which  ordinarily  needs  merely  to  be  stated  in  a  paper.  If 
such  a  curve  is  to  be  used  for  calculations  based  on  the  additive 
nature  of  extinction  values  {10),  the  data  should  be  determined 
for  the  instrument  used. 

Nonconformity  to  Beer’s  law  indicates  the  desirability  of  mak¬ 
ing  comparimetric  measurements  with  a  constant-depth  standard 


series  method,  rather  than  with  a  variable-depth  instrument 
Such  deviation  may  be  valuable  qualitative  evidence  of  some  ac¬ 
tion  affecting  the  absorber,  such  as  association,  dissociation,  oi 
ionization. 

Analytical  Determinations.  Although  the  use  of  absorptanc< 
measurements  as  a  means  of  making  quantitative  determination: 
of  desired  constituents  goes  back  to  the  time  of  Vierordt  {82),  onlj 
recently  has  the  availability  of  instruments  made  this  kind  o: 
method  fairly  well  known.  The  process  depends,  of  course,  oi 
relating  the  absorptive  capacity  of  the  solution  to  the  concentra 
tion  of  the  desired  constituent.  Several  examples  of  applying 
such  information  will  illustrate  the  possibilities. 

For  single,  colored  constituents  there  are  two  general  proce¬ 
dures.  One  may  work  from  a  calibration  curve  coordinating  con 
centration  and  transmittancy  (or  extinction)  determined  for  s 
series  of  solutions  of  known  concentrations.  Having  determinec 
the  transmittancy  (or  extinction)  for  an  unknown  solution,  iti 
concentration  may  be  read  from  the  calibration  curve.  Althougl 
a  straight-fine  curve  may  most  nearly  satisfy  some  operators 
esthetic  sense,  such  a  relationship  obviously  is  unnecessary 
Mehlig  determined  manganese  in  steel  in  this  way  (41),  and  pre 
sumably  such  a  method  is  applicable  to  any  system  stable  enougl 
for  measurement.  Usually  such  procedures  are  ultimately 
routinized  on  filter  photometers,  since  all  but  the  cheapest  spectro 
photometers  are  too  expensive  for  wide  use. 

If  the  system  conforms  to  Beer’s  law,  the  unknown  concentra 
tion,  c,  may  be  calculated  from  the  relationship 

,  log  1/T 
c  ~^b~ 

in  which  T  =  the  measured  transmittancy  (log  1/T  —  E  =  ex 
tinction),  e  =  the  molecular  extinction,  and  b  =  the  thickness 
One  must  have  determined  e  at  thickness  b.  Using  this  method 
Mehlig’s  results  on  copper  in  ores  and  mattes  {42)  were  as  reliabl 
as  the  best  titrimetric  determinations  and  somewhat  more  rapid 
Later  he  applied  the  same  technique  to  determining  iron  in  ore 
US). 


Incidentally,  the  values  for  copper  ranged  from  2  to  21%,  am 
those  for  iron  from  36  to  57%.  This  is  noteworthy  in  view  of  th 
very  general  belief  that  colorimetric  determinations  are  limitec 
to  maximum  concentrations  of  a  few  parts  per  million  of  desire< 
constituent.  Even  more  surprising  is  the  range  of  concentration 
covered  in  work  by  Drabkin,  el  al.  {16).  The  upper  limit  for  reli 
able  work  with  modem  instruments  needs  further  study  fo 
representative  systems. 
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With  two  colored  constituents  present,  several  situations  may 
be  encountered.  The  curves  for  the  two  may  be  so  similar  that 
i  spectrometric  determination  is  not  feasible.  Many  yellow  solu¬ 
tions,  for  example,  are  closely  related  in  their  light  absorptive 
capacity.  It  may  be  possible  to  avoid  the  effect  of  One  constitu¬ 
ent  by  oxidation  or  reduction,  complexation,  or  other  kind  of 
chemical  reaction  (4). 

If  the  two  curves  are  suitably  related,  either  or  both  constitu¬ 
ents  may  be  determinable.  The  possibilities  may  be  illustrated 
by  examples  from  recent  papers.  Silverthom  and  Curtis  (71) 
determined  manganese  and  chromium  simultaneously  in  steel. 
Figure  6  shows  the  transmittancy  curves  for  one  concentration  of 
dichromate  and  of  permanganate,  as  determined  on  a  recording 
instrument  operating  on  a  spectral  band  width  of  5  m^.  Silver- 
thorn  and  Curtis  recommend  reading  transmittancies  at  450  and 
575  m/n.  They  assume  no  absorption  by  dichromate  at  the  upper 
wave  length.  This  reading  provides  then  for  measuring  the  man¬ 
ganese,  as  outlined  above.  At  450  m,u  both  dichromate  and  per¬ 
manganate  absorb.  Knowing  the  amount  of  manganese  from  the 
reading  at  575  m/x,  its  absorption  at  450  m,u  may  be  subtracted 
from  the  total  absorption.  The  difference,  resulting  from  the  di¬ 
chromate,  enables  one  to  calculate  the  chromium.  Since  loga¬ 
rithmic  values  enter  the  calculations,  the  systems  should  conform 
to  Beer’s  law. 

In  the  most  complicated  case,  where  neither  constituent  can  be 
isolated  spectrally,  the  measurement  is  made  upon  the  mixed 
components  at  carefully  selected  wave  lengths.  Using  these 
data,  together  with  values  of  the  absorptive  capacity  at  these 
same  wave  lengths  for  each  pure  constituent,  it  is  possible  to  calcu¬ 
late  the  amount  of  the  separate  components  by  means  of  simul¬ 
taneous  equations.  Because  of  the  nature  of  the  calculations,  it  is 
of  great  importance  to  have  the  absorptive  values  determined  as 
reliably  as  possible.  In  any  case,  the  curves  for  the  two  com¬ 
ponents  must  be  suitably  related,  as  pointed  out  by  Comar  and 
Zscheile  (10).  With  superb  experimental  facilities  and  tech¬ 
nique,  they  have  shown  what  can  be  done  analytically  on  a  mix¬ 
ture  of  the  two  closely  related  chlorophylls.  The  curves  for  the 
two  pure  compounds  are  shown  in  Figure  7,  with  the  wave  lengths 
marked  at  which  readings  are  made. 

In  addition  to  using  this  kind  of  method  for  such  binary  sys¬ 
tems,  Miller  (49)  has  extended  it  to  ternary  and  quaternary  sys¬ 
tems.  Such  procedures  are  the  finest  examples  of  the  quantita¬ 
tive  analytical  application  of  spectrophotometers.  To  what 
other  method  of  measurement  could  one  turn? 


Table  I.  Colorimetric  Analyses 


Trichromatic  Values3 


Red 

Green 

Blue 

% 

% 

% 

Glasses 

Blue 

17.3 

7.7 

75.0 

Yellow 

50.0 

45.7 

4.3 

Red 

68.9 

31.1 

0.0 

Flag4 

Red 

56 

32 

12 

White 

32 

33 

35 

Blue 

28 

26 

46 

Monochromatic  Values 

Dominant 
wave  length 

Luminance 

Purity 

m/x 

% 

% 

Glasses 

Blue 

460 

6.1 

83 

Yellow 

582 

41.6 

89 

Red 

619 

14.6 

100 

3  Actually,  one  calculates,  and  the  flag  of  the  United  States  is  specified  in, 
the  decimal  chromaticity  coordinates,  x  and  y.  Then  t  =»  1  —  (x  +  y). 
Multiplying  each  trichromatic  coefficient  by  100  gives  the  respective  per¬ 
centages  shown  for  red,  green,  and  blue. 

4  Federal  Specification  TT-C-591  (1934). 


Perhaps  a  word  of  caution  should  be  directed  to  the  novice  in 
spectrophotometry.  With  the  best  of  modern  instruments,  a 
competent  operator  can  determine  absorptance  data  satisfac¬ 
torily.  The  question  is  whether  the  system  was  prepared  so  that 
the  measurement  was  worth  making.  Morton  (54)  has  summar¬ 
ized  the  formidable  difficulties  encountered  in  applying  the  ab- 
sorptometric  method  to  vitamin  A  in  the  ultraviolet.  Similar 
problems  arise  in  colorimetry.  Elsewhere  the  author  has  out¬ 
lined  some  of  these  chemical  problems  (48). 


Color  Analysis.  In  colorimetric  specification  of  materials,  in¬ 
volving  measurement  of  their  light  absorptive  capacities,  most 
use  is  made  of  spectral  reflectance  or  transmittance  curves.  The 
data  may  be  considered  as  objective,  especially  when  determined 
with  a  high  quality  photoelectric  instrument. 

The  curves  may  be  adequate  as  such.  Thus,  the  transmittance 
curves  in  Figure  8  show  the  general  colorimetric  characteristics 
of  the  three  standard  glasses  used  in  the  author’s  laboratory  for 
photometric  checking.  If  desired,  the  numerical  specifications 
of  the  color  may  be  calculated  in  terms  of  trichromatic  and/or 
monochromatic  values  (79).  Hardy’s  handbook  which  incor¬ 
porates  the  1931  I.C.I.  recommendations,  is  the  standard  refer¬ 
ence  work  for  calculating  numerical  specifications  from  spectro- 
photometric  curves  in  terms  of  the  standard  illuminants  A,  B, 
or  C  (28).  A  calculator  (78)  greatly  facilitates  the  work.  Table 
I  gives  these  numerical  values,  as  computed  by  the  author,  for  the 
three  glasses  whose  curves  are  shown  in  Figure  8.  The  values  are 
for  illuminant  C,  using  30  selected  ordinates.  As  a  matter  of 
interest,  there  are  included  the  values  (converted  to  percentages) 
for  the  U.  S.  flag,  as  specified  by  the  Federal  Specifications  Execu¬ 
tive  Committee  on  Color. 

Chemical  publications  thus  far  contain  few  such  data,  but  this 
kind  of  information  is  coming  into  use  in  general  specification 
work  (2,  28,  52,  60).  Related  to  this  type  of  application  is  the 
suggestion  for  methods  for  computing  the  formulation  of  colorants 
needed  to  effect  a  visual  color  match  of  a  given  standard  from 
spectropho  tome  trie  measurements  of  the  colorants  and  the 
standard  (59). 
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Bearing  Corrosion  Characteristics  of  Lubricating  Oils 

Indiana  Stirring  Corrosion  Test 

C.  M.  LOANE  AND  J.  W.  GAYNOR,  The  Standard  Oil  Company  (Indiana),  Whiting,  Ind. 


ji|k  IUMEROUS  laboratory  bearing  corrosion  test  methods  have 
1^  been  reported  in  the  literature,  but  are  of  basic  value  only 
in  so  far  as  they  predict  service  performance  or  help  explain  the 
nature  or  mechanism  of  the  bearing  corrosion  phenomenon. 
Actual  correlation  with  service  is  practically  impossible  to  estab¬ 
lish,  since  some  very  bad  (by  accelerated  tests)  oils  cause  cor¬ 
rosion  only  in  exceptionally  severe  service,  and,  infrequently, 
even  very  good  oils  cause  corrosion  in  service  under  abnormal, 
but  not  necessarily  severe,  conditions.  The  only  practical  cor¬ 
relation  is  that  between  laboratory  tests  and  standard  accelerated 
engine  tests. 

The  present  study  is  limited  to  a  comparison  of  laboratory 
corrosion  test  results  with  Chevrolet  36-hour  test  results.  Of 
interest  comparable  to  the  correlation  established  between  the 
laboratory  and  Chevrolet  tests  is  the  demonstration  of  the 
enormous  effect,  specific  to  certain  oils,  of  the  several  catalysts 
used. 


Table  I.  Laboratory  Bearing  Corrosion  Test  Methods 

Stirring  Testa  Air  Blowing  Tests  Circulating  Oil  Test 


Caterpillar  corrosion  test®  Continental  test  (1 4)  Underwood  test  (11) 
Indiana  stirring  test  (4)  Sohio  test  ( 1 ) 

MacCoull  test  (8)  Shell  existent  corro¬ 

sion  test  (IS) 

Shell  thrust  corrosion  test  (10) 

Shell  corrosion  and  stability 
test  (13) 

a  This  is  not  a  "stirring”  test  in  the  same  sense  as  the  other  four  tests. 
Instead  of  rapid  stirring,  it  provides  for  stirring  at  60  r.p.m.,  sufficient  to 
keep  the  oil  circulating. 


multiunit  aluminum  block  bath,  similar  to  the  MacCoull 
apparatus,  being  used  instead  of  the  original  oil  bath  unit.  A 
smaller,  more  versatile,  aluminum  block  unit  has  also  been  used 
for  varying  stirring  speed  and  temperature.  Figure  1  shows  the 
general  appearance  of  these  units.  The  smaller  bath  provides 
stirring  speeds  in  convenient  steps  from  100  to  5000  r.p.m. 

The  test  beaker  used  is  a  500-cc.  tail-form  beaker  as  in  the 
original  stirring  oxidation  test.  However,  no  varnish  rods  are 
used;  and  the  iron  and  copper  catalysts  of  the  Indiana  stirring 
oxidation  test  have  been  replaced  by  3  X  1cm.  strips  of  (a)  lead, 
(6)  copper-lead,  bearing  (flat  bearing  stock,  Cu-Pb  on  steel,  from 
the  Cleveland  Graphite  Bronze  Co.,  Cleveland,  Ohio),  and  (c) 
copper,  suspended  from  a  three-pronged,  iron  wire  support.  The 
beaker  assembly  is  shown  in  Figure  2.  The  metal  strips  serve 
the  dual  purpose  of  catalyzing  the  oil  oxidation  and  of  providing, 
by  their  own  weight  loss,  a  measure  of  the  corrosiveness  of  the 
oil.  The  wire  support  holds  the  strips  with  one  side  very  close 
to  the  side  of  the  beaker  when  the  oil  is  at  rest.  However,  during 
the  test  the  swirling  oil  pulls  them  toward  the  center  of  the 
beaker,  so  that  all  parts  of  the  strips  are  in  contact  with  rapidly 
moving  oil.  Aeration  by  stirring  at  1300  r.p.m.  with  a  glass 
stirrer  (two  blades,  rounded,  2X2  cm.,  at  40°  pitch)  remains  the 
same  as  in  the  original  Indiana  stirring  oxidation  test. 

Test  Conditions.  Although  the  Indiana  stirring  corrosion 
test  has  been  studied  over  a  range  of  temperatures  and  stirring 
speeds,  the  present  work  is  almost  entirely  limited  to  operation 
of  the  test  at  300°  F.  and  1300  r.p.m.  It  was  found  early  in 
the  investigation  that,  when  the  temperature  was  increased 
much  over  300°  F.,  some  oils  that  showed  low  corrosion  losses 
in  the  Chevrolet  36-hour  test  were  highly  corrosive  in  the  labora¬ 
tory  test.  For  this  reason  it  has  been  considered  more  signifi¬ 
cant  to  accelerate  corrosion  by  the  addition  of  catalysts  than 
by  abnormal  temperature  conditions;  1300  r.p.m.  represents  a 
compromise  between  the  desirable  feature  of  more  rapid  oxidation 
(and  corrosion)  at  higher  stirring  speeds  and  the  impracticability 
of  the  higher  stirring  speeds  due  to  splashing  of  the  oil  in  the  open 
beaker  used. 


INDIANA  STIRRING  CORROSION  TEST  METHOD 

Apparatus.  The  apparatus  used  for  the  test 
is  essentially  the  same  as  the  original  Indiana 
stirring  oxidation  test  apparatus  (4).  The  me¬ 
chanical  setup  has  been  improved  considerably,  a 


Figure  1.  Indiana  Stirring  Corrosion  Test  Apparatus 
Aluminum  blocks  and  stirring  rigs 


The  various  laboratory  bearing  corrosion  tests  are  character¬ 
ized  by  the  type  of  apparatus  used  and  the  test  conditions 
selected.  Based  on  type  of  apparatus,  the  more  prominent  tests 
may  be  classified  roughly  into  three  groups  as  shown  in  Table  I. 

The  merit  of  rapid  stirring,  providing  thorough  and  intimate 
mixing  of  air  and  oil,  has  been  recognized  in  four  of 
these  stirring  tests.  Moreover,  there  are  other 
miscellaneous  advantages  in  this  type  of  test.  It 
is  readily  adapted  to  being  run  in  the  multiunit 
type  of  apparatus,  the  parts  are  readily  removed 
and  easily  cleaned,  and  it  is  suitable  for  uniformly 
suspending  powdered  catalysts. 

In  this  work,  a  modification  of  the  Indiana  stir¬ 
ring  oxidation  test  has  been  used.  No  special 
merit  is  claimed  for  this  method  over  the  other 
stirring-type  tests,  except  perhaps  in  simplicity.  It 
would  be  desirable  if,  from  the  variety  of  stirring- 
type  tests  available,  one  test  would  ultimately 
emerge,  incorporating  the  best,  but  only  the  essen¬ 
tial,  features  of  each  method.  The  present  study 
is  concerned  not  so  much  with  the  test  method  as 
with  the  conditions  under  which  the  test  is  run, 

:  particularly  as  regards  catalysts  used.  Some 
attention  is  also  given  to  the  nature  of  the  bear¬ 
ing  metal  test  strips  used. 


The  standard  test  conditions  for  the  Indiana  stirring  corrosion 
test  in  the  present  study  are  summarized  in  Table  II. 

Test  results  are  generally  expressed  as  hours  elapsed  until 
33  mg.  per  sq.  cm.  of  lead  corrosion  occurs.  It  is  believed  that 
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Figure  2.  Indiana  Stirring  Corrosion  Test  Apparatus 
Beaker,  test  strips,  and  stirrer 


results  expressed  in  this  way  are  of  much  more  significance  than 
results  expressed  as  amount  of  corrosion  at  a  given  time,  because 
of  the  autocatalytic  nature  of  lead  corrosion  in  most  of  the  tests. 
An  unfortunate  choice  of  a  definite  time  duration  for  the  test 
might  well  show  one  oil  ten  times  as  good  as  another,  whereas  the 
true  comparison  would  show  perhaps  a  10%  difference  (for  shape 
of  time-corrosion  curves,  see  Figure  3).  The  time  for  33  mg.  of 
lead  loss  per  sq.  cm.  of  surface  was  chosen  as  a  criterion  because 
at  this  time  the  induction  period  is  definitely  over  and  the  period 
of  rapid  corrosion  has  been  reached  (if  such  autocatalytic  behavior 
is  characteristic  of  the  oil  being  tested). 

Although  the  copper-lead  and  copper  strips  were  weighed 
periodically  just  as  were  the  lead  strips,  no  results  are  reported 
on  the  corrosion  of  these  strips.  In  almost  all  cases  their  losses 
were  negligible. 


Table  II.  ISC  Test  Conditions 

Sample,  250  cc.  of  oil  in  a  500-cc.  tail-form  beaker 
Temperature,  300°  F. 

Aeration,  stirring  at  1300  r.p.m.  with  a  glass  stirrer  (two  blades,  rounded, 
2X2  cm.,  at  a  40°  pitch) 

Catalyst,  3X1  cm.  strips  of  Pb,  Cu-Pb,  Cu,  plus  various  powdered  catalysts 
Test  strips,  identical  with  metal  catalyst  strips 

Duration,  100  hours,  or  until  the  lead  strip  has  lost  33  mg.  per  sq.  cm.  of 
surface 


Table  III.  Oils  Used  in  Indiana  Stirring  Corrosion  Tests 

Chevrolet  36- 
Hour  Test 
Results", 
Grams  of  Cu- 
Pb  Loss  per 
Whole  Bear- 


Designation  Description  ing 

Oil  1  A  solvent-extracted  M.C.  30  grade  oil  +  a  deter-  1 . 9 

gent  type,  phosphorus-containing  additive 
(blended  oil,  0.042%  P) 

Oil  2  No.  1  plus  an  aromatic  amine  inhibitor  0,5 

Oil  3  No.  1  plus  a  sulfurized  hydrocarbon  (blended  oil,  0.2-1.3  6 
0.075%  added  S) 

Oil  4  No.  1  plus  a  sulfurized  hydrocarbon  (blended  oil,  0.2 

0.15%  added  S) 

Oil  5  Commercially  available  H.D.  oil,  extremely  stable  0 . 1 

toward  bearing  corrosion 

B-l  Cooperative  test  oil  0.7 

B-3  Cooperative  test  oil  0.5 


°  Indiana  results  on  all  oils  are  shown.  In  every  case,  a  number  of  closely 
checking  values  have  been  obtained  or  results  have  been  duplicated  in  other 
laboratories.  Results  on  B-l  and  B-3  are  very  close  to  averages  of  coopera¬ 
tive  test  results  (9). 

6  In  the  Chevrolet  test  this  oil  shows  an  induction  period  followed  by  a 
rapid  increase  in  corrosion  rate.  Depending  on  inherent  variations  in 
severity  of  test,  induction  period  may  end  before  or  after  36  hours. 


tests  unless  a  high  temperature — e.g.,  in  the  neighborhood  of 
350°  F. — or  severe  rubbing  of  the  strips  is  one  of  the  test 
conditions. 

Copper  strips  show  appreciable  weight  losses  only  when  special 
conditions  exist,  such  as  when  the  oil  is  oxidizing  extremely  rap- 


TEST  OILS  USED 

The  seven  oils  chosen  for  the  investigation  of 
the  effect  of  different  catalysts  are  described  in 
Table  III,  with  Chevrolet  36-hour  test  results  on 
these  oils.  The  seven  oils  represent  a  wide 
variety  of  additives  and  give  Chevrolet  test 
corrosion  results  ranging  from  very  poor  to  very 
good.  The  present  study  was  limited  to  additive- 
containing  oils,  since  the  relation  between 
catalyst  and  additive  is  of  special  interest. 

In  addition  to  running  the  seven  oils  under  a 
variety  of  conditions,  a  more  extensive  series  of 
oils  (D  series  of  cooperative  test  oils)  was  run 
under  the  optimum  conditions  found. 

SIGNIFICANCE  OF  CHOICE  OF  LEAD  AS  TEST  STRIP 

In  the  variety  of  bearing  corrosion  tests  availa¬ 
ble,  lead,  copper-lead,  copper,  and  cadmium- 
silver  test  strips  have  all  been  used  for  evaluat¬ 
ing  the  corrosive  tendencies  of  oils — in  most 
cases  meaning  their  corrosiveness  toward  copper- 
lead  bearings.  It  is  the  authors’  experience  that 
in  a  test  where  the  bearings  are  not  rubbed,  the 
corrosion  of  lead  strips  is  of  more  significance 
with  respect  to  the  corrosion  of  copper-lead  bear¬ 
ings  in  the  engine  than  is  the  corrosion  of  copper- 
lead,  copper,  or  cadmium-silver  strips. 

Copper-lead  bearing  strips,  offhand,  would 
seem  the  most  logical  test  strips  for  use  in  a 
laboratory  test  to  predict  copper-lead  bearing 
corrosion  in  the  engine.  However,  it  is  common 
experience  that  it  is  extremely  difficult  to  cause 
extensive  copper-lead  corrosion  in  laboratory 


Figure  3.  Indiana  Stirring  Corrosion  Tests 

Time-corrosion  curves 


February,  1945 


ANALYTICAL  EDITION 


91 


Figure  4.  Comparison  of  Strip  Losses  with  Copper-Lead  Bearing  Losses 
Chevrolet  36-hour  test,  oil  1 


idly,  and  usually  then  only  at  high  temperatures;  when  the  oil 
contains  very  active  sulfur,  and,  again,  high  temperatures  exist, 
and  at  low  temperatures  in  the  presence  of  water  (in  the  liquid 
phase).  None  of  these  conditions  are  representative  of  the  cor¬ 
rosion  that  ordinarily  occurs  in  the  Chevrolet  36-hour  test. 

Cadmium-silver  bearings  corrode  rapidly  when  the  oil  reaches 
the  stage  of  rapid  oxidation.  Results  on  cadmium-silver  cor¬ 
rosion  do  not  reflect  any  of  the  specific  corrosive  effects  some  ad- 


of  the  suspended  solids  in  crankcase  drainings,  it 
has  seemed  logical  to  examine  carefully  the  effect  of 
crankcase  catalyst  and  its  probable  constituents  on 
bearing  corrosion. 

Practically  all  the  metal  catalysts  present  in  engine 
tests  are  originally  present  in  solid  form.  These 
catalysts  become  soluble  in  the  oil  as  a  result  of  their 
reaction  with  oxidized  oil  or  with  additives  in  the  oil. 
Generally,  the  oil-soluble  compounds  of  the  metals, 
mole  for  mole,  are  much  more  active  catalytically 
than  the  originally  occurring  insoluble  form.  A  large 
part  of  the  oxidation  (and  corrosion)  inhibiting  prop¬ 
erties  of  a  particular  oil  may  reside  in  the  oil’s  effec¬ 
tiveness  in  preventing  the  solid  catalysts  from  chang¬ 
ing  to  an  oil-soluble  form.  Davis  (2)  reported  that 
the  extent  of  bearing  corrosion  in  engine  tests  corre¬ 
lates  reasonably  well  with  the  oil-soluble  lead  con¬ 
tent  of  the  used  oil,  showing  that  the  oils  which 
protected  the  bearings  from  corrosion  likewise  pre¬ 
vented  the  formation  of  high  concentration  of  oil- 
soluble  lead  salts. 

Early  in  the  present  study,  tests  were  run  using 
iron  and  lead  naphthenates  as  catalysts.  It  was 
noted  in  the  case  of  one  oil  that  the  corrosion  rate  with  0.01  %  iron 
(added  to  the  oil  as  iron  naphthenate)  was  just  about  3  times  as 
rapid  as  with  0.01%  lead  (added  to  the  oil  as  lead  naphthenate). 
This  difference  corresponded  to  the  amounts  of  the  naphthenates 
actually  used,  since  the  iron  naphthenate  analyzed  10%  iron 
and  the  lead  naphthenate  30%  lead.  This  suggested  that  the 
acid  radical  instead  of  the  metal  was  controlling  the  corrosion 
rate.  Tests  using  free  naphthenic  acids  showed  this  to  be  the 


ditives  show  toward  copper-lead  bearings.  Moreover,  Living¬ 
ston  (7)  and  Waters  (12)  have  shown  that  cadmium-silver  bear¬ 
ings  respond  entirely  differently  than  copper-lead  bearings  to 
corrosive  oils  over  the  temperature  range  of  200°  to  300°  F. 

Lead  strip  corrosion  in  laboratory  tests  is  due  either  to  oil 
oxidation  or  to  the  specific  effect  of  additives.  It  is  generally 
believed  that  almost  invariably  copper-lead  corrosion  in  the 
; engine  is  due  to  selective  removal  of  lead.  Larsen  ( 5 )  has  shown 
how  thin  platings  of  lead  may  be  used  for  determining  whether 
an  oil,  “as  is”,  is  corrosive.  Lead  sometimes  forms  protective 
i  films  in  laboratory  tests  which  may  make  the  oil  appear  unduly 
stable,  but  it  is  less  subject  to  such  film  formation  than  are  the 
other  types  of  test  strips. 

As  evidence  that  lead  strips  are  most  suitable  for  use  in  labo¬ 
ratory  tests,  where  no  mechanical  rubbing  of  the  bearing  occurs, 
the  following  tests  are  cited.  Four  oils  were  run  in  the  Chevrolet 
36-hour  test  with  small  strips  (3X1  cm.)  of  each  of  the  four 
bearing  metals  wired  in  the  crankcase.  The  bearing  weight 
losses  and  the  strip  losses  were  obtained  periodically.  Results 
are  summarized  in  Table  IV  and  in  Figure  4.  Generally  only 
the  lead  strips  showed  appreciable  losses  and  these  losses  reason¬ 
ably  paralleled  those  of  the  copper-lead  bearing. 

It  is  realized  that  the  above  data  were  obtained  with  a  limited 
number  of  oils  and  might  not  represent  an  accurate  picture  if  a 
wider  variety  of  oils  were  included.  As  far  as  it  goes,  it  is  very 
strong  evidence  that  lead  test  specimens  should  be  used  in  a 
laboratory  test  where  the  bearing  is  not  mechanically  rubbed. 
Thus,  if  it  is  possible  to  oxidize  the  oil  in  a  laboratory  test  cor¬ 
responding  to  the  way  it  oxidizes  in  the  engine,  the  lead  losses 
in  the  laboratory  test  will  predict  copper-lead  bearing  losses  in 
the  engine. 


case  and  that  the  corrosion  rate  was  almost  directly  proportional 
to  the  concentration  of  naphthenic  acid.  These  results  were 
obtained  on  only  one  type  of  oil  but  are  sufficient  to  show  that 
metal  naphthenates  are  not  suitable  catalysts  for  all  oils. 

For  the  above  reasons,  attention  has  been  centered  on  solid 
catalysts  in  the  present  work  rather  than  on  oil-soluble  catalysts. 
The  specific  effect  of  some  of  these  catalysts  on  certain  oils  is 
amazing. 


Table  IV.  (Extended)  Chevrolet  36-Hour  Tests 


(Comparison  of  metal  strip  corrosion  losses  with  Cu-Pb  bearing  corrosion 

losses) 

. - Corrosion  Loss - ■ 


Period 

Cu-Pb 

Test  Strips 

Oil 

of  Test 

bearing 

Pb 

Cu-Pb 

Cu 

Cd-Ag 

Hours 

Mg./sq. 

cm.  of  surface 

No.  3 

0-8 

1.6 

(5.7)“ 

0.4 

0.0 

0.3 

8-16 

0.7 

0.0 

0.0 

0.2 

10-32 

2.7 

2.0 

0.1 

0.1 

0.3 

32-36 

3.0 

4.5 

0.2 

0,1 

0.3 

36-44 

3.9 

6.0 

0.0 

0.0 

0.2 

B-l 

0-  8 

1.4 

1.2 

0.3 

0.0 

0.5 

8-16 

2.7 

4.1 

0.2 

0.0 

0.1 

16-24 

2.9 

5.8 

0.6 

0.1 

0.2 

24-32 

1.6 

b 

1.8 

0.0 

0.5 

32-36 

0.5 

b 

0.9 

0.1 

0.2 

Similar  to  No.  1,  but 

0-10 

20.0 

33 

5.0 

0.7 

S.A.E.  20  grade 

10-20 

2.9 

30 

6.3 

0.7 

20-30 

4.1 

12 

1.6 

0.5 

30-40 

2.5 

8 

3.3 

1.3 

40-50 

3.2 

11 

3.0 

0.3 

50-60 

2.7 

11 

2.6 

1.3 

°  Weight  not  taken  at  8  hours; 

6.7  mg. 

is  weight  loss  0  to  16  hours. 

6  Pb  strip  out,  mechanically  battered. 


EFFECT  OF  SOLID  CATALYSTS 

In  the  majority  of  the  bearing  corrosion  tests  described  in  the 
literature,  no  catalysts  other  than  metal  surfaces  are  used.  Some 
work  has  been  done  with  metal  naphthenates  as  catalysts,  but 
results  have  been  inconclusive.  In  the  light  of  the  recent  work 
reported  by  Larsen  ( 6 ),  showing  the  enormous  catalytic  effect 


Crankcase  Catalysts.  Offhand,  it  would  seem  that  crank¬ 
case  catalyst  would  be  ideal  for  laboratory  tests.  However,  it 
cannot  be  isolated  as  it  originally  occurs  in  the  engine,  but  is 
obtained  after  alteration  to  some  unknown  extent  by  reaction 
with  the  oil  during  running  in  the  engine.  This  may  not  be  a 
serious  objection,  but  in  any  case  it  would  be  preferable  to  use  a 
catalyst  of  definite  chemical  composition,  containing  only  those 
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Table  V.  Effect  of  Crankcase  Catalyst 


A 

B 

Chevrolet  36-Hour 

No  Catalyst 

0.5% 

Test,  Grams  of  Cu- 

(Other  than 

Crankcase 

Pb  Loss  per  Whole 

Oil 

Test  Strips) 

Catalyst 

Bearing 

Hours  for  S3  mg. 

per  sq.  cm.  Pb  loss 

No.  5 

100  + 

100  + 

0.1 

No.  4 

83 

100  + 

0.2 

No.  2 

52 

14 

0.5 

B-3 

78 

32 

0.5 

B-l 

100  + 

16 

0.7 

No.  1 

62 

19 

1.9 

No.  3 

81 

80 

0.2-1. 3 

constituents  which  have  a  major  catalytic  effect  on  corrosion. 
Preceding  work  of  this  kind,  tests  were  first  made  using  crankcase 
catalyst. 

Crankcase  catalyst  was  separated  from  the  crankcase  drainings 
from  a  Chevrolet  36-hour  test  on  uninhibited,  solvent-extracted, 
M.C.  30  grade  oil  by  centrifuging  and  washing  the  precipitated 
solids  with  hexane.  It  contained  approximately  45%  lead  and 
2%  iron. 

Indiana  stirring  corrosion  tests  were  made  on  the  seven  test 
oils  containing  0.5%  of  the  above  catalyst.  Results  are  shown 
in  Table  V,  along  with  results  obtained  using  no  catalyst  other 
than  the  metal  test  strips.  In  this  and  subsequent  tables  on 
the  effect  of  different  catalysts,  the  oils  are  arranged  in  order  of 
increasing  corrosion  in  the  Chevrolet  36-hour  test.  Oil  3,  giving 
variable  results  in  the  Chevrolet  test,  has  no  definite  place  in 
the  series  and  is  listed  at  the  bottom  of  the  table.  For  perfect 
correlation  with  the  Chevrolet  test,  the  Indiana  stirring  corrosion 
test  results  should  be  highest  for  the  first  oil  in  the  series  and 
should  show  decreasing  values  going  from  the  top  to  the  bottom 
of  the  table. 


Figure  5.  Effect  of  Concentration  of 
Lead  Oxide  on  a  Detergent  Oil  with 
and  without  Sulfurized  Saponifiable 
Additive 

Comparing  the  A  and  B  series  of  results,  it  is  evident  that  0.5% 
crankcase  catalyst  accelerated  corrosion  in  the  case  of  oils  1,  2, 
B-l,  and  B-3.  It  did  not  effect  No.  3  (containing  the  lower 
concentration  of  sulfurized  hydrocarbon)  and  actually  stabilized 
No.  4  (containing  the  higher  concentration  of  sulfurized  hydro¬ 
carbon).  Oil  5  was  too  stable  in  both  tests  to  make  comparisons. 
Evidently  the  sulfurized  hydrocarbon  is  a  more  effective  de¬ 
activator  of  crankcase  catalyst  than  the  aromatic  amine  (oil  2) 
or  the  inhibitors  in  B-l  and  B-3. 

Obviously  the  test  using  0.5%  crankcase  catalyst  does  not  line 
up  satisfactorily  with  Chevrolet  36-hour  tests.  This  indicates 
that  the  use  of  0.5%  crankcase  catalyst  does  not  present  a  com¬ 
plete  picture  of  the  catalytic  activity  in  Chevrolet  tests.  It  is 
entirely  possible  that  better  correlation  would  be  obtai  ned  if  the 
concentration  of  crankcase  catalyst  and  the  temperature  were 


studied  over  a  wide  range.  However,  it  was  considered  more 
profitable  first  to  investigate  the  catalytic  effect  of  typical  com¬ 
ponents  of  crankcase  catalyst. 

Larsen  (6)  studied  the  catalytic  effect  of  such  components  and 
reported  that  small  amounts  of  iron  halides  were  outstanding  in 
their  catalytic  effect.  This  study,  however,  was  made  on  un¬ 
inhibited  oil  and  thus  the  relation  between  additives  and  catalysts 
was  not  brought  out.  The  importance  of  this  combination  effect 
is  clearly  shown  below. 

The  choice  of  the  individual  catalysts  and  their  concentrations 
in  the  following  tests  was  based  on  general  background,  on  crank¬ 
case  catalyst,  and  used  oil  analyses.  The  principal  metal  catalysts 
in  used  oils  from  the  Chevrolet  test  are  iron  and  lead.  The  latter 
is  present  in  high  concentrations,  owing  to  contamination  of  the 
oil  by  blow-by  decomposition  products  from  the  fuel.  The  crank¬ 
case  drainings  from  a  number  of  Chevrolet  36-hour  tests  have 
shown  in  the  neighborhood  of  0.5%  total  lead.  The  lead  is 
thought  to  appear  originally  in  the  oil  as  lead  oxide,  halide,  and 
sulfate. 

Inorganic  Iron  Catalysts.  Indiana  stirring  corrosion  test 
results  in  the  presence  of  two  concentrations  of  reduced  iron 
powder,  and  two  concentrations  of  ferric  chloride  are  summarized 
in  Table  VI. 

The  iron  powder  has  no  effect  or  a  slightly  beneficial  effect 
with  all  oils  except  B-3,  in  which  case  it  has  a  mild  catalytic 
effect.  Obviously,  the  use  of  iron  powder  in  the  Indiana  stirring 
corrosion  tests  is  no  improvement  as  far  as  correlation  with  the 
Chevrolet  tests  is  concerned. 

The  lower  concentration  of  ferric  chloride  (series  E)  has  a  pro¬ 
nounced  catalytic  effect  on  B-l  and  B-3,  a  somewhat  lesser  effect 
on  oils  1  and  2,  and  no  effect  on  oil  5  nor  on  the  two  oils  con¬ 
taining  sulfurized  hydrocarbon.  Increasing  the  concentration 
of  ferric  chloride  tenfold  lowers  the  stability  of  the  three  oils 
previously  not  affected,  and  increases  the  stability  of  the  othei 
oils  (excepting  oil  2).  Neither  the  E  nor  F  series  of  results  comes 
close  to  satisfactory  correlation  with  the  Chevrolet  test  results. 
It  is  extremely  doubtful  if  the  concentration  of  active  iron  catalyst 
ever  approaches  the  0.1  %  concentration  used  in  series  F. 

The  positive  catalytic  effect  of  ferric  chloride  in  most  of  the 
above  tests  qualitatively  checks  Larsen’s  results  ( 6 ),  but  the 
effect  of  ferric  chloride  on  additive-containing  oils  is  not  nearly  sc 
great  as  he  found  for  uninhibited  oils.  The  unexpected,  increased 
stability  observed  with  oils  B-l  and  B-3  when  the  ferric  chloride 
concentration  was  increased  tenfold  demonstrates  the  com¬ 
plexity  of  the  corrosion  phenomenon  and  emphasizes  the  cautior 
that  must  be  exercised  in  interpreting  any  one  set  of  test  results. 

Inorganic  Lead  Catalysts.  Previous  to  the  present  study 
a  number  of  tests  had  been  made,  using  powdered  lead  oxide  as 
catalyst.  This  work  was  suggested  by  the  seemingly  anomalous 
results  obtained  with  two  oils  in  the  Chevrolet  36-hour  test  anc 
in  the  G.M.  Diesel  500-hour  test.  These  results  are  shown  ii 
Table  VII. 

Thus  the  addition  of  the  sulfur-saponifiable  additive  to  oil  1 
greatly  improves  the  Chevrolet  performance  but  accelerates 
corrosion  in  the  Diesel  test.  These  data,  incidentally,  illustrate 
the  futility  of  trying  to  develop  a  single  laboratory  test  for  pre 


Table  VI.  Effect  of  Inorganic  Iron  Catalysts 


A 

C 

D 

E 

F 

Chevrolet  36- 
Hour  Test, 

No  Catalyst 

0.1% 

1.0% 

0.01% 

0.10% 

Grams  of  Cu- 

(Other  than 

Fe 

Fe 

Fe  (as 

Fe  (as 

Pb  Loss  per 

OU 

Test  Strips) 

Powder 

Powder 

FeCli) 

FeCl.) 

Whole  Bearini 

No.  5 

Hours  for  S3  mg. 

10C++  100  + 

.  per  sq. 

100  + 

cm.  Pb  loss 

100  + 

86 

0.1 

No.  4 

83 

88 

100  + 

100  + 

64 

0.2 

No.  2 

52 

67 

67 

38 

27 

0.5 

B-3 

78 

62 

55 

16 

70 

0.5 

B-l 

100  + 

80  + 

100  + 

11 

90 

0.7 

No.  1 

62 

67 

95 

37 

45 

1.9 

No.  3 

81 

78 

76 

75 

41 

0.2-1. 3 
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Table  VII.  Comparative  Tests 

(Comparison  of  Chevrolet  36-hour  test  bearing  corrosion  with  G.M.  Diesel 
500-hour  test  bearing  corrosion) 

Cu-Pb  Loss  per  Whole  Bearing  (Rod  Bearing) 


Chevrolet 

G.M.  Diesel 

Oil 

36-hour  test 

500-hour  test 

Grams 

Gram 

No.  1 

1.9 

0.1 

No.  1 

plus  sulfur- 

0.3 

0.6  (48  hours,  test 

saponifiable  additive 
(0.2%  added  S) 

discontinued) 

Table  VIII. 

Effect  of  Inorganic  Lead  Catalysts 

Chevrolet  36- 

A 

Hour  Test, 

No  Catalyst 

G 

H 

i 

Grams  of  Cu- 

(Other  than 

0.28%  Pb  0.28%  Pb 

0.56%  Pb 

Pb  Loss  per 

Oil 

Test  Strips) 

(as  PbCL)  (as  PbO) 

(as  PbO) 

Whole  Bearing 

Hours  for  S3  mg.  per  sq. 

cm.  Pb  loss 

No.  6 

100  + 

100  + 

56 

100  + 

0.1 

No.  4 

83 

100  + 

79 

76 

0.2 

No.  2 

52 

50 

27 

71 

0.5 

B-3 

79 

66 

36 

49 

0.5 

B-l 

100  + 

91 

30 

35 

0.7 

No.  1 

62 

87 

18 

23 

1.9 

No.  3 

81 

100  + 

63 

37 

0.2-1. 3 

dieting  bearing  corrosion  in  more  than  one  type  of  engine  test. 
Although  there  is  a  50°  F.  difference  between  the  sump  temper¬ 
atures  in  the  two  tests,  other  considerations  indicated  that  the 
differences  in  performance  were  mainly  due  to  the  presence  of 
lead  catalysts  from  the  fuel  in  the  Chevrolet  test  and  their  ab¬ 
sence  in  the  Diesel  tests. 


The  catalytic  effect  of  0.28%  lead  (as  lead  chloride)  is  relatively 
mild.  It  causes  a  slight  increase  in  stability  in  the  case  of  several 
oils  and  a  slight  decrease  with  others.  Use  of  this  catalyst  shows 
little  promise  of  causing  the  Indiana  stirring  corrosion  test  results 
to  correlate  with  the  Chevrolet  test  results. 

The  presence  of  0.28%  lead  (as  lead  oxide)  (H  series  of  tests) 
causes  a  marked  lowering  of  stability  against  corrosion  for  all 
oils  except  those  containing  the  sulfurized  hydrocarbon  (Nos. 
3  and  4).  The  correlation  of  the  H  series  of  results  with  the 
Chevrolet  results  is  satisfactory  with  the  following  exceptions: 
the  beneficial  effect  of  the  aromatic  amine  in  oil  2  is  not  so  pro¬ 
nounced  as  would  be  expected  from  engine  tests,  and  the  induction 
period  for  oil  5  is  somewhat  low. 

Doubling  the  concentration  of  lead  (I  series  of  tests),  gives  very 
interesting  results.  Oil  1  shows  a  slight  increase  in  stability,  as 
would  be  expected  from  previous  tests.  Oil  2  more  than  doubles 
in  stability,  the  beneficial  effect  of  the  amine  inhibitor  apparently 
increasing  with  increasing  concentrations  of  lead  oxide.  Oil  3 
shows  a  sharp  drop  in  stability.  This  is  not  surprising  since  the 
lead  concentration  has  been  increased  beyond  the  amount 
theoretically  equivalent  to  the  sulfur  (0.075%)  present  due  to 
the  sulfurized  hydrocarbon.  The  marked  variation  in  the 
stability  of  oil  3,  depending  upon  the  amount  of  lead  used  as 
catalyst,  may  well  be  the  explanation  of  the  erratic  results  ob¬ 
tained  in  the  Chevrolet  test.  Oil  4,  containing  sufficient  sulfur 
compound  to  deactivate  all  the  lead,  is  not  affected  by  the 
increase  in  catalyst.  Oil  5  shows  a  marked  increase  in  stability 
and  B-l  and  B-3  show  slight  increases  in  stability  due  to  the 
increased  concentration  of  lead  oxide. 

The  correlation  of  the  I  series  of  results  with  the  Chevrolet 
36-hour  test  is  promising.  Oil  2  is  the  only  oil  out  of  line,  showing 
too  high  a  stability.  However,  comparison  of  the  H  and  I  series 
results  indicates  that,  very  probably  at  some  intermediate  con¬ 
centration  of  lead — e.g.,  0.46%  lead  (as  lead  oxide) — this  oil 


Indiana  stirring  corrosion  tests  with  various  concentrations  of 
powdered  lead  oxide  catalyst  were  run  on  the  two  oils.  Results 
ire  shown  graphically  in  Figure  5.  In  the  absence  of  lead  oxide, 
>il  1  (S.A.E.  20  grade)  is  more  stable  than  the  oil  containing  the 
ulfur  compound.  This  is  in  accord  with  the  G.M.  Diesel  results. 
Increasing  the  concentration  of  lead  oxide  caused  a  sharp  drop  in 
stability  up  to  0.3%  lead  oxide,  followed  by  a  gradual  increase 
n  stability  as  amounts  of  lead  oxide  in  excess  of  0.3%  were  used. 
The  addition  of  increasing  amounts  of  lead  oxide  to  the  oil  con- 
aining  the  sulfur-saponifiable  additive  increased  the  stability 
gradually  over  the  whole  range  of  lead  oxide  concentrations. 
Thus,  at  concentrations  of  lead  oxide  of  0.3%  or  greater,  the  oil 
;ontaining  the  sulfur  compound  is  more  stable.  This  is  quali¬ 
tatively  in  accord  with  the  Chevrolet  test  results. 

The  minimum  stability  observed  with  oil  1  at  a  concentration 
if  0.3%  lead  oxide  proved  to  be  of  interest.  This  concentration 
>f  lead  oxide  is  just  sufficient  to  neutralize  the  dibasic  acid 
heoretically  possible  from  0.042%  phosphorus.  To  check  that 
his  behavior  was  not  a  coincidence,  similar  series  of  tests  were 
un  on  oils  containing  (a)  half  the  concentration  of  the  additive 
md  ( b )  twice  the  concentration  of  the'additive  (Figure  6).  It  is 
;vident  that  in  each  case  a  minimum  stability  was  shown  at 
hat  concentration  of  lead  oxide  sufficient  to  neutralize  completely 
he  theoretical  dibasic  acid  from  the  phosphorus  present.  In¬ 
creased  amounts  of  lead  oxide  had  a  definite  inhibiting  effect. 
Indications  of  similar  behavior  have  been  obtained  on  oils  con- 
aining  other  phosphorus-type  additives. 

To  investigate  further  the  inhibiting  effect  of  lead  oxide,  oil  1 
S.A.E.  20  grade)  was  subjected  to  the  Indiana  stirring  corrosion 
;est  (0.3%  lead  oxide  catalyst)  until  a  rapid  rate  of  lead 
corrosion  had  been  established.  Excess  lead  oxide  was 
idded  and  the  test  continued.  The  corrosion  of  the 
ead  strip  stopped  immediately  on  the  addition  of  excess 
ead  oxide  (Figure  7). 

The  above  data  shed  some  light  on  the  confusion 
vhich  has  existed  concerning  the  effect  of  leaded  fuel 
>n  bearing  corrosion,  by  illustrating  how  the  lead  from 
he  fuel  can  act  either  as  an  inhibitor  or  as  an  accel¬ 
erator  of  corrosion.  Such  behavior  has  previously 
jeen  observed  in  engine  tests  (3).  This  dual  action  is 
entirely  absent  when  lead  naphthenate  is  used  as 
|  catalyst;  corrosion  is  either  accelerated  or  not  affected, 
j  iepending  upon  whether  a  sufficiently  powerful  deac- 
ivator  of  oil-soluble  lead  is  present.  Indiana  stirring 
|  corrosion  tests  on  the  seven  test  oils  in  the  presence  of 
ead  chloride  and  in  the  presence  of  two  concentrations 
^  of  lead  oxide  are  summarized  in  Table  VIII. 


% PbO  CATALYST 

Figure  6.  Effect  of  Concentration  of  Lead 
Oxide  on  Oil  Containing  Different 
Amounts  of  Detccgent 


Figure 

Oil  similar 


7.  Corrosion-Inhibiting  Effect  of  Excess  Lead  Oxide  Catalyst 
ta  No.  1  but  S.A.E.  20  grade;  catalyst,  0.30%  lead  oxide  (addad  at  start  of  last) 
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Figure  8.  Indiana  Stirring  Corrosion  Test  Results  Plotted  against  Chevrolet  Test  Results 


would  show  a  lower  stability  without  disturbing  the  correlation 
already  satisfactory  for  the  other  six  oils. 

Lead  Oxide  Catalyst,  D  Series  of  Cooperative  Test 
Oils.  A  series  of  tests  in  the  presence  of  0.46%  lead  (as  lead 
oxide)  was  run  on  thirteen  samples  (provided  through  the 
courtesy  of  H.  R.  Wolf,  General  Motors  Corporation)  that  were 
available  from  the  recent  cooperative  Chevrolet  test  program  on 
detergent-type  oils.  Results  of  the  Indiana  stirring  corrosion 
tests  are  plotted  against  Chevrolet  test  results  in  Figure  8.  The 
Chevrolet  results  are  the  values  obtained  by  averaging  from  4  to 
6  results  obtained  at  different  laboratories  (in  a  few  cases  where 
one  result  was  far  out  of  line,  it  was  disregarded  in  compiling  the 
averages).  Oils  B-l  and  B-3  appear  in  Figure  8  under  D  number 
designations  (D  series  Chevrolet  results  used  for  these  two  oils  in 
Figure  8).  Oils  1,  2,  and  4  of  the  original  series  of  seven  reference 
oils  are  also  included  in  the  figure.  Oils  5  (supply  exhausted) 
and  3  (no  reliable  Chevrolet  value  available)  were  not  included. 

The  relations  between  the  results  are  shown  both  on  a  plain 
decimal  scale  and  on  a  logarithmic  scale.  Of  the  sixteen  oils 
included  in  the  study,  all  showed  satisfactory  correlation  between 
the  two  tests,  except 

Oil  D-8.  By  the  ISC  test,  D-8  should  have  been  borderline 
in  the  Chevrolet  test  instead  of  bad. 

Oil  D-10.  By  the  ISC  test,  D-10  should  have  been  bad  in  the 
Chevrolet  test  instead  of  borderline. 

Oil  D-5.  By  the  ISC  test,  D-5  should  have  been  exceptionally 
good  in  the  Chevrolet  test  instead  of  merely  satisfactory. 

To  those  who  have  followed  closely  previous  attempts  to  estab¬ 
lish  correlation  between  laboratory  bearing  corrosion  tests  and 
engine  tests,  the  correlation  indicated  in  Figure  8  would  appear 
remarkably  good.  In  fact,  the  lack  of  reproducibility  of  the 
Chevrolet  test  results  is  almost  sufficient  to  explain  the  devia¬ 
tions  from  the  correlation — for  example,  one  cooperating 
laboratory  reported  0.26  gram  bearing  loss  on  oil  D-8.  If  this 
result  were  used  instead  of  the  average  of  five  results,  point  D-8 
(Figure  8)  would  actually  fall  on  the  other  side  of  the  correlation 
curves. 

DISCUSSION 

Consideration  of  all  the  tests  with  the  different  catalysts  leads 
to  the  generalizations  indicated  herewith: 


The  effect  of  the  various  solid  catalysts 
varies  widely,  depending  on  the  type  of 
additive  in  the  oil.  The  catalytic  effect 
is  complicated  in  some  cases  by  chem¬ 
ical  reaction  of  the  catalyst  with  the 
additive. 

Increasing  the  amount  of  catalyst  used 
may  either  increase  or  decrease  the  bear¬ 
ing  corrosion  stability  of  various  oils,  de¬ 
pending  on  the  type  and  concentration 
of  additive  present. 

Lead  oxide  appears  to  be  a  particu¬ 
larly  appropriate  catalyst  for  use  where 
correlation  with  the  Chevrolet  36-hour 
test  is  desired.  Such  a  correlation  has 
been  established  using  0.5%  lead  oxide 
as  catalyst. 

If  the  above  tests  with  lead  oxide  are 
of  real  significance  with  respect  to  the 
Chevrolet  36-hour  test — that  is,  if  they 
do  include  the  most  important  conditions 
contributing  to  oxidation  in  the  engine — 
then  by  analogy  some  of  the  limitations 
of  the  Chevrolet  test  can  be  recognized. 

The  variations  in  the  Chevrolet  36- 
hour  test  results  which  are  frequently 
obtained  may  well  be  due  to  variations 
in  the  rate  of  addition  of  lead  catalysts 
from  the  fuel. 

Since  the  Chevrolet  test  is  extremely 
severe,  it  is  probably  true  that  oils 
which  pass  it  will  give  satisfactory  performance  in  ordinary 
heavy-duty  service  where  leaded  fuel  is  used.  Oils  which 
do  not  pass  the  Chevrolet  test  may  or  may  not  give  satis¬ 
factory  performance  in  such  service.  Oils  will  not  necessarily 
rate  in  service  in  the  same  order  as  rated  in  the  Chevrolet  test, 
since  the  catalytic  conditions,  not  to  mention  temperature,  may 
be  entirely  different. 

Oils  which  are  good  in  the  Chevrolet  test  will  not  necessarily 
be  good  in  another  type  of  engine  test,  of  apparent  equal  severity 
and  using  the  same  fuel,  since  again  the  catalytic  conditions  may 
be  entirely  different. 

Finally,  Chevrolet  bearing  corrosion  results  are  not  generally 
applicable  to  Diesel  tests,  since  nonleaded  fuels  are  used  in  the 
latter. 

Although  apparently  satisfactory  correlation  has  been  estab¬ 
lished  between  the  Indiana  stirring  corrosion  test  and  the  Chev¬ 
rolet  36-hour  test  for  several  oils,  the  test  is  not  considered  suit¬ 
able  for  infallibly  predicting  performance  of  oils  in  the  Chev¬ 
rolet  tests.  In  the  first  place,  all  the  oils  tested  contained  deter¬ 
gents.  This  limitation  minimizes  complications  due  to  protective 
film  formation  both  on  the  test  strip  in  the  beaker  and  on  the 
bearings  in  the  engine.  Practically  no  background  is  available 
on  the  performance  of  nondetergent  oils. 

Furthermore,  neither  the  Indiana  stirring  corrosion  test  nor 
any  other  beaker  test  exactly  duplicates  all  the  conditions  af¬ 
fecting  oil  performance  in  the  engine ;  and  each  oil  may  be  affected 
to  a  different  extent  by  each  of  these  conditions — for  example, 
(1)  the  continuous  addition  of  lead  catalysts  and  partially  oxi¬ 
dized  hydrocarbons  from  fuel  blow-by,  and  (2)  local  hot  spots 
which  may  either  accelerate  or  retard  (by  activation  of  certain 
inhibitors)  corrosion  are  conditions  occurring  in  the  Chevrolet 
test.  When  oils  are  encountered  where  such  conditions  have  a 
major  effect  on  the  rate  of  oxidation  (and  corrosion),  the  absence 
of  such  conditions  in  the  beaker  test  will  cause  that  particular 
oil  to  deviate  from  any  correlation  that  has  been  established  for 
other  oils. 
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Analysis  of  Wood  Sugars 
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Experimental  work  in  wood  saccharification  requires  methods  for 
the  analysis  of  reducing  sugar,  fermentable  sugars,  and  alcohol  that 
are  dependable,  simple,  rapid,  and  capable  of  being  run  in  large 
numbers.  Two  methods  were  used  for  the  determination  of  reducing 
sugars — one  an  electrometric  titration  method  and  the  other  a 
micromethod  of  Shaffer  and  Somogyi.  The  electrometric  titration 

I  method  was  used  when  it  was  desirable  to  have  a  sugar  analysis  in 
as  short  a  time  as  possible;  the  micromethod  when  large  numbers  of 

IN  STUDIES  of  wood  saccharification  it  is  necessary  to  have 
available  analytical  methods  for  the  determination  of  the 
sugars  produced,  the  amount  of  fermentable  sugars,  and  the 
amount  of  alcohol  produced  when  the  wood  sugars  are  fer¬ 
mented.  Because  wood  sugars  consist  of  mixtures  of  several 
sugars  as  well  as  dissolved  lignin,  furfural,  formic  and  acetic  acid, 
various  oils,  and  other  products  in  the  wood,  their  analysis  pre¬ 
sents  special  problems.  To  be  of  most  use  in  following  the  work, 
the  analysis  should  be  simple,  rapid,  and  capable  of  being  run  in 
large  numbers. 

Two  methods  were  used  for  the  sugar  determinations  made  at 
the  Forest  Products  Laboratory:  an  electrometric  titration 
method,  where  it  was  desirable  to  obtain  analytical  results  as 
soon  as  possible;  and  the  Shaffer  and  Somogyi  method,  where  a 
large  number  of  determinations  were  made  simultaneously  and 
small  quantities  were  involved,  but  where  it  was  not  important 
to  have  the  determinations  completed  in  a  short  time. 

Other  methods  were  studied  but  rejected  because  of  the  time 
involved,  the  difficulty  in  observing  the  end  point,  or  unreliable 
results. 

Benedict’s  volumetric  method  (3)  proved  unsatisfactory  be¬ 
cause  of  the  obscure  end  point.  A  volumetric  hypoiodite  method 
(3)  was  rapid  but  gave  results  that  were  frequently  50%  higher 
than  the  Munson- Walker  method  (3),  which,  in  turn,  gave  re¬ 
liable  results,  but  was  time-consuming.  An  attempt  was  also 
made  to  use  the  Lane  and  Eynon  volumetric  method  (I),  but 
the  color  of  the  wood  hydrolyzate  in  the  presence  of  strongly 
alkaline  Fehling’s  solution  made  it  imposssible  to  see  the  point 
at  which  the  color  of  the  methylene  blue  indicator  disappeared. 

DETERMINATION  OF  REDUCING  SUGARS  BY 
ELECTROMETRIC  TITRATION 

The  determination  of  reducing  sugars  in  wood  hydrolysis  by 
electrometric  titration  utilizes  the  titration  of  a  standard  Feh¬ 
ling’s  solution  with  reducing-sugar  solutions  as  in  the  Lane  and 
Eynon  procedure  (I)  but  avoids  the  difficulty  with  the  determina¬ 
tion  of  the  end  point.  Britton  and  Phillips  (4)  have  shown  that 


sugars  were  run  or  when  concentrations  and  quantities  available  were 
too  low  for  the  macromethods.  Fermentable  sugars  were  estimated 
by  determining  the  amount  of  sugar  sorbed  from  a  1.5  mg.  per  ml. 
solution  by  a  5.0%  yeast  suspension.  Alcohol  was  determined  by 
the  specific  gravity  method,  using  a  Westphal  balance  with  a  thermo- 
stated  container  for  the  beer  distillate.  It  was  found  that  the  surface 
tension  error  on  the  wire  supporting  the  bob  could  be  eliminated 
by  the  addition  of  a  very  small  amount  of  a  wetting  agent. 

the  electromotive  force  across  a  normal  calomel  cell  and  a  plati¬ 
num  electrode  can  be  used  to  determine  the  end  point  in  the  titra¬ 
tion  of  glucose  with  Fehling’s  solution.  In  their  experiments  the 
point  of  maximum  inflection  was  the  same  as  that  point  at  which 
methylene  blue  is  decolorized.  Because  they  worked  at  a  tem¬ 
perature  of  90°  C.,  however,  they  experienced  difficulty  with  re¬ 
oxidation  by  air,  and  the  reaction  was  slow.  In  the  Lane  and 
Eynon  procedure  all  but  1  or  2  ml.  of  the  solution  to  be  treated 
are  added  to  the  Fehling’s  solution,  the  mixture  is  brought  to  a 
boil  and  boiled  for  2  minutes,  and  the  titration  is  completed  in  a 
total  boiling  time  of  3  minutes.  Such  a  reaction  was  carried  out 
in  experiments  at  the  laboratory,  and  the  electromotive  force 
across  saturated  calomel-platinum  electrodes  immersed  in  the 
solution  was  determined.  The  values  for  the  electromotive  force 
were  plotted  against  the  volumes  of  sugar  solution  to  give  the 
curve  shown  in  Figure  1.  The  point  of  maximum  inflection 


Figure  1.  Electrometric  Titration  Curve  for  Glucose 
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Figure  2.  Electrometric  Titration  Apparatus 


( —  550  millivolts)  was  found  to  agree  with  the  end  point  obtained 
with  methylene  blue  when  pure  glucose  solutions  were  used. 

The  reducing  sugar  content  of  dark-colored  solutions  may 
therefore  be  determined  in  the  manner  described  by  Lane  and 
Eynon,  except  that  the  end  point  is  determined  electrometri- 
cally.  This  requires  no  more  time  than  the  original  method  in 
which  an  internal  indicator  is  used,  because  the  potentiometer 
readings  may  easily  be  taken  in  the  intervals  between  additions 
of  the  sugar  solution. 

A  more  rapid  method  than  this  has  been  developed  in  which  it 
is  not  required  to  clean  and  refill  the  buret  for  each  determination 
nor  to  make  an  accurate  dilution  of  the  sample  if  the  concentra¬ 
tion  is  below  12  grams  per  100  ml. 

The  apparatus  for  this  determination  is  shown  in  Figure  2. 
The  buret  is  arranged  for  automatic  filling  with  a  5-mg.  per  ml. 
solution  of  glucose.  Calomel  and  platinum  electrodes  are  held 
firmly  in  place  by  the  rubber  stopper.  After  each  determination, 
the  ground-glass  plug  in  the  calomel  cell  is  momentarily  loosened 
to  rinse  it.  A  motor  is  provided  for  rapid  stirring.  The  titrations 
are  carried  out  in  tail-form  beakers  held  to  the  stopper  by  means 
of  springs.  A  blank  titration  is  made  using  25  ml.  of  Soxhlet’s 
modification  of  Fehling’s  solution.  This  amount  of  sugar  reagent 
requires  approximately  120  mg.  of  glucose.  An  estimate  is  then 
made  of  the  reducing  sugar  content  of  the  unknown  sample. 
This  can  be  conveniently  done  with  wood  sugars  by  multiplying 
the  degrees  Brix  by  0.7.  A  volume  of  the  unknown  solution  con¬ 
taining  less  than  120  mg.  of  reducing  sugar  is  put  in  the  beaker 
and  diluted  to  approximately  5  mg.  of  reducing  sugar  per  milli¬ 
liter  by  the  addition  of  water.  This  addition  of  water  need  not  be 
done  precisely,  since  an  error  of  =*=5  ml.  will  result  in  an  error  of 
only  0.3%  in  the  apparent  sugar  concentration.  Fehling’s  solu¬ 
tion  is  then  added  and  the  titration  completed  with  the  standard 
glucose  solution  in  the  manner  described  by  Lane  and  Eynon,  ex¬ 
cept  that  the  end  point  is  determined  electrometrically. 

The  calculations  are  simple.  The  milligrams  of  glucose  re¬ 
quired  for  a  blank  titration  minus  the  milligrams  of  glucose  added 
in  the  standard  solution  to  complete  the  titration  divided  by  the 
milliliters  of  unknown  samples  used  equal  the  milligrams  per 
milliliter  in  the  unknown  sample. 

In  Table  I  is  shown  a  comparison  of  the  apparent  reducing 
sugar  content  in  the  first,  third,  sixth,  and  ninth  cycles  from  a 
multistage  hydrolysis  as  measured  by  the  Munson-Walker, 
electrometric  titration,  and  Shaffer  and  Somogyi  methods.  The 
Munson-Walker  and  electrometric  titration  methods  show  good 
agreement;  the  Shaffer  and  Somogyi  method  gave  lower  values. 


Effect  of  Formic  Acid  on  Electrometric  Titration  of 
Wood-Sugar  Solutions.  Kressman  (7)  found  that  formic  acid 
is  one  of  the  decomposition  products  obtained  in  wood  hydrolysis. 
When  formic  acid  was  added  in  varying  quantities  to  the  mixture 
being  titrated,  even  in  solutions  containing  equal  parts  of  sugar 
and  formic  acid  the  volume  of  glucose  solution  required  was  not 
affected,  but  it  did  affect  the  shape  of  the  titration  curve,  causing 
a  more  abrupt  break  from  the  horizontal  to  the  vertical  portion. 
The  curve  for  the  titration  of  the  wood-sugar  solutions  also  shows 
a  more  abrupt  break  than  does  pure  glucose. 

Effect  of  Calcium  on  Electrometric  Titration.  In  cer¬ 
tain  samples  of  wood  sugar  that  had  been  neutralized  with  lime 
it  was  found  that  the  sharp  breaks  characteristic  of  pure  glucose 
or  raw  wood  hydrolyzates  were  lacking.  Lane  and  Eynon  ( 8 ) 
called  attention  to  the  fact  that  calcium,  even  in  small  quantities, 
adversely  affects  this  titration,  when  methylene  blue  indicator 
is  used,  invariably  resulting  in  low  sugar  values.  A  number  of 
titrations  were  made  in  the  presence  of  calcium  to  determine  its 
effect  on  the  electrometric  titration  curve.  The  curves  are 
plotted  in  Figure  3.  Curve  1  is  the  curve  characteristic  of  pure 
glucose;  curves  2,  3,  4,  and  5  show  the  effect  of  1,  3,  5,  and  10 
parts  of  calcium  per  100  parts  of  glucose,  respectively.  These 
curves  indicate  that  calcium  must  be  removed  from  solutions  con¬ 
taining  more  than  1  %  as  much  calcium  as  glucose  before  a  satis¬ 
factory  analysis  can  be  made. 

Lane  and  Eynon  found  that  strontium  and  barium  also  inter¬ 
fere  with  the  volumetric  sugar  determination  when  methylene 
blue  is  used  as  an  internal  indicator.  This  work  confirms  their 
findings  and  explains  to  a  certain  extent  the  reason  for  their 
difficulties.  The  decoloration  of  methylene  blue  is  dependent  on 
reaching  a  certain  oxidation-reduction  potential.  Since  the 
presence  of  calcium  reduces  the  slope  of  the  electromotive  force 


Table  I.  Comparison  of  Values  for  Per  Cent  of  Reducing  Sugars  in 
Wood-Sugar  Solutions  Determined  by  Different  Methods 


Sample 

Munson-Walker 

Electrometric 

Titration 

Shaffer-Somogy 

30-Minute 

Heating 

% 

% 

% 

Untreated 

19-1 

5.77 

5.70 

5.40 

19-3 

3.48 

3.47 

3.17 

19-6 

2.31 

2.31 

2.16 

19-9 

1.82 

1.80 

1.71 

Neutralized  and 
clarified 

19-1 

5.65 

5.72 

19-3 

3.41 

3.45 

19-6 

2.26 

2.26 

19-9 

1.77 

1.74 

os  percent  Glucose  solution  (milliliters') 

Figure  3.  Effect  of  Calcium  on  Electrometric  Titration  of 
Fehling's  Solution  with  Glucose 
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vs.  sugar  curve,  it  is  apparent  that  it  must  make  the  end  point 
[ess  sharp.  It  is  also  apparent  that  if  decoloration  occurs  at  a 
point  corresponding  to  an  electromotive  force  more  negative  than 
—  500  millivolts,  the  volume  of  sugar  required  is  increased  and 
the  apparent  sugar  content  is  decreased,  since  the  curves  above 
this  point  are  shifted  to  the  right  by  the  presence  of  calcium. 
The  experience  has  been  that  the  presence  of  calcium  results  in 
low  sugar  values.  Calcium  may  be  removed  from  neutralized 
ivorts  by  shaking  the  sample  as  received  with  0.5%  of  its  weight 
if  powdered  sodium  or  potassium  oxalate  and  filtering  or  centri¬ 
fuging  out  the  precipitated  calcium  oxalate.  The  filtrate  is  then 
tested  for  calcium  with  more  oxalate.  If  no  precipitate  forms,  the 
sample  is  analyzed  in  the  usual  way.  A  moderate  excess  of 
jxalate  is  without  effect  on  the  reaction. 

The  volumetric  titration  for  reducing  sugars,  using  an  electro¬ 
metric  end  point  rather  than  the  usual  internal  indicator,  has 
foeen  used  in  approximately  3000  determinations  in  the  work  on 
wood  hydrolysis  and  found  to  be  dependable  and  very  valuable 
where  it  is  necessary  to  obtain  an  accurate  analysis  in  a  short 
time. 

DETERMINATION  OF  REDUCING  SUGARS  BY  SHAFFER  AND 
SOMOGYI  METHOD 

The  sugar  analysis  developed  by  Shaffer  and  Somogyi  (10)  has 
been  found  in  other  laboratories  to  give  good  service  in  the 
analysis  of  such  materials  as  biological  fluids  and  fermentation 
products.  In  recent  work  at  the  Forest  Products  Laboratory, 
the  method  has  been  found  suitable  for  wood-sugar  solutions  and 
may  be  easily  adapted  to  sugar  concentrations  as  low  as  0.2  mg. 
per  ml. 

Method  Adopted  fob  Analysis  of  Wood  Sugars.  The 
method  adopted  for  the  analysis  of  wood  sugars  is  identical  with 
that  of  Shaffer  and  Somogyi,  using  their  reagent  50,  and  a  30- 
minute  boiling  time.  The  boiling  time  required  was  established 
by  the  following  experiment: 

Two-milliliter  samples  of  the  wood  hydrolyzate  obtained  in  the 
first  cycle  of  a  multiple-stage  hydrolysis  of  spruce  and  of  a  com¬ 
posite  sample  from  the  same  run  were  each  diluted  to  100  ml. 
One-milliliter  samples  of  the  diluted  solutions  were  treated  with 
sugar  reagent  50  according  to  the  Shaffer  and  Somogyi  method 
and  boiled  for  varying  lengths  of  time. 

In  Figure  4  is  shown  on  a  percentage  basis  the  reducing  value 
plotted  against  time,  using  as  100%  the  value  obtained  in  30 
minutes  of  boiling.  It  may  be  seen  from  these  curves  that  the 
reducing  value  of  the  composite  samples  reached  a  maximum 
after  30  minutes  of  heating,  while  the  value  of  the  cycle  1  sample 
was  still  rising  slowly.  Because  the  slowly  reducing  materials  are 


Figure  4.  Reducing  Value  of  Wood  Hydrolyzates  Heated  with 
Shaffer  and  Somogyi  Reagent  50 


Table  II.  Relative  Reducing  Powers  of  Various  Sugars  toward 
Sugar  Reagent 

Reducing  Sugar  Calculated  as  Glucose 


Sugar 

Sample 

Used 

Found  by 
analyst  A 

Found  by 
analyst  B 

Average 

Gram 

Gram 

Gram 

Gram 

d-Glucose 

1.000 

1.000 

1.000 

1.000 

d-Xylose 

1.000 

0.930 

0.926 

0.928 

d-Arabinose 

1.000 

0.760 

0.760 

0.760 

d-Mannose 

1.000 

0.926 

0.928 

0.927 

d-Galactose 

1:000 

0.814 

0.816 

0.815 

concentrated  in  the  first  cycle,  the  reaction  was  not  complete  but 
sufficient  for  the  work  on  saccharification  and  fermentation,  and, 
therefore,  a  30-minute  heating  period  was  used  in  all  work  in¬ 
volving  the  Shaffer-Somogyi  method  at  this  laboratory. 

Determination  of  Reducing  Power  of  Various  Sugars 
toward  Reagent.  Wood  sugar  is  a  mixture  containing  primarily 
glucose  mixed  with  smaller  amounts  of  xylose,  mannose,  galac¬ 
tose,  and  arabinose.  The  relative  amounts  of  these  sugars  vary 
with  the  species.  In  the  work  on  hydrolysis,  all  wood-sugar 
yields  are  expressed  in  terms  of  d-glucose  without  taking  account 
of  differences  in  reducing  power  toward  the  sugar  reagent. 

Values  for  the  relative  reducing  power  of  various  sugars  ex¬ 
pressed  as  d-glucose  as  obtained  by  two  different  analysts  are 
shown  in  Table  II.  Glucose  has  the  highest  reducing  power  of 
the  sugars  tested  in  spite  of  the  fact  that  the  pentoses  have  a 
higher  percentage  of  reducing  groups. 

DETERMINATION  OF  FERMENTABLE  SUGARS  IN  WOOD 
HYDROLYZATES 

Wood  hydrolyzates  contain  various  hexoses,  pentoses,  sugar 
decomposition  products,  furfural,  wood  extractives,  and  lignin. 
Their  value  for  alcohol  production  depends,  however,  on  the  fer¬ 
mentable  sugar  content  and  therefore  it  is  essential  that  fer¬ 
mentable  sugars  be  differentiated  from  unfermentable  sugars 
and  other  reducing  material.  This  may  be  done  by  the  fermenta¬ 
tion  of  a  sample  of  the  sugar  followed  by  an  alcohol  determination, 
or  by  a  determination  of  the  sugar  consumed  in  the  process. 
These  methods,  however,  are  time-consuming,  especially  when 
applied  to  a  large  number  of  samples. 

Methods  of  Estimating  Fermentable  Sugars  in  Dilute 
Solutions.  It  is  well  known  that  a  high  concentration  of  yeast 
will  quantitatively  remove  sugar  from  dilute  solutions  at  a  rapid 
rate.  In  the  examination  of  complex  mixtures,  such  as  blood  or 
urine,  fermentable  sugars  are  estimated  by  determining  the  loss  in 
reducing  power  of  the  sample  after  treatment  with  a  high  con¬ 
centration  of  yeast  (11). 

Menzinsky  (9)  describes  the  use  of  this  rapid  yeast  sorption 
method  for  the  evaluation  of  the  sugars  contained  in  sulfite  waste 
liquors.  Hagglund  (6)  has  found  sulfite  liquor  from  spruce  to 
contain  17.0%  pentoses,  42.7%  mannose,  4.2%  galactose,  3.2% 
galacturonic  acid,  4.0%  fructose,  and  28.9%  glucose.  This 
distribution  varies  between  species.  Because  galactose  is  not 
readily  fermented  unless  the  yeast  has  been  previously  acclima¬ 
tized  to  its  utilization,  Menzinsky  recommends  that  yeast  for 
sulfite  liquor  analysis  be  acclimatized  to  galactose,  or  that  the 
yeast  be  taken  from  a  vat  in  which  the  fermentation  of  sulfite 
liquor  is  taking  place. 

In  experiments  at  the  Forest  Products  Laboratory  on  liquors 
obtained  by  the  hydrolysis  of  wood,  no  effort  was  made  to  use 
acclimatized  yeast  for  analysis  because  the  proportion  of  galactose 
present  is  much  smaller  than  in  sulfite  liquor. 

Adjustment  of  pH  of  Sugar  Solutions.  In  using  the  yeast 
sorption  method  for  fermentable  sugar  analysis,  it  is  desirable  to 
have  a  pH  slightly  on  the  acid  side.  Menzinsky  neutralized  un¬ 
diluted  sulfite  liquor  with  excess  precipitated  chalk  and  diluted 
the  sample  after  filtration.  This  procedure  is  also  satisfactory  for 
use  with  wood  hydrolyzates,  but  in  order  to  avoid  time  required 
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for  the  filtration,  approximately  0.1  ml.  of  concentrated  sulfuric 
acid  was  added  to  100  ml.  of  the  diluted  liquor  to  ensure  the 
presence  of  more  than  0.1%  acid  and  then  precipitated  chalk  was 
added  in  excess.  Large  variations  in  the  amount  of  added  acid  or 
chalk  have  little  effect  on  the  pH  of  the  resulting  solution.  In 
all  the  solutions  tested,  the  pH  in  the  presence  of  excess  chalk  was 
6.3  ±  0.2. 

Determination  oe  Rate  of  Sorption  of  Fermentable 
Sugars  from  Diluted  Wood  Hydrolyzates  by  Yeast  in  High 
Concentrations.  An  experiment  was  devised  to  determine  the 
rate  at  which  the  fermentable  sugars  in  diluted  wood  hydrolyzates 
are  “sorbed”  by  high  yeast  concentrations.  Other  workers  have 
shown  that  sugar  sorption  is  rapid  and  complete  in  the  case  of 
blood,  urine,  and  sulfite  liquor,  but  because  of  their  complex 
nature  it  was  desirable  to  determine  this  rate  using  acid- 
hydrolyzed  wood  sugars. 

Four  milliliters  of  a  sample  of  a  composite  liquor  from  the 
early  pilot-plant  operations  (experimental  run  No.  75)  con¬ 
taining  3.95  grams  of  reducing  sugar  per  100  ml.  were  diluted  to 
100  ml.  To  this  was  added  approximately  0.1  ml.  of  sulfuric 
acid  from  a  calibrated  dropper.  Twenty  milliliters  of  this  solu¬ 
tion  were  treated  with  excess  calcium  carbonate  and  1  gram  of  a 
commercial  compressed  baker’s  yeast,  shaken  at  30°  C.  for  vari¬ 
ous  times,  centrifuged,  and  analyzed.  (“Red  Star”  compressed 
yeast  was  used  in  all  the  experiments  reported  in  this  paper.) 
The  time  allowed  for  sorption  and  the  apparent  fermentable  sugar 
are  plotted  in  Figure  5. 

The  sorption  is  complete  in  1  hour  and  1  hour,  therefore,  was 
chosen  as  the  standard  time  of  sorption. 

Determination  of  Fermentable  Sugar  by  Yeast  Sorption. 
The  sample  to  be  analyzed  for  fermentable  sugar  is  diluted  to 
approximately  1.5  mg.  of  reducing  sugar  per  milliliter.  The  re¬ 
ducing  sugar  content  is  determined  by  the  Shaffer  and  Somogyi 
method,  using  reagent  50  with  a  heating  period  of  30  minutes; 
sulfuric  acid  is  added  to  the  diluted  solution  from  a  microburet  in 
the  proportions  of  approximately  0.1  ml.  per  100  ml.  Twenty 
milliliters  of  this  solution  are  then  put  into  a  30-ml.  vial,  and  a 
sufficient  quantity  of  precipitated  chalk  is  added  to  leave  a  small 
amount  of  undissolved  excess.  Approximately  1  gram  of  com¬ 
pressed  baker’s  yeast  ( Saccharomyces  cerevisiae )  is  then  added, 
and  the  vials  are  stoppered  and  shaken  for  1  hour  at  30°  C.  At 
the  end  of  this  time  the  vials  are  centrifuged,  and  a  sample  of  the 
supernatant  liquor  is  pipetted  off  and  analyzed  for  sugar  by  the 
Shaffer  and  Somogyi  method.  If  unwashed  yeast  is  used,  the 
value  is  corrected  by  subtracting  the  apparent  sugar  found  in  a 
blank  determination.  The  difference  in  the  sugar  content  of  the 
solution  before  and  after  treatment  with  yeast  corresponds  to 
the  fermentable  sugar  present. 


75  75  30  to  90  120 

TIME.  (MINUTES') 

Figure  5.  Sorption  of  Fermentable  Sugars  from  Wood 
Hydrolyzates  by  5%  Suspension  of  Yeast 

Comparison  between  Fermentability  of  Wood-Sugar 
Worts  as  Determined  by  Yeast  Sorption  and  by  Fermenta¬ 
tion.  A  comparison  was  made  between  the  fermentability  of 
wood-sugar  worts  as  determined  by  yeast  sorption,  and  by  fer¬ 
mentation  of  an  8-liter  batch  (Table  III). 

Over  100  fermentations  in  8-liter  batches  using  hydrolyzates 
from  15  different  species  of  wood  were  checked  by  the  yeast  sorp¬ 
tion  method  with  essentially  the  same  results. 


Table  III.  Comparison  between  Fermentability  of  Wood-Sugai 
Worts  as  Determined  by  Fermentation  and  by  Yeast  Sorption 


Fermentability, 

Fermentability, 

Run 

8-Liter  Fermen¬ 

Yeast  Sorption 

No. 

Species 

tation 

Method 

% 

% 

3 

Spruce 

72.9 

74.6 

4 

74.0 

73.4 

5 

72.5 

71.6 

8 

76.2 

74.2 

9 

75.1 

73.5 

19 

76.0 

76.4 

20 

75.5 

75.3 

21 

76.5 

75.0 

47 

Douglas-fir 

77.9 

77.4 

48 

81.0 

81.1 

49 

81.3 

80.6 

50 

81.4 

82.3 

51 

81.2 

80.8 

52 

82.0 

80.0 

53 

80.8 

79.3 

54 

80.5 

79.2 

DETERMINATION  OF  ALCOHOL  IN  FERMENTED  WOOD-SUGAR 

WORTS 

The  fermentation  of  wood  hydrolyzates  or  waste  sulfite  liquor 
produces  a  beer  containing  between  0.5  and  2.5%  alcohol  by 
weight.  When  analyzing  solutions  of  this  concentration,  it  is 
necessary  to  use  controlled  methods  in  order  to  get  results  of  satis¬ 
factory  accuracy. 

Quantitative  Removal  of  Alcohol  from  Beer  by  Dis¬ 
tillation.  In  developing  a  procedure  for  the  analysis  of  dilute 
alcohol  solutions,  it  is  important  to  know  the  minimum  per¬ 
centage  of  a  beer  that  must  be  distilled  in  order  to  remove  the 
alcohol  quantitatively.  By  taking  off  this  minimum  percentage 
of  the  beer,  a  distillate  of  maximum  concentration  is  obtained,  re¬ 
sulting  in  greater  accuracy  in  the  final  measurement. 

By  means  of  the  equation  of  Virtanen  and  Pulkki  (IS)  it  can 
be  shown  that  distilling  off  45%  of  the  initial  volume  of  a  beer 
will  result  in  the  removal  of  99.9%  of  the  alcohol. 

Quantitative  Determination  of  Alcohol.  A  number  of 
techniques  are  available  for  the  determination  of  alcohol  in  dilute 
solutions.  Determinations  of  the  specific  gravity,  refractive 
index,  or  the  amount  of  dichromate  required  to  oxidize  the  alco¬ 
hol  to  acetic  acid  have  all  been  used  satisfactorily. 

In  work  on  wood  sugars,  the  use  of  a  refractive  index  method 
was  avoided  because  of  interference  by  furfural.  The  difference 
between  the  refractive  index  of  furfural  and  water  is  eight  times  as 
great  as  the  difference  between  the  refractive  index  of  alcohol  and 
water.  The  error  due  to  extraneous  materials  in  the  refractive 
index  determination  is  seriously  high.  In  the  specific  gravity 
method,  slightly  low  uncorrected  values  are  obtained.  The  di- 
chromate  oxidation  method  for  the  determination  of  ethanol  is 
useful  where  small  quantities  of  sample  are  available  at  low  con¬ 
centration,  but  the  method  requires  more  time  per  determination 
than  does  the  specific  gravity  method. 

Determination  of  Alcohol  Using  Westphal  Balance. 
The  method  chosen  for  alcohol  analysis  of  fermented  wood 
sugars  involved  the  determination  of  the  specific  gravity  with  a 
Westphal  balance 

The  apparatus  used  is  shown  in  Figure  6.  One  of  the  balance 
pans  of  a  high-quality  analytical  balance  was  removed,  and  in  its 
place  was  suspended  a  mercury-filled  glass  bob  844  cm.  (3.375 
inches)  long  by  1.4  cm.  (Vie  inch)  in  diameter  in  such  a  way  that 
it  hung  freely  in  a  jacketed  glass  container  of  10.6  X  2.19  cm. 
(4.25  X  0.875  inch)  inside  dimensions.  The  glass  container  was 
introduced  into  the  balance  through  a  side-opening  door.  The 
rubber  tubing  bringing  in  the  thermostated  water  was  of  such 
length  as  to  allow  removal  and  rinsing  of  the  entire  assembly 
with  the  solution  to  be  tested.  The  50  ml.  of  distillate  were  more 
than  sufficient  for  both  rinsing  and  testing.  Thermostated  water 
was  pumped  through  the  jacket  from  a  bath  maintained  at 
20.00°  =±=  0.01°  C.  On  hot  days  there  was  a  difference  of  about 
0.1°  C.  between  the  temperature  of  the  bath  and  the  outlet  from 
the  jacket,  but  this  differential  was  constant  throughout  the 
day’s  operations. 
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Figure  6.  Westphal  Balance  and  Jacketed  Container 


In  the  tests,  the  bob  is  weighed  in  air,  in  freshly  boiled  water, 
md  in  the  solution  that  is  to  be  analyzed.  The  loss  in  weight  of 
lie  bob  in  the  solution  divided  by  the  loss  in  weight  in  water 
;ives  the  specific  gravity.  Because  of  a  surface  tension  effect  on 
he  supporting  wire  the  balance  works  less  smoothly  and  a  less 
eproducible  rest  point  is  obtained  when  water  is  used  than  when 
ilcohol  solutions  are  used.  To  overcome  this  difficulty  with 
vater  and  very  dilute  alcohol  solutions,  1  ml.  of  a  0.8%  solution 
if  a  wetting  agent,  Nacconol  NR,  is  added  to  the  water  used  for 
itandardization  and  to  the  beer  distillate  before  final  adjustment 
if  the  volume.  The  effect  of  the  Nacconol  NR  on  the  density  of 
he  alcohol  solution  is  neglected  in  the  calculations,  since  it  is 
idded  in  the  same  concentration  to  both  the  unknown  solution 
md  the  water  used  for  standardization. 

Procedure.  Distillation.  A  100-ml.  sample  of  beer  is  pipetted 
nto  a  500-ml.  round-bottomed  flask,  neutralized  using  a  spot 
date  and  bromothymol  blue  indicator,  and  distilled  into  a  50- 
id.  volumetric  flask.  After  about  48  ml.  have  distilled,  the 
distillation  is  interrupted  and  1.00  ml.  of  0.8%  Nacconol  NR  is 
idded.  The  volume  is  then  adjusted  to  the  mark.  The  volu- 
netric  flask  containing  the  distillate  is  thermostated  at  20°  C. 

Dete- ruination.  The  apparatus  is  standardized  against  water 
lefore  each  day’s  operations  by  weighing  the  bob  in  freshly  boiled 
distilled  water  to  which  a  wetting  agent  has  been  added  in  the 
ame  proportions  as  in  the  beer  distillate.  The  container  is  al¬ 
ways  filled  to  the  same  level,  so  that  the  same  amount  of  liquid 
s  always  displaced  by  the  wire  supporting  the  bob.  To  initiate  a 
;entle  swing  of  the  balance  pan  on  release,  a  rest  point  is  chosen 
ibout  6  mm.  off  center.  The  determination  of  the  weight  of  the 
iob  in  the  unknown  solution  is  carried  out  in  the  same  manner. 

Calculations.  The  specific  gravity  may  be  calculated  by  the 
ollowing  formula: 


Specific  gravity  = 


weight  of  bob  _  weight  of  bob  in 
in  air  unknown  solution 

weight  of  bob  _  weight  of  bob 


in  air 


in  water 


The  concentration  of  the  alcohol  in  the  beer  in  terms  of  grams 
aer  100  ml.  is  determined  by  reference  to  a  table  showing  the  re- 
ationship  between  specific  gravity  and  alcohol  concentration, 
•lince  the  concentration  in  the  distillate  is  double  that  in  the  beer, 
the  value  obtained  must  be  divided  by  2. 

To  make  routine  calculations  more  rapid,  the  value  of  the 
weight  of  the  bob  in  alcohol  solutions  minus  the  weight  of  the  bob 
in  water  may  be  plotted  as  a  function  of  the  alcohol  concentra¬ 
tion  in  the  beer  to  which  it  corresponds.  In  this  way  calculations 
ire  reduced  to  a  simple  subtraction  and  reference  to  a  graph. 


In  order  to  correct  for  volatile  material  other  than  alcohol  in 
the  beer,  an  unfermented  sample  of  the  wood-sugar  solution  may 
be  distilled  and  the  percentage  of  apparent  alcohol  determined  in 
the  usual  way.  The  alcohol  concentration  of  the  beer  is  then  cor¬ 
rected  by  subtracting  the  apparent  alcohol  concentration  of  the 
wort  before  fermentation  from  the  value  obtained  after  fermen¬ 
tation.  In  the  samples  tested,  this  apparent  alcohol  concentra¬ 
tion  of  the  wort  before  fermentation  has  proved  to  be  a  small  nega¬ 
tive  value. 

The  alcohol  yield  as  determined  by  the  specific  gravity  method 
may  be  checked  by  the  use  of  an  immersion  refractometer,  using 
the  tables  provided  by  the  Association  of  Official  Agricultural 
Chemists. 
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Modified  Dropping  Funnel 
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THE  dropwise  addition  of  compounds  to  stirred  solutions  is 
one  of  the  most  common  synthetic  organic  chemistry  opera¬ 
tions.  The  funnel  shown  in  the  sketch  has  been  found  very  use¬ 
ful  in  such  operations.  The  funnel  incorporates  the  leakproof 
stopcock  designed  by  Newman  with  all  the  advantages  pointed 


Figure  1.  Modified  Dropping 
Funnel 


out  by  him  (7).  The  pressure- 
equalizer  feature  permits  ex¬ 
clusion  of  the  atmosphere 
and  minimizes  the  attention 
\trhich  the  operator  must  give 
to  maintain  the  desired  addi¬ 
tion  rate.  The  off-center  de¬ 
sign  of  the  funnel  permits  it  to 
be  mounted  in  a  three-necked 
flask  without  interfering  with 
the  mercury  seal  generally 
contained  in  the  middle  neck. 
The  vertical  position  of  the 
stopcock  ensures  that  it  will 
not  be  dislodged  by  the  vi¬ 
bration  due  to  stirring. 
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Thorium  Nitrate  Titration  of  Fluoride 

With  Special  Reference  to  Determining  Fluorine  an  d  Sulfu  r  in  Hydrocarbons 

M.  P.  MATUSZAK  and  D.  R.  BROWN,  Phillips  Petroleum  Company,  Bartlesville,  Okla. 


A  method  is  described  for  determining  fluorine  by  titration  of 
fluoride  with  thorium  nitrate,  in  the  presence  of  sodium  alizarin 
sulfonate,  under  optimum  analytical  conditions.  The  lamp  tech¬ 
nique  for  conversion  of  organic  fluorine  to  fluoride  is  made  quanti¬ 
tative  by  minimizing  the  surface  between  the  combustion  and  ab¬ 
sorption  zones.  Separation  of  fluoride  from  sulfate  is  avoided. 
The  excess  standard  sodium  carbonate  absorbent  is  titrated  with 
0.05  N  hydrochloric  acid;  the  end  point  is  sharpened  by  expelling 
carbon  dioxide,  and  the  buffer  effect  of  sodium  fluoride  is  taken 
into  account.  Acetic  acid  is  used  to  adjust  the  initial  pH  for 

THE  method  described  herein  is  an  outcome  of  research 
directed  to  the  use  of  fluorine-containing  catalysts,  during 
•the  course  of  which  considerable  fundamental  information  relat¬ 
ing  to  the  thorium  nitrate  titration  of  fluoride  was  accumulated. 
Although  developed  primarily  to  meet  the  need  for  determining 
up  to  about  0.1%  of  organically  combined  fluorine  in  hydro- 
.carhons,  such  as  those  present  in  various  stages  of  the  manufacture 
■of  aviation  gasoline  by  hydrofluoric  acid  alkylation  (13),  this 
method  should  prove  useful  for  the  analysis  of  many  other  ma¬ 
terials  from  which  the  fluorine  can  be  obtained  as  a  fluoride  solu¬ 
tion,  provided  conditions  indicated  as  being  essential  are  ob¬ 
served.  In  comparison  with  earlier  thorium  nitrate  methods  of 
determining  fluoride,  it  possesses  advantages  of  simplicity,  wide 
range,  accuracy,  and  reproducibility  by  various  analysts;  in 
addition,  it  determines  with  reasonable  accuracy  another  acid- 
Torming  element,  such  as  sulfur  or  a  halogen  other  than  fluorine. 

PRINCIPLE  OF  METHOD 

In  general,  the  principle  of  this  method  is  that  of  converting 
the  fluorine  and  the  sulfur  in  a  sample  into  an  aqueous  solution 
.of  fluoride  and  sulfate,  determining  the  total  acid  equivalent  to 
the  fluoride  and  the  sulfate,  determining  specifically  the  fluoride 
by  titration  with  thorium  nitrate  under  selected  conditions,  and 
calculating  the  sulfur  after  deducting  from  the  total  acid  the  part 
equivalent  to  the  fluorine.  This  general  principle  has  been 
satisfactorily  used  in  this  laboratory  for  several  years  with  var¬ 
ious  specific  titration  techniques. 

OPTIMUM  GENERAL  CONDITIONS 

To  facilitate  obtaining  dependably  comparable  results  by  ana¬ 
lysts  of  various  degrees  of  professional  training,  and  in  various 
laboratories,  each  analytical  condition  has  been  limited  to  the 
.one  particular  choice  that  appeared  optimum,  all  things  con¬ 
sidered. 

Conversion  to  Fluoride  Solution.  Conversion  of  the 
ifluorine-containing  sample  to  an  aqueous  fluoride  solution  may  be 
effected  in  various  ways,  depending  upon  the  form  in  which  the 
ifluorine  exists.  When  the  fluorine  is  already  in  water-soluble 
■form,  all  that  may  be  necessary  is  absorption  or  extraction,  as  of 
hydrofluoric  acid  from  a  hydrocarbon  by  an  alkaline  solution. 
When  the  fluorine  is  in  the  form  of  one  or  more  organic  com¬ 
pounds,  the  compounds  must  be  decomposed  to  convert  the  fluo¬ 
rine  to  a  water-soluble  fluoride.  Since  various  decomposition 
methods  have  been  recently  reviewed  (12),  they  need  not  be  dis- 
•cussed  in  detail,  except  for  the  lamp  method,  which,  with  suit¬ 
able  modification  in  apparatus,  serves  as  well  for  the  determina¬ 
tion  of  organic  fluorine  as  it  has  served  for  many  years  for  the 
.determination  of  organic  sulfur. 


titration  with  0.05  N  thorium  nitrate.  Acetic  acid  also  is  incorpo¬ 
rated  in  the  thorium  nitrate,  in  such  concentration  that  the  pH  ol 
the  titration  mixture  is  automatically  so  decreased  that  the  relation¬ 
ship  between  fluoride  and  thorium  nitrate  titer  is  both  rectilinear  and 
stoichiometrically  correct.  The  titration  data  are  used  to  correct 
for  interference  by  sulfate.  When  sulfur  is  absent,  the  acidimetric 
titration  can  be  used  to  determine  another  acid-forming  element, 
such  as  chlorine.  A  composite  nomograph  is  presented  for  cal¬ 
culating  the  fluorine  and  sulfur  contents.  Typical  analytical  result 
are  given. 

One  form  of  the  lamp  apparatus  (11,  23)  has  been  used  in  this 
laboratory  for  the  determination  of  fluorine  in  hydrocarbons 
with  reasonably  satisfactory  results  for  several  years,  althougl 
the  results  from  known  mixtures  indicated  that  the  recover} 
of  fluorine  was  usually  low  for  fluorine  contents  above  0.05% 
and  high  for  fluorine  contents  below  this  value.  Recently,  an¬ 
other  form  of  the  lamp  apparatus  was  reported  as  giving  l°w  anc 
somewhat  erratic  results,  which  were  accompanied  by  severe 
etching  of  the  glass  of  the  collecting  chimney  and  of  the  inlel 
tube  of  the  absorption  flask  (26).  The  appearance  of  severe 
etching  may  be  caused  by  a  siliceous  fluorine-containing  deposit : 
such  as  that  observed  in  the  distillation  of  fluoride  as  fluosilicic 
acid  (15,  20,  21).  In  this  laboratory,  a  similar  deposit  has  beer 
observed  many  times  in  glass  columns  used  for  fractional  distilla¬ 
tion  of  hydrocarbons  containing  organic  fluorine.  A  light  deposil 
has  also  been  observed  a  few  times,  when  a  hydrocarbon  o! 
exceptionally  high  fluorine  content  was  being  burned,  in  the 
outlet  of  the  chimney  of  the  lamp  apparatus;  but  no  othei 
evidence  of  etching  has  been  observed,  even  after  repeated  use 
of  the  lamp  apparatus.  Significantly,  “adsorbed  silicon  fluoride’ 
must  be  desorbed  in  a  method  employing  combustion  in  a  heatec 
silica  tube  (7,  16).  Hence,  the  etchinglike  deposit,  which  usuall} 
is  so  small  as  to  be  invisible,  seemed  responsible  for  the  somewhal 
inexact  results  heretofore  obtained  by  the  lamp  method. 

Confirming  this  view,  elimination  of  substantially  all  surface 
between  the  combustion  and  absorption  zones  made  the  recover} 
of  fluorine  quantitative.  In  addition,  the  apparatus  was  simpli¬ 
fied;  the  chimney  became  merely  a  downward  extension  of  the 
absorption  tube,  as  is  illustrated  in  Figure  1.  The  rubber  stoppei 
required  in  the  original  apparatus  (11, 23)  to  connect  the  chimney 
the  Erlenmeyer  flask,  and  the  absorption  tube  was  eliminated 
this  stopper  was  troublesome  because  it  deteriorated  rapidly 
causing  leakage  unless  replaced  after  every  few  combustions. 

In  the  new  apparatus,  a  noticeable  salt  deposit  is  likely  to  forn 
on  the  under  surface  of  the  disk,  apparently  because  of  creeping 
of  the  absorbent  through  the  hot  disk.  To  obviate  loss  o) 
particles  of  this  deposit  that  might  be  dislodged  during  remova 
of  the  lamp  at  the  end  of  the  combustion,  the  apparatus  may  be 
constructed  with  two  disks  about  20  mm.  apart;  the  lower  disk 
which  may  be  extra  coarse,  advantageously  also  dissipates  a  large 
part  of  the  heat  of  combustion  by  radiation.  However,  the  single¬ 
disk  apparatus  is  fully  satisfactory,  especially  if  a  clean  sheet  o 
paper,  preferably  black  and  glossy,  is  used  beneath  the  apparatus 
to  recover  any  dislodged  particles. 

The  combustion  must  be  complete,  or  smokeless.  Incomplete 
combustion  leads  to  low  fluorine  values  because  of  incomplete 
decomposition  of  the  fluorine  compound,  to  high  sulfur  values 
because  of  formation  of  organic  acids,  and  to  difficulty  in  the 
.  titrations  because  of  discoloration  by  colloidal  carbon.  The 
combustion  should  be  in  a  synthetic  atmosphere  of  oxygen  anc 
carbon  dioxide  (23),  rather  than  in  purified  air,  to  obviate  the 
error  (in  the  sulfur  determination  only)  resulting  from  oxidatioi 
of  nitrogen  (1,  23).  The  flow  rate  of  the  atmosphere  througl 
the  lamp  need  not  exceed  0.7  liter  per  minute  if  the  oxygei 
content  is  about  40%  by  volume.  The  carbon  dioxide  must  bi 
free  from  sulfur  compounds;  testing  each  fresh  cy Under  fo 
hydrogen  sulfide  and  for  sulfur  dioxide  is  desirable.  Under  th 
absorption  conditions  used,  any  sulfur  dioxide  that  may  b 
formed  in  the  combustion  is  completely  oxidized;  adding  hy 
drogen  peroxide  to  the  absorbent  is  unnecessary  and  is  undesii 
able,  for  the  peroxide,  which  decolorizes  the  indicator,  cannot  b 
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sadily  destroyed  by  boiling  unless  the  solution  is  excessively 

lkaline. 

Volume  of  Absorbent.  To  minimize  the  volume  of  standard 
iydrochloric  acid  required  in  titrating  the  excess  absorbent,  the 
olume  of  absorbent  should  be  limited  to  the  minimum  consistent 
'ith  good  analytical  technique.  Analyses  of  synthetic  mixtures 
f  isooctane  and  fluorobenzene  showed  that  10  ml.  of  0.05  N 
jdium  carbonate  in  an  absorber  in  which  all  the  absorbent  rests 
pon  a  fritted-glass  disk  are  adequate;  no  fluoride  was  found  in 
second  absorber  in  series  with  the  first.  Accordingly,  this 
olume,  which  is  stoichiometrically  equivalent  to  10  mg.  of 
ydrogen  fluoride,  or  to  the  fluorine  in  9.5  grams  of  a  material 
jntaimng  0.10%  of  fluorine,  is  preferred.  To  compensate  for 
aporization  of  water,  an  approximately  equal  volume  of  water 
added,  preferably  before  introduction  of  the  absorbent,  when 
:  can  serve  to  indicate  whether  the  assembly  is  sufficiently  leak- 
•ee  to  retain  the  absorbent  upon  the  fritted-glass  disk. 
Separation  from  Interfering  Substances.  In  the  deter¬ 
mination  of  fluorine  in  some  materials  by  titration  of  fluoride 
ith  thorium  nitrate,  the  fluoride  may  have  to  be  preliminarily 
■parated  from  interfering  substances  by  an  appropriate  tech- 
ique  (3,  5,  9,  10,  14,  15,  17,  18,  21,  25).  Obviously,  whenever 
ossible,  separation  should  be  avoided,  for  it  is  time-consuming 
ad  troublesome.  When,  as  is  true  for  most  hydrocarbons,  no 
dd-forming  element  other  than  fluorine,  sulfur,  and  oxygen  is 
resent,  so  that  the  only  interfering  substance  is  sulfate,  sepa- 
ition  is  advantageously  avoided  by  determining  the  sulfur  con- 
■nt  acidimetrically  and  correcting  the  thorium  nitrate  titer 
irrespondingly. 

Diluting  and  Aliquoting.  In  an  early  precursor  of  this 
lethod  that  generally  resembled  published  fluoride-titration 
■chniques  (3,  14,  18,  21,  22,  24),  it  was  necessary  to  dilute  the 
nalytical  solution  until  it  contained  not  over  2.5  mg.  of  fluoride 
er  100  ml.  and  to  take,  for  titration,  a  10-ml.  aliquot.  Improve- 
lents  here  described  have  led  to  the  elimination  of  this  diluting- 
ad-aliquoting  step,  which  required  some  judgment  as  to  the 
ctent  of  the  diluting  and  entailed  the  possibility  of  being  omitted 
ith  sacrifice  of  accuracy. 

Titration  Vessel.  The  most  satisfactory  titration  vessel  is 
125-ml.  Erlenmeyer  flask,  which  is  advantageously  adapted 
>r  mixing  of  the  titration  mixture  by  swirling.  It  preferably 
lould  be  provided  with  a  mark  indicating  a  volume  of  50  ml. 
then  several  flasks  are  used  interchangeably,  all  should  be 
ptically  alike. 

Volume  of  Titration  Mixture.  The  most  convenient  vol- 
me  for  titration  in  a  125-ml.  Erlenmeyer  flask  is  approximately 
D  ml.,  which  is  also  roughly  the  volume  of  the  absorbent  and 
ashings.  In  the  titration  with  thorium  nitrate,  the  initial 
olume  must  be  fairly  close  to  this  value,  at  least  within  5  ml., 
>r  the  results  vary  with  the  concentration  of  the  indicator  and 
ith  the  volume  being  titrated  (21). 

Strength  of  Reagents.  For  convenience,  the  strength  of 
le  reagents  is  the  same  as  that  in  a  current  acidimetric  lamp 
lethod  for  sulfur  (23),  0.0500  N.  For  simplicity,  and  to  obviate 
ae  possibility  of  having  alternative  procedures  that  might  lead 
i  divergent  results  by  different  analysts,  only  one  strength  of 
ich  reagent  is  used. 

Strength  of  Indicator.  What  was  judged  to  be  the  opti- 
ium  amount  of  sodium  alizarin  sulfonate  as  indicator  was  ex- 
erimentally  determined,  and  the  strength  of  the  indicator  was 
fleeted  to  be  0.025%  in  order  that  this  amount  would  be  meas- 
red  and  added  by  a  1-ml.  pipet.  The  resulting  concentration  of 
idicator  in  the  titration  mixture  coincides  with  that  used  by 
;eynolds  and  Hill  (21);  it  is  intermediate  between  that  used  by 
towley  and  Churchill  (22)  and  that  used  by  Armstrong  (3). 
Hydrochloric  Acid  Titration.  The  titration  of  excess 
bsorbent  with  hydrochloric  acid  differs  from  that  in  the  afore- 
lentioned  acidimetric  method  for  sulfur  (23)  in  two  main 
aspects: 

1.  The  indicator  is  sodium  alizarin  sulfonate  instead  of 
lethyl  orange.  Primarily,  sodium  alizarin  sulfonate  is  used 
ecause  it  is  the  indicator  required  in  the  subsequent  titration 
ith  thorium  nitrate.  The  color  changes  in  a  pH  range  only 
ightly  above  that  for  methyl  orange,  being  yellow  at  a  pH  of 
.24  and  perceptibly  pink  at  a  pH  of  5.28.  The  amount  of 
idicator  is  the  same  as  that  required  for  the  titration  with 
porium  nitrate,  in  order  that  only  one  addition  of  indicator  need 
|e  made  during  the  entire  analysis. 

2.  The  sharpness  of  the  end  point  is  improved  by  expelling 
iirbon  dioxide  by  boiling.  Removal  of  all  carbon  dioxide  is  not 
lecessary  and  should  not  be  attempted;  long-continued,  pro- 
ressive  acidification  and  boiling  causes  loss  of  fluoride,  if  present, 
he  preferred  procedure  is:  (1)  boiling  the  alkaline  solution, 
rimarily  to  concentrate  it,  if  necessary,  to  about  40  ml.  but  also 
p  remove  readily  expellable  carbon  dioxide;  (2)  titrating  with 
ydrochloric  acid  to  a  preliminary  end  point;  (3)  boiling  for 


about  2  minutes  to  remove  additional  carbon  dioxide;  and  (4) 
titrating  to  the  final  end  point,  which  is  exceedingly  sharp  except 
when  much  fluoride  is  present. 

The  preferred  rate  of  boiling  is  rather  high,  being  sufficient  to 
vaporize  about  2  ml.  of  water  per  minute  or  to  cause  an  added 
glass  ball  or  bead,  about  4  mm.  in  diameter,  to  dance  about, 
making  a  clearly  audible  continual  tinkling. 

When  sulfur  is  known  to  be  absent,  the  boiling  can  be  omitted. 
However,  as  is  indicated  below,  when  boiling  is  omitted,  the 
presence  of  considerable  carbon  dioxide  decreases  the  amount  of 
hydrochloric  acid  added,  with  the  result  that,  when  the  fluoride 
is  in  excess  of  a  few  milligrams,  the  thorium  nitrate  titer  is  de¬ 
creased  slightly. 

Color  Standards.  Although  the  ability  to  judge  the  end 
point  in  the  thorium  nitrate  titration  is  readily  acquired,  a  per¬ 
manent  color  standard  (10)  is  useful  in  ensuring  that  the  same 
end  point  is  used  by  various  analysts,  in  various  laboratories. 
Accordingly,  a  color  standard  was  developed  from  sodium 
chromate  and  cobalt  nitrate.  Experience  has  shown  that  the 
sodium  chromate  must  be  the  c.p.  tetrahydrate;  other  forms 
of  sodium  chromate,  in  chemically  equivalent  amount,  do  not 
always  give  the  proper  color.  From  the  same  stock  solutions, 
a  color  standard  was  also  developed  for  the  hydrochloric  acid 
titration. 


THORIUM  NITRATE  TITRATION 

End  Point.  The  exact  tint  at  the  end  point  in  the  thorium 
nitrate  titration  optimally  should  be  one  that  can  be  readily 
judged  by  most  persons.  A  faint  pink  end  point,  which  cannot 
be  judged  at  all  by  many  persons,  is  unsatisfactory  for  routine 
analyses.  It  is  highly  sensitive  to  variations  in  light,  appearing 
differently  to  different  persons  and  even  to  the  same  person  on 
different  days;  in  consequence,  it  requires  considerable  exper¬ 
ience,  the  use  of  a  color  standard  freshly  made  with  precisely 
measured  volumes  of  standard  solutions  of  sodium  fluoride  and 
thorium  nitrate,  and  much  time  and  patience  for  color  matching. 


The  relatively  deep  pink  tint  selected  for  the  end  point  of  this 
method  is  that  at  which  the  rate  of  change  of  color  with  addition 
of  thorium  nitrate  was  experimentally  found  to  be  the  most 
rapid.  This  tint,  which  is  judged  comparatively  without 
difficulty,  is  substantially  visually  uniform  for  all  amounts  of 
fluoride;  although  the  presence  of  a  precipitate  affects  the 
appearance  of  the  titration  mixture  noticeably,  the  eye  is  able  to 
judge  the  end  point  accurately  and  reproducibly,  provided  that 
the  mixture  is  swirled  to  keep  the  precipitate  in  suspension.  The 
possible  alternative  technique  of  letting  the  precipitate  settle 
and  judging  the  end  point  by  the  appearance  of  the  precipitate, 
which  adsorbs  the  indicator,  is  relatively  inferior. 

The  titration  mixture  should  be  compared  with  the  color 
standard  in  uniform  light.  Artificial  light  is  superior  to  natural 
daylight,  which  fluctuates  too  much.  The  optimum  light  ap¬ 
pears  to  be  the  slightly  reddish  yellow  light  from  an  incandescent 
electric  lamp,  which  is  preferably  above  or  behind  the  observer, 

so  that  the  mixtures  are  viewed, 
optimally  against  a  glare-free  neu¬ 
tral  gray  background,  by  reflected 
light  rather  than  by  transmitted 
fight.  However,  in  view  of  its 
popularity  for  other  titrations,  a 
“fluorescent  titration  support” 
was  used  in  the  present  investi¬ 
gation. 

Acidity.  In  the  titration  of 
fluoride  with  thorium  nitrate,  the 
acidity  of  the  titration  mixture 
must  be  closely  controlled.  In 
early  forms  of  the  thorium  nitrate 
method,  the  acidity  was  adjusted 
with  a  slight  excess  of  dilute 
hydrochloric  acid'  (4,  5,  25);  in 
recent  forms,  with  a  buffer  made 
by  half-neutralizing  monochloro- 
acetic  acid  with  sodium  hydrox¬ 
ide  (3,  10,  14,  15,  18,  21,  22,  24). 
However,  neither  the  influence  of 
the  acidity  on  the  analytical 
result  nor  the  technique  of 
controlling  the  acidity,  beyond 
Figure  1.  Absorption  measurements  of  the  pH  ob- 
Apparatus  tained  with  the  chloroacetate 
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buffer  (15,  21,  22)  and  with  other  buffers  (3,  8),  appears  to  have 
been  previously  adequately  investigated. 

Acidity-Control  Agent.  Experience  indicated  that  the 
chloroacetate  buffer  is  not  fully  satisfactory  as  an  acidity-control 
agent,  for  different  preparations  differed  noticeably  in  behavior — 
for  example,  when  different  preparations  were  used,  the  volume 
of  0.05  N  thorium  nitrate  required  for  zero  fluoride  varied  from 
0.020  to  0.065  ml.  The  variation  was  traced  to  the  establish¬ 
ment  of  too  low  a  pH  range,  in  which  the  thorium  nitrate  required 
for  zero  fluoride  varies  markedly  with  slight  variation  in  pH. 
Slight  variations  in  the  pH  established  by  different  preparations 
of  the  buffer  may  be  attributed  to  such  possible  factors  as  differ¬ 
ent  proportions  of  one  or  more  impurities  (perhaps  polychloro- 
acetic  acids)  and  slightly  different  ratios  of  acid  to  salt.  Obtain¬ 
ing  a  pH  range  that  is  generally  too  low  may  be  attributed  to 
such  factors  as  using  too  much  of  the  buffer,  having  too  high  a 
ratio  of  acid  to  salt  in  the  buffer,  and  neglecting  the  pH-depressing 
effect  of  salts  of  relatively  strong  acids  (hydrochloric,  sulfuric, 
nitric)  that  are  originally  present  or  are  formed  during  the 
titration.  Another  possibly  pertinent  factor  is  the  formation 
of  a  flocculent  brownish  precipitate  on  aging  of  the  buffer.  These 
factors,  which  indicate  the  complexity  associated  with  the 
chloroacetate  buffer,  were  not  investigated;  instead,  a  relatively 
simple  and  advantageous  pH-control  technique  was  developed 
that  is  substantially  free  from  these  factors,  and  from  the  recent 
specification  that  the  buffer  should  be  prepared  fresh  each  week 

m. 

In  earlier  methods,  no  extraneous  acid  or  alkali  is  added  during 
the  titration,  for  0.05  N  thorium  nitrate  itself  has  approximately 
the  same  pH,  2.8,  as  that  established  by  the  choroacetate  buffer 
(3,  15,  21).  Thus,  the  primary  function  of  the  buffer  has  been 
that  of  adjusting  the  initial  acidity  of  the  analytical  solution. 
Indeed,  addition  of  a  buffer  is  unnecessary  (3)  if  sufficient  care 
is  taken  to  adjust,  with  dilute  hydrochloric  acid,  the  acidity  of 
the  solution  before  titration.  Hydrochloric  acid,  however,  affects 
the  acidity  too  strongly.  It  changes  the  pH  of  water  from  3.01 
at  a  concentration  of  0.001  M  to  2.02  at  0.01  M,  whereas  acetic 
acid  changes  the  pH  of  water  only  from  3.37  at  0.01  M  to  2.87  at 
0.1  M  (6) — that  is,  acetic  acid  affects  the  pH  only  a  twentieth 
as  strongly  as  does  hydrochloric  acid.  Being  stable,  readily 
obtainable  in  high  purity,  and  free  from  variations  in  composition 
attributable  to  half-neutralization,  acetic  acid  is  a  highly  satis¬ 
factory  agent  for  controlling  the  acidity  or  pH. 

Optimum  pH.  In  a  search  to  determine  the  optimum  pH, 
many  data,  which  are  presented  in  Figure  2,  were  obtained  with 
50-ml.  synthetic  mixtures  that  simulated  analytical  solutions  in 
containing  an  -aggregate  of  10.00  ml.  of  0.0500  N  solutions  of 
sodium  carbonate  and  sodium  fluoride.  These  mixtures  were 
titrated  with  0.05  N  hydrochloric  acid;  were  boiled  for  several 
minutes  to  remove  most  of  the  carbon  dioxide;  were  titrated 
again  while  still  hot;  were  cooled  to  room  temperature;  and, 
after  addition  of  various  amounts  of  acetic  acid  and  dilution  to 
approximately  50  ml.,  were  titrated  with  0.05  N  thorium  nitrate. 
After  the  titration,  the  pH  was  measured  with  a  Beckman 
industrial  model  pH  meter,  and  the  reading  was  corrected  to  a 
temperature  of  25°  C.  For  comparison,  Figure  2  includes  some 
data  obtained  by  the  use  of  the  chloroacetate  buffer,  of  no 
buffer  or  excess  acid,  and  of  benzoic  acid. 


The  data  provide  a  usefi 
correlation  between  pH  an 
thorium  nitrate  titer.  Froi 
the  left-most  curve  in  Figur 
2,  it  is  apparent  that,  fc 
small  amounts  of  fluoride,  th 
lower  limit  for  the  pH  shoul 
not  be  much  below  3.0.  Be 
low  this  pH,  the  thorium  n 
trate  required  for  zero  fluoric! 
progressively  increasec 
rapidly  becoming  excessivel 
large;  above  this  pH,  th 
thorium  nitrate  was  constan 
at  0.010  to  0.015  ml.  (reac 
ings  were  made  to  the  neare; 
0.005  ml.).  Aside  from  sto 
chiometric  requirements, 
practical  upper  limit  is  detei 
mined  by  the  fact  that,  fc 
considerable  amounts  of  flue 
ride,  the  end  point  is  ii 
distinct  (22)  above  a  pH  e 
3.5,  requiring  “building  up 
to  the  proper  intensity. 

Obviously,  the  optimum  p] 
should  be  such  that  the  reli 
tionship  between  fluoride  and  thorium  nitrate  is  rectilinear.  Whe 
the  chloroacetate  buffer  is  used,  this  relationship  has  been  r< 
ported  to  depart  from  a  straight  line  in  the  vicinity  of  0.1  m; 
of  fluoride  (21);  the  divergence  from  a  straight  line  is  detectabl 
however,  for  much  larger  amounts.  From  the  geometric! 
relationships  of  the  curves  in  Figure  2  for  various  amounts  < 
sulfate-free  fluoride  (0.000,  0.100,  0.500,  1.000,  5.00,  and  10.C 
ml.  of  0.0500  N  sodium  fluoride),  it  may  be  seen  that  there  is  n 
pH  at  which  this  divergence  vanishes  for  so  large  a  range  as 
to  10  mg.  of  fluoride.  The  nearest  approach  to  a  single-value 
optimum  pH  is  3.30,  inasmuch  as  the  divergence  is  in  one  directio 
for  lower  values  and  in  the  opposite  direction  for  higher  value; 
But,  at  this  pH,  the  divergence  practically  vanishes  for  only  tl 
range  of  0  to  1  mg.  of  fluoride,  so  that  the  relationship  betwee 
fluoride  and  thorium  nitrate  is  rectilinear  for  an  undesirabl 
limited  range;  furthermore,  although  rectilinear,  this  relatioi 
ship  is  not  stoichiometrically  correct. 

Instead  of  attempting  to  maintain  a  single  pH,  an  advantageoi 
alternative  is  so  changing  the  pH  during  the  titration  that  tl 
relationship  between  fluoride  and  thorium  nitrate  is  both  rect 
linear  and  stoichiometrically  correct.  According  to  this  alte: 
native,  the  pH  must  follow  the  path  indicated  by  the  broke 
transverse  line  in  Figure  2 — that  is,  the  optimum  pH,  as  define 
by  this  path,  decreases  from  an  initial  value  of  approximate! 
3.35  in  correspondence  with  the  amount  of  fluoride  present. 

Control  of  pH.  The  pH  can  be  automatically  decrease 
during  the  titration  by  incorporating  acetic  acid  in  the  thoriui 
nitrate  solution,  which  otherwise,  because  of  its  diluting  effec 
increases  the  pH  slightly.  From  an  experimental  correlatio 
between  pH  and  concentration,  the  appropriate  concentration  < 
acetic  acid,  for  0.05  N  thorium  nitrate,  was  found  to  be  1.2  M. 

Accordingly,  in  this  method,  the  pH  is  controlled  by  adding  t 
the  50-ml.  analytical  solution,  after  the  titration  with  0.05  j 
hydrochloric  acid,  1  ml.  of  0.40  M  acetic  acid,  to  bring  the  p. 
to  the  proper  initial  value;  and  by  using  as  the  titrating  reager 
a  0.0500  N  (or  0.0125  M)  solution  of  thorium  nitrate  in  1.2  J 
acetic  acid.  The  manipulations  required  during  a  determinatio 
are  identical  with  those  required  when  the  chloroacetate  buffi 
is  used. 

Titration  Blank.  In  this  method  the  so-called  titratio 
blank,  which  is  the  volume  of  thorium  nitrate  solution  require 
for  zero  fluoride,  is  determined  directly  and  once  for  all,  inasmuc 
as  it  is  constant  and  is  identical  with  the  experimental  vain 
In  this  respect,  it  differs  advantageously  from  that  in  methods  i 
which  it  is  found  by  extrapolation  (3,  21,  24) ;  furthermore,  it 
free  from  the  inaccuracy  present  when  either  of  the  two  know 
amounts  of  fluoride  that  must  be  titrated  in  the  extrapolatic 
methods  differs  considerably  from  the  amount  in  the  analytic 
solution  itself. 

Temperature  of  Titration.  Although  an  increase 
temperature  decreases  slightly  the  thorium  nitrate  titer  (21),  tl 
decrease  is  so  small  that  cooling  the  solution,  after  expellii 
carbon  dioxide,  is  not  necessary. 

Standardization  of  Thorium  Nitrate.  For  routine  anal, 
ses,  standardization  of  the  thorium  nitrate  does  not  appear 
be  necessary  when  this  solution  is  made  from  the  c.p.  tetr 
hydrate,  but  it  is  necessary  when  the  solution  is  made  from  t 
dodecahydrate,  which  varies  appreciably  in  water  conter 
The  standardization  preferably  should  be  made  by  titratii 
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Tabic  I.  Correlation  of  Fluoride  and  Thorium  Nitrate 

0.0500  N 


0.0500  N 

0.0500  N 

Fluorine 

0.0500  N 

Th(NOs)i  in 

elution 

Na2CO, 

NaF 

Present 

HC1 

1.2  M  HOAc 

ML 

Ml. 

Mg. 

ML 

ML 

•  1 

10.00 

0.000 

0.0000 

10.00 

0.010 

2 

9.99 

0.010 

0.0095 

9.99 

0.020 

3 

9.95 

0.050 

0.0475 

9.95 

0.060 

i  4 

9.90 

0.100 

0.095 

9.90 

0.110 

5 

9.50 

0.500 

0.475 

9.52 

0.510 

I  6 

9.00 

1.000 

0.950 

9.04 

1.010 

7 

6.00 

5.00 

4.75 

6.22 

5.01 

8 

0.00 

10.00 

9.50 

0.45 

10.01 

9 

0.00 

20.00 

19.00 

1.05 

20.02 

10 

0.00 

30.00 

27.50 

1.62 

30.3 

11 

0.00 

50.00 

47.50 

3.80 

50.5 

gainst  0.05  N  sodium  fluoride  rather  than  by  precipitation  as 
he  oxalate  and  ignition  to  thoria  (15,  24),  which  is  likely  to  give 
jw  results  because  of  solubility  of  the  oxalate,  especially  in 
cidic  solutions.  For  precise  work,  either  the  solution  should  be 
tandardized  or  the  salt  should  be  preliminarily  analyzed  by 
gnition  to  thoria,  for  even  the  tetrahydrate  varies  slightly  in 
rater  content. 

The  data  of  Table  I  demonstrate  the  rectilinear  and  stoichio¬ 
metric  correctness  of  this  method.  Appreciable  divergence, 
pparently  because  of  depletion  of  the  indicator  by  dilution  and 
iy  adsorption  by  the  precipitated  thorium  fluoride,  begins  only 
rhen  the  fluoride  exceeds  about  20  mg. 

Interference  by  Sulfate.  The  interference  by  sulfate  has 
>een  reported  to  result  in  an  error  of  0.015  mg.  of  fluorine  for  2  mg. 
if  sulfate  (21).  From  data  in  Figure  2  that  were  obtained  with 
ynthetic  mixtures  containing  12  mg.  of  sulfate  (5.00  ml.  of 
(.0500  N  sulfuric  acid),  it  is  apparent  that  the  interference 
lepends  not  only  on  the  amount  of  sulfate  but  also  on  the  amount 
>f  fluoride  and  on  the  pH.  In  fact,  at  sufficiently  high  pH, 
he  interference  disappears;  but  use  of  such  high  pH  is  undesir- 
ible  because  it  makes  the  end  point  indistinct  and  the  re- 
ationship  between  fluoride  and  thorium  nitrate  neither  recti- 
inear  nor  stoichiometrically  correct.  It  may  be  noted,  from  the 
dH  relationships  discernible  in  Figure  2,  that,  in  comparison 
vith  a  method  using  a  constant  pH  of  about  2.8,  this  method  de- 
ireases  markedly  the  interference  by  sulfate  for  small  amounts  of 
luoride,  below  about  3  or  4  mg.  Additional  correlative  data,  ob¬ 
tained  with  synthetic  mixtures,  are  given  in  Table  II. 

A  simple  method  of  correcting  for  the  interference  by  sulfate 
els  described  below. 

Interference  by  Sodium  Salts.  Two  divergent,  puzzling 
types  of  sodium-salt  interference  have  been  reported  (21)]  both 
[types  are  readily  understood  in  the  light  of  the  present  investiga¬ 
tion.  Only  one  of  these  types  can  be  detected  when  acetic  acid 
is  used  instead  of  the  chloroacetate  buffer.  This  type  is  due  to 
the  depressing  effect  of  the  sodium  salt  on  the  pH.  The  data  of 
Table  III,  which  were  obtained  with  preliminary  addition  of 
various  amounts  of  sodium  chloride,  follow  within  experimental 
error  the  corresponding  curves  of  Figure  2 — that  is,  the  thorium 
nitrate  titer  increased  in  correspondence  with  decrease  in  pH. 
When  the  sodium  salt  is  derived  from  the  use  of  0.05  N  sodium 
carbonate  as  an  absorbent,  this  type  of  interference  is  negligible, 
for  10  ml.  of  this  solution  corresponds  to  less  than  30  mg.  of  so¬ 
dium  chloride. 

The  other  type  of  interference  was  found  to  be  only  apparently 
caused  by  the  sodium  salt,  being  really  due  to  an  interfering  effect 
of  the  chloroacetate  buffer.  This  effect  is  illustrated  by  data  in 
Figure  2,  for  0  and  4.75  mg.  of  fluoride,  that  were  obtained  by  the 
use  of  0.5,  1,  2,  5,  and  10  ml.  of  the  buffer  (0.5  M  chloroacetic 
acid,  0.5  M  sodium  chloroacetate) ;  corresponding  to  progressive 
decrease  in  pH  with  increase  in  amount  of  buffer,  the  relationship 
between  thorium  nitrate  and  posttitration  pH  abruptly  changed 
,  from  that  found  by  the  use  of  acetic  acid  in  the  absence  of  sulfate 
to  approximately  that  found  by  the  use  of  acetic  acid  in  the  pres- 
1  ence  of  12  mg.  of  sulfate.  As  is  shown  by  the  data  of  Table  IV, 


in  accordance  with  the  type  of  sodium-salt  interference  already 
discussed,  the  addition  of  1000  mg.  of  sodium  chloride  depressed 
the  pH  and  increased  the  thorium  nitrate  titer.  But,  for  any 
particular  posttitration  pH,  the  addition  apparently  decreased 
the  titer,  markedly  so  for  zero  fluoride.  For  example,  in  an 
extreme  instance,  for  a  pH  of  2.59,  in  the  absence  of  fluoride, 
the  thorium  nitrate  titer  appeared  to  decrease  from  1.040  to 
0.165  ml.  In  reality,  the  apparent  decrease  was  due  to  the  fact 
that  the  smaller  titer  was  for  a  solution  having  the  smaller  amount 
of  buffer  and  consequently  the  smaller  interfering  effect. 

Interference  by  Silica,  Evaporation,  etc.  Some  puzzling 
interfering  effects  reported  in  the  literature  are  explainable  in  the 
light  of  the  correlationship  between  pH  and  thorium  nitrate 
titer  that  is  presented  by  Figure  2.  Concentration  by  evapora¬ 
tion  of  alkaline  (phenolphthalein)  sodium  fluoride  solutions  led 
to  low  thorium  nitrate  titers  when  silica,  added  as  sodium  silicate, 
was  present  (21,  Table  II);  this  effect  appears  to  have  been  due 
to  an  increase  in  pH  by  the  sodium  silicate,  for  the  solution  ap¬ 
parently  was  not  titrated  with  an  acid  before  addition  of  the 
chloroacetate  buffer.  This  view  is  strengthened  by  the  fact 
that,  when  the  sodium  silicate  was  equivalent  to  so  much  as  7.6 
mg.  of  silica,  there  was  observed  an  indistinct  end  point,  which 
indicates  a  pH  of  3.5  or  more.  Evaporation  of  perchloric  acid 
distillates  from  phosphate  rock  led  to  relatively  slightly  low  titers 
(21,  Table  III);  this  effect  appears  to  have  been  due  to  increase 
in  pH  by  removal  of  acid  that  had  been  carried  over  (10)  in  the 
distillation.  Blank  distillates  from  perchloric  acid  consumed 
more  thorium  nitrate  than  was  required  by  the  titration  blank 
(21,  Table  IV);  this  effect  appears  to  have  been  due  to  increase 
in  pH  by  acid  carried  over  (10)  in  the  distillation. 

As  is  obvious  from  either  Figure  2  or  Table  IV,  the  thorium 
nitrate  titer  is  exceedingly  sensitive  to  slight  pH  changes  in  the 
region  for  which  the  chloroacetate  buffer  was  designed.  No 
reliance  should  be  placed  on  the  buffer  action  of  the  chloroacetate 
buffer  to  counteract  any  acid  or  alkali;  addition  of  this  buffer,  if 
used  at  all,  should  be  preceded  by  a  rough  adjustment  of  acidity 
with  dilute  acid  or  alkali.  This  precaution  must  also  be  observed 
when  acetic  acid  is  used.  In  this  connection,  the  data  of  Table  V 
are  of  interest,  inasmuch  as  they  indicate  the  influence  of  un¬ 
expelled  carbon  dioxide. 


Table  II. 

Correlation 

of  Sulfate, 

Fluoride,  and 

Thorium  Nitrate 

0.0500  N 

0.0500  N 

0.0500  N 

0.0500  N 

Th(NOi>4  in 

Solution 

NatCO* 

NaF 

H1SO4 

1.2  M  HOAc 

Ml. 

ML 

ML 

Ml. 

12 

5.00 

5.00 

1.00 

6.17 

13 

5.00 

5.00 

2.00 

5.28 

14 

5.00 

5.00 

3.00 

5.36 

15 

5.00 

5.00 

4.00 

5.49 

16 

5.00 

5.00 

5.00 

5.64 

17 

10.00 

0.00 

5.00 

0.030 

18 

9.00 

1.00 

5.00 

1.17 

19 

8.00 

2.00 

5.00 

2.29 

20 

7.00 

3.00 

5.00 

3.43 

21 

6.00 

4.00 

5.00 

4.52 

22 

20.00 

0.00 

0.00 

0.010 

23 

10.00 

10.00 

0.00 

10.07 

24 

15.00 

5.00 

5.00 

5.64 

25 

15.00 

5.00 

10.00 

5.86 

26 

15.00 

5.00 

15.00 

6.05 

27 

10.00 

10  00 

5.00 

10.98 

28 

5.00 

15.00 

5.00 

16.51 

Table  III. 

Correlation  of  Sodium  Chloride  with  pH  and  Thorium 

Nitrate 

No  Fluoride  Present 

4.75  Mg.  of  Fluoride  Present 

NaCl 

pH 

pH 

Added 

(25°  C.) 

Th(NOi)<“ 

(25°  C.) 

Th(NOi)«° 

Mg. 

ML 

ML 

0 

3.36 

0.010 

2.85 

4.97 

85 

3.33 

0.015 

2.82 

4.99 

985 

3.21 

0.010 

2.71 

5.06 

4985 

2.99 

0.015 

2.45 

5.12 

°  0.0500  N,  in  1.2  M  acetic  acid. 
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Table  IV.  Correlations  of  Sodium  Chloride  and  of  Chloroacetate 
Buffer  with  pH  and  Thorium  Nitrate 


No  Fluoride  Present  4.75  Mg.  of  Fluoride  Present 

1000  Mg.  of  1000  Mg.  of 

No  NaCl  Added  NaCl  Added  No  NaCl  Added  NaCl  Added 


Buffer 

pH 

pH 

pH 

pH 

Added 

Ml. 

(25°  C.)  Th(N03)4° 
Ml. 

(25°  C.)  Th(N03)4a 
Ml. 

(25°  C.)  Th(N03)j“ 
Ml. 

(25°  C.)  Th(N03) 
Ml. 

0.5 

2.88 

0.020 

2.78 

0.035 

2.92 

4.90 

2.80 

4.90 

1.0 

2.79 

0.030 

2.67 

0.065 

2.80 

4.97 

2.70 

5.07 

2.0 

2.73 

0.080 

2.59 

0.165 

2.74 

5.07 

2.64 

5.20 

5.0 

2.65 

0.555 

2.52 

0.790 

2.65 

5.37 

2.57 

5.58 

10.0  2.59 

°  0.0500  N,  in 

1.040  2.47 

1.2  M  acetic  acid. 

2.47 

2.61 

6.09 

2.54 

6.30 

Table  V.  Influence  of  Boiling  on  Thorium  Nitrate  Titer 


final  pH  and  correspondingly  required  the  smalles 
titer.  The  solutions  that  were  boiled  before  additioi 
of  any  hydrochloric  acid  contained  practically  a 
much  hydrochloric  acid  as  those  boiled  after  a  pre 
liminary  titration  in  the  cold  and,  in  addition,  re 
tained  much  of  the  original  content  of  carbon  <li 
oxide :  consequently,  these  solutions  had  the  lowes 
final  pH  and  correspondingly  required  the  larges 
titer. 

From  Figure  2,  it  appears  that  the  thorium  nitrati 
titer  is  less  sensitive  to  slight  pH  changes  in  thl 
method  than  in  that  using  the  chloroacetah 
buffer,  especially  for  small  amounts  of  fluoride. 


Boiling 

0.0500  N  HC1  Used 

0.0500  N 
Th(N03)4  in 

1.2  M  HOAc 

Av. 

Period 

Cold 

Hot 

Total 

Titer 

Min. 

Ml. 

Ml. 

Ml. 

Ml. 

Ml. 

COj-saturated  mixture  of  5.00  ml.  of  0.0500  N  Na2C03  +  5.00  ml.  of 

0.0500  N  NaF 

0 

4.80 

4.80 

4.97 

0 

4.81 

4.81 

4.99 

4.967 

0 

4.84 

4.84 

4.94 

5 

4.85 

0.32  ' 

5.17 

4.99 

5 

4.86 

0.27 

5.13 

4.97 

>4 . 973 

15 

4.84 

0.35 

5.19 

4.96 

5 

5.00 

5.00 

5.00 

5 

5.00 

5.00 

5.00 

>5 . 020 

15 

5.20 

5.20 

5.06 

C02-saturated  mixture  of  8.33  ml. 

of  0.0500  N  Na2COa  +  5.00  ml.  of 

0.0083  M  Na2SiF6 

0 

5.10 

5.10 

4.90 

0 

5.02 

5.02 

4.93 

4.917 

0 

4.99 

4.99 

4.92 

5 

4.77 

0.35 

5.12 

4.96 

5 

4.78 

0.38 

5.16 

4.92 

4.943 

15 

4.85 

0.48 

5.23 

4.95 

5 

5.12 

5.12 

4.99 

5 

5.18 

5.18 

4.97 

4.967 

15 

5.17 

5.17 

4.94 

These  data  were  obtained  primarily  to  test  whether  appreciable 
fluoride  is  lost  during  the  boiling  to  expel  carbon  dioxide.  They 
were  obtained  with  two  sets  of  carbon  dioxide-saturated  syn¬ 
thetic  mixtures,  which  simulated  analytical  solutions  such  as 
might  be  obtained  by  absorption,  in  10  ml.  of  0.05  N  sodium 
carbonate,  of  approximately  4.75  mg.  of  fluorine  as  hydrogen 
fluoride  or  silicon  tetrafluoride.  Inasmuch  as  the  purity  of  the 
sodium  fluosilicate  used  for  one  set  was  not  known,  the  absolute 
values  of  the  titers  are  not  comparable  for  the  two  sets  of  mixtures, 
but  the  titers  within  each  set  are  comparable  among  themselves. 
Of  each  set,  the  first  three  solutions  were  titrated  with  hydro¬ 
chloric  acid  without  being  boiled;  the  next  three,  after  a  pre¬ 
liminary  titration  with  hydrochloric  acid  in  the  cold,  were  boiled 
at  such  a  rate  that  approximately  10  ml.  of  water  were  vaporized 
in  5  minutes,  and  then  were  titrated  at  once  without  cooling  or 
further  heating;  the  last  three  were  boiled  similarly  but  before 
addition  of  any  acid,  and  then  were  titrated  without  cooling  or 
further  heating.  Each  of  the  resulting  acidified  mixtures  was 
diluted  to  approximately  50  ml.  and  was  titrated,  after  addition 
of  1  ml.  of  0.40  M  acetic  acid,  with  0.0500  N  thorium  nitrate  in 
1.2  M  acetic  acid. 

The  most  important  indication  discernible  from  these  data  is, 
of  course,  that  the  boiling,  even  when  continued  for  so  long  as 
15  minutes  and  when  the  solution  is  acidified  (the  indicator,  be¬ 
cause  of  escape  of  carbon  dioxide,  became  pink  before  boiling 
began),  causes  no  detectable  loss  of  fluoride.  Of  most  pertinent 
present  interest,  however,  is  the  indication  that  the  absolute 
value  of  the  titer  depends  to  a  detectable  extent  upon  the  exact 
pretitration  procedure  employed.  In  each  set,  the  average  titer 
was  smallest  for  the  solutions  that  were  not  boiled  at  all,  and  it 
was  largest  for  the  solutions  that  were  boiled  before  addition  of 
any  hydrochloric  acid,  when  they  were  relatively  strongly  alkaline. 
This  behavior,  which  at  first  appears  anomalous,  is  readily  under¬ 
stood  from  a  consideration  of  the  relative  pH  values  of  the  solu¬ 
tions,  as  indicated  by  the  hydrochloric  acid  titration  data.  The 
unboiled  solutions  contained  least  hydrochloric  acid,  for  carbon 
dioxide  was  not  expelled;  consequently,  they  had  the  highest 


CORRECTING  FOR  INTERFERING  FACTORS 

Correcting  for  significant  interfering  factors  can  be  simplj 
effected  in  view  of  the  following  considerations: 

Ideally,  or  in  the  absence  of  interfering  factors,  the  data  fron 
the  hydrochloric  acid  titration  of  a  solution  obtained  by  absorbing 
in  V  ml.  of  0.0500  N  sodium  carbonate  the  acidic  combustioi 
products  from  an  analytical  sample  should  satisfy  the  following 
equation,  in  which  capital  letters  indicate  quantities  direct!} 
measured. 

A  +  /  +  s  =  V 

in  which  A  =  ml.  of  0.0500  N  hydrochloric  acid  required 

/  =  ml.  of  0.0500  N  hydrofluoric  acid  equivalent  tc 
the  fluorine  in  the  sample  burned 
and  s  =  ml.  of  0.0500  N  sulfuric  acid  equivalent  to  the 
sulfur  in  the  sample  burned 

However,  this  equation  would  be  correct  only  if  the  finai 
mixture  were  somehow  separated  into  several  solutions,  each 
containing  only  one  salt  and  having  the  pH  of  the  equivalence 
point  of  this  salt,  for  it  is  impossible  to  select  one  particular  pH 
as  indicating  a  stoichiometrically  valid  composite  equivalence 
point  for  all  obtainable  mixtures  of  the  sodium  salts  of  carbonic, 
hydrofluoric,  sulfuric,  and  hydrochloric  acids.  Conversely,  in 
practice,  in  which  one  pH  must  be  selected,  the  hydrochloric 
acid  titration  necessarily  is  not  generally  a  neutralization  in  the 
strict  sense  of  yielding  a  solution  reproducible  by  dissolving  in 
water  the  appropriate  salts. 

The  situation  can  be  readily  improved.  Carbonic  acid  can  be 
eliminated  by  boiling.  Sodium  sulfate  and  sodium  chloride, 
being  salts  of  strong  acids,  have  substantially  identical  equiva¬ 
lence  points,  which  can  be  satisfactorily  indicated  by  sodium 
alizarin  sulfonate.  Each  of  the  three  terms  on  the  left  side  of 
the  equation  can  be  corrected  for  interfering  factors  or  can  be 
expressed  in  terms  of  the  analytical  data  and  readily  determinable 
constants. 

Correcting  for  Buffer  Action  of  Sodium  Fluoride.  Be¬ 
cause  the  buffer  action  of  sodium  fluoride  causes  A  to  be  too  large, 
A  should  be  decreased  by  a  small  volume  that  is  proportional  to 
the  amount  of  fluoride,  or  to  the  thorium  nitrate  equivalent  to 
the  fluoride.  Thus,  A  should  be  corrected  to  A  —  pT,  in  which 
T  is  the  volume,  minus  the  titration  blank,  of  0.0500  N  thorium 
nitrate  required  to  titrate  the  fluoride,  and  p  is  an  experimentally 
determinable  proportionality  constant. 

Correcting  for  Interference  by  Sulfate.  In  the  absence 
of  any  interference,/  =  T.  Accordingly,  when  fluoride  is  absent, 
T  =  0;  but,  in  the  presence  of  the  interference  by  sulfate,  T  is 
a  small  volume,  v,  that  is  obviously  proportional  to  the  amount  of 
sulfate.  That  is,  v  =  qs,  in  which  q  is  an  experimentally  deter¬ 
minable  constant.  However,  when  fluoride  is  present,  v  is  in¬ 
adequate  as  a  correction  for  the  interference  by  sulfate,  for  this 
interference  is  increased  in  proportion  to  the  amount  of  fluoride, 
or  to  the  thorium  nitrate  required — that  is,  the  full  correction  is 
c  =  t>(  1  +  kT),  in  which  k  is  an  experimentally  determinable 
constant.  Hence,  /  =  T  —  c,  and  s  —  v/q  =  c/q{  1  +  kT). 

Rewriting  the  left  side  of  the  equation  for  the  hydrochloric  acid 
titration  with  the  corrected  or  re-expressed  terms,  and  solving  for 
the  correction  for  interference  by  sulfate,  gives 

c  =  g(l  +  kT)(V  -  A  +  pT  -  T)/[  1  -  q{  1  +  kT) \ 

CORRECTED  FLUORINE  AND  SULFUR  CONTENTS 

The  corrected  volume  of  0.0500  N  thorium  nitrate  is 
T  -  c  =  T  -  q(  1  +  fcT)(F  —  A  +  pT  —  T)/[  1  -  q(  1  +  kT)] 
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The  fluorine  content  in  per  cent  by  weight  is 
F  =  0.095(T  -  c)/W 

i 

i  which  W  is  the  weight  of  the  sample  burned  in  grams.  _ 

Except  for  correcting  T,  A  is  not  needed  for  the  determination 
t  F.  But  A  is  of  prime  importance  when  sulfur  is  determined 
Jj  well  as  fluorine.  Ideally,  in  the  absence  of  any  interfering 
.ctor,  the  sulfur  content  in  per  cent  by  weight  would  be 

S  =  0.08(7  -  A)/W  -  0.842F 

,  When  A  is  corrected,  as  before,  for  the  buffer  action  of  sodium 
uoride,  the  sulfur  content  is 

S  =  0.08(7  —  A  +  pT)/W  -  0.842F 

In  the  present  method,  the  absorbent  volume,  7,  of  0.0500  N 
>dium  carbonate,  is  preferably  10.00  ml.  From  the  data  of 
olutions  8  and  9,  Table  I,  for  the  excess  of  hydrochloric  acid 
squired  because  of  the  buffer  action  of  sodium  fluoride,  the  value 
f  p  averages  0.05  ml.  of  0.05  N  hydrochloric  acid  for  each 
dlliliter  of  0.05  N  thorium  nitrate  required.  From  the  data 
f  Solution  17,  Table  II,  5  ml.  of  0.05  N  sulfuric  acid  increase 
le  titration  blank  (Solution  1,  Table  I)  by  v  =  0.020  ml.,  so 
rnt  q  is  0.004  ml.  of  0.05  N  thorium  nitrate  for  each  milliliter  of 
05  N  sulfuric  acid.  From  the  data  of  Solution  16,  Table  II, 
i  comparison  with  those  of  Solution  7,  Table  I,  5  ml.  of  0.05  N 
flfuric  acid  increase  the  thorium  nitrate  titer  for  5  ml.  of  0.05  N 
xlium  fluoride  by  c  =  0.63  ml.,  so  that  k  =  (c  —  v)/vT  = 
).63  —  0.02)/(0.02  X  5.63)  =  5.4  for  each  milliliter  of  0.05  N 
lorium  nitrate  required.  Inasmuch  as  the  function  of  these 
uantities  is  merely  corrective,  evaluation  to  one  or  at  most  two 
gnificant  figures  is  adequate. 


When  these  values  are  used,  the  equations  for  fluorine  and 
sulfur  contents  become 

F  = 

0.095 [T  -  (1  +  5.4T)(10.00  -  .4  -  0.95T)/(249  -  5.4T)]/IF 

and  S  =  0.08(10.00  -  A  +  0.05T)/I7  -  0.842F 

These  equations,  which  require  only  the  analytical  data,  are 
most  easily  used  in  the  form  of  nomographs,  such  as  those  com¬ 
bined  in  Figure  3,  to  conserve  space,  into  a  composite  nomo¬ 
graph  having  the  minimum  number  of  lines  and  scales. 

In  view  of  the  indication,  by  the  datai  n  Table  II  for  solutions 
equivalent  to  an  absorbent  of  20  ml.  of  0.05  N  sodium  carbonate, 
that  the  relationship  between  c  and  T  departs  from  rectilinearity 
for  exceedingly  large  amounts  of  fluoride  or  sulfate,  17  preferably 
should  be  so  selected  that  the  aggregate  of  fluorine  and  sulfur 
is  equivalent  to  less  than  10  ml.  of  the  absorbent,  even  when  7  is 
more  than  this  volume. 

DETERMINATION  OF  OTHER  HALOGENS 

When  sulfur  is  absent,  the  acidimetric  part  of  this  method  is 
applicable  to  the  determination  of  a  halogen  other  than  fluorine, 
provided  that  only  one  such  halogen  is  present.  The  equation 
for  the  content  of  such  halogen  differs  from  that  for  sulfur  in  only 
the  numerical  coefficients.  For  example,  for  chlorine  the  content 
in  weight  per  cent  is 

Cl  =  0.1773(7  —  A  +  0.05T)/W  -  1.866F 

Inasmuch  as  the  value  thus  obtained  is  subject  to  the  ex¬ 
perimental  errors  of  both  the  acidimetric  determination  and 
the  fluoride  determination,  the  accuracy  cannot  be  expected  to 
equal  that  of  a  method  specific  for  such  halogen.  Because  c  = 

0  when  sulfur  is  absent,  the  equation  for  fluorine  content  simpli¬ 
fies  to 

F  =  0.095T/I7 

DETERMINATION  OF  ORGANIC  FLUORINE  AND  ORGANIC  SULFUR 

Apparatus.  In  the  fluorine  analysis  of  a  combustible  material, 
such  as  a  liquid  hydrocarbon,  a  lamp  assembly  incorporating  the 
absorption  apparatus  illustrated  in  Figure  1  is  used.  For  gaseous 
sample^  the  wick- type  lamp  (11,  28)  is  replaced  by  a  simple  glass 
burner  (19))  for  liquefied  gas-and-liquid  samples,  a  glass  tube 
containing  a  wick  is  satisfactory.  For  involatile  or  difficully 
combustible  samples,  the  lamp  assembly  may  be  replaced  by  a 
high-pressure  combustion  bomb  in  which  the  absorbent  is  placed 
and  in  which  0.2  to  1  gram  of  the  sample  is  burned  in  the  custom¬ 
ary  manner  (2))  but  relatively  better  recovery  of  fluorine 
appears  to  be  obtained  by  dissolving  the  sample  in  isooctane,  and 
burning  in  a  lamp  assembly.  In  addition  to  the  lamp  assembly, 
which,  for  routine  analyses,  is  in  a  bank  of  about  six  assemblies, 
a  125-ml.  Erlenmeyer  flask,  a  10-ml.  buret,  a  5-  or  10-ml.  micro¬ 
buret  graduated  in  0.02  ml.,  and  some  1-  and  10-ml.  pipets  are 
used. 

Reagents.  For  plant-control  work,  each  of  the  0.0500  N 
solutions  of  sodium  carbonate  and  hydrochloric  acid  is  con¬ 
veniently  prepared  without  standardization  by  diluting  a  com¬ 
mercial  1/10-equivalent  preparation  to  2000  ml.  in  a  volumetric 
flask;  for  precise  work,  the  solutions  should  be  standardized. 
The  indicator  is  prepared  by  dissolving  0.25  gram  of  sodium 
alizarin  sulfonate  in  water  and  diluting  to  1000  ml.  The  0.40  M 
acetic  acid  is  prepared  by  diluting  23  ml.  (24  grams)  of  glacial 
acetic  acid  to  1000  ml.  The  0.0500  N  thorium  nitrate  in  1.2  M 
acetic  acid  is  prepared  by  dissolving  13.81  grams  of  c.p.  thorium 
nitrate  tetrahydrate  in  water,  adding  138  ml.  (144  grams)  of 
glacial  acetic  acid,  and  diluting  to  2000  ml.  in  a  volumetric 
flask;  experience  indicates  that  this  solution  can  serve  as  a  pri¬ 
mary  standard,  but  if  prepared  from  the  dodecahydrate  (17.41 
grams)  it  must  be  standardized  against  0.0500  N  sodium  fluoride, 
which  is  prepared  by  dissolving  2.100  grams  of  c.p.  sodium 
fluoride,  previously  dried  at  about  115°  C.  for  an  hour,  in  enough 
water  to  make  1000  ml.  Standardization  as  to  acid  content  of 
the  two  solutions  containing  acetic  acid  is  not  necessary. 

Color  Standards.  For  the  color  standards,  two  stock  solu¬ 
tions  are  prepared:  cobalt  nitrate,  containing  10.0  grams  of  the 
c.p.  hexahydrate  per  liter;  and  sodium  chromate,  containing 
0.125  gram  of  the  c.p.  tetrahydrate  (this  particular  hydrate  must 
be  used)  per  liter.  The  color  standard  for  the  hydrochloric  acid 
titration  is  made  by  mixing  in  a  125-ml.  Erlenmeyer  flask  6  ml. 
of  the  cobalt  solution,  20  ml.  of  the  chromate  solution,  and  24  ml. 
of  water.  The  color  standard  for  the  thorium  nitrate  titration  is 
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Table  VI.  Typical  Duplicate  Determinations  of  Fluorine  and  Sulfur 
in  Synthetic  Mixtures 


Hydro- 

0.0500 

Fluo- 

Fluo- 

carbon  in 

Sample 

N 

0.0500  N 

rine 

rine 

Sulfur 

Sulfur 

Mixture 

Burned 

HC1  Th(NOa)«° 

Present 

Found 

Present 

Found 

Grams 

Ml. 

Ml. 

% 

% 

% 

% 

Isooctane 

4.33 

9.88 

0.015 

0.0000 

0.0000 

0.0011 

0.002 

3.49 

9.97 

0.015 

0.0000 

0.0000 

0.0011 

0.001 

n-Heptane 

3.86 

9.92 

0.015 

0.0000 

0.0000 

0.0021 

0.002 

4.27 

9.78 

0.015 

0.0000 

0.0000 

0.0021 

0.004 

3.98 

9.87 

0.035 

0.0005 

0.0005 

0.0021 

0.002 

4.31 

9.74 

0.040 

0 . 0005 

0 . 0005 

0.0021 

0.003 

4.91 

9.65 

0.260 

0.0080 

0 . 0047 

0.0021 

0.002 

4.58 

9.51 

0.245 

0.0050 

0.0047 

0.0021 

0.005 

Isooctane 

4.84 

7.48 

2.58 

0.0507 

0 . 0502 

0.0011 

0.002 

4.56 

7.55 

2.44 

0.0507 

0.0503 

0.0011 

0.003 

4.45 

1.07 

9.31 

0 . 2004 

0.198 

0.0011 

0.002 

3.84 

2.25 

8.06 

0.2004 

0.197 

0.0011 

0.004 

4.96 

9.25 

0.020 

0.0000 

0.0000 

0.0121 

0.012 

4.68 

9.20 

0.020 

0.0000 

0.0000 

0.0121 

0.014 

4.57 

4.04 

0.045 

0.0000 

0.0000 

0.1113 

0.104 

4.45 

3.90 

0.030 

0 . 0000 

0.0000 

0.1113 

0.110 

4.23 

6.84 

0.290 

0.0050 

0.0055 

0.0563 

0.055 

4.07 

6.93 

0.285 

0.0050 

0.0056 

0.0563 

0.056 

4.75 

4.33 

2.82 

0.0503 

0.0520 

0.0561 

0.054 

4.63 

4.37 

2.76 

0 . 0503 

0.0522 

0.0561 

0.066 

4.16 

0.23 

5.03 

0.1004 

0.1001 

0.1110 

0.108 

4.28 

0.17 

6.18 

0.1004 

0.1004 

0.1110 

0.104 

n-Heptane 

4.63 

5.01 

2.58 

0.0537 

0.0538 

0 . 1004 t 

0.100& 

4.78 

4.68 

2.71 

0.0537 

0.0536 

0. 1004  *> 

0. 102  & 

°  In  1.2  M 

acetic  acid.  6  Chlorine. 

made  similarly  from  10  ml.  of  the  cobalt  solution,  10  ml.  of  the 
chromate  solution,  and  30  ml.  of  water;  in  case  of  doubt  as  to 
the  proper  color,  which  is  sensitive  to  changes  in  pH,  it  is  ad¬ 
visable  to  compare  the  color  with  that  of  a  fresh  solution  dupli¬ 
cating  one  of  those  listed  in  Table  I  and  to  adjust  the  proportions 
of  the  stock  solutions  until  the  proper  color  is  obtained.  If  the 
flask  is  stoppered,  each  color  standard  keeps  indefinitely. 

Procedure.  A  portion  of  the  analytical  sample,  usually  from 
3  to  10  grams,  is  burned;  the  absorbent  is  10  ml.  of  0.0500  N 
sodium  carbonate.  When  the  fluorine  content  is  known  to  be 
excessively  high,  the  sample  may  be  preliminarily  mixed  in 
known  proportion  with  a  suitable  diluent,  such  as  isooctane. 
Highly  carbon-rich  materials,  such  as  aromatic  hydrocarbons, 
should  be  diluted  with  two  volumes  of  ethyl  alcohol,  to  obviate 
smoking.  A  blank  determination  should  be  made  Tor  the 
diluent. 

After  the  combustion,  the  absorbent  is  transferred  to  a  125-ml. 
Erlenmeyer  flask.  A  short-stemmed  funnel  placed  in  the  flask, 
and  a  rubber  aspirator  bulb  attached  to  a  rubber  stopper  fitting 
the  top  of  the  absorber,  are  helpful  in  the  transfer.  The  spray 
trap  and  the  absorption  apparatus  are  washed  with  small  portions 
of  water,  which  are  added  to  the  flask.  To  the  solution  is  added 
with  a  pipet  1  ml.  of  the  indicator.  The  solution  is  boiled  to 
expel  carbon  dioxide  and  to  reduce  the  volume,  if  necessary,  to 
about  40  ml.  Then,  while  hot,  the  solution  is  titrated  with 
0.0500  N  hydrochloric  acid  delivered  from  a  10-ml.  buret,  until 
the  pink  color  changes  to  that  of  the  appropriate  color  standard. 
It  is  boiled  again  briskly  for  about  2  minutes  and  is  titrated 
further  with  the  hydrochloric  acid.  The  total  acid  required  is 
noted. 

After  the  hydrochloric  acid  titration,  the  solution  is  diluted, 
if  necessary,  to  50  ml.,  and  1  ml.  of  0.40  M  acetic  acid  is  added. 
Then  the  solution,  which  may  be  still  fairly  hot,  is  titrated  with 
0.0500  N  thorium  nitrate  in  1.2  M  acetic  acid,  delivered  from  a 
microburet,  until  the  color  matches  the  appropriate  color  stand¬ 
ard.  The  titration  mixture  should  be  swirled  in  the  flask  during 
the  titration  and  during  the  color  comparison,  especially  when  a 
precipitate  is  present. 

Calculations.  The  calculations  are  made  as  indicated  by 
the  miniature  examples  in  Figure  3,  using  the  observed  values 
for  hydrochloric  acid  (A  ml.),  thorium  nitrate  ( T  ml.),  and  sample 
burned  (W  grams).  (Precisely,  T  is  the  difference  between  the 
thorium  nitrate  titer  and  a  blank  determined  by  analysis  of  a 
sample  known  to  be  free  from  fluorine  and  from  sulfur;  this 
blank,  which  includes  the  so-called  titration  blank,  may  be  taken 
to  be  0.015  ml.  of  0.05  N  thorium  nitrate.)  The  fluorine  content 
(F%)  should  be  read  to  the  fourth  decimal  place;  the  sulfur 
content  ( S% ),  only  to  the  third  decimal  place.  When  the  content 
is  “off  the  scale”,  it  can  be  determined  by  using,  instead  of  W, 
the  product  of  W  and  a  factor  of  10  and  correspondingly  multi¬ 
plying  the  content  read  by  the  same  factor;  also  correspondingly, 
when  <S  is  being  determined,  F  must  first  be  divided  by  the  same 
factor.  When  T  is  so  small  that  determining  F  directly  from 


the  nomograph  is  inconvenient,  F  can  be  alternatively  obtaine 
by  multiplying  together  values  for  Y  and  Z,  read  to  one  or  a 
most  two  significant  figures,  as  is  indicated  in  one  of  the  minia 
ture  examples. 

When  the  standard  solutions  differ  from  0.0500  N,  A  and  '. 
must  first  be  calculated.  That  is,  if  the  absorbent  is  10  ml.  c 
n  N  sodium  carbonate,  and  the  acidimetric  titration  require 
a  ml.  olhN  hydrochloric  acid,  A  —  10  —  20(10n  —  ah);  if 
ml.  of  t  N  thorium  nitrate  is  required,  and  b  ml.  is  the  corre 
sponding  blank,  T  =  20  (d  —  b)t.  Obviously,  the  thorium  nit rat 
should  not  differ  widely  from  0.0500  N,  inasmuch  as  it  contain 
also  acetic  acid  for  control  of  the  pH. 

TYPICAL  ANALYTICAL  DATA 

Typical  analytical  data  obtained  by  this  method  are  presente 
in  Table  VI  for  duplicate  determinations  of  fluorine  and  sulfur  i: 
various  known  concentrations  in  isooctane  and  n-heptane  (stand 
ards  for  antiknock  testing).  The  sulfur  contents  of  the  origins 
hydrocarbons  were  found  by  lamp  combustion  and  determine 
tion  of  sulfate  by  a  highly  accurate  and  specific  turbidimetri 
method.  Fluorine  was  added  as  Eastman  a-fluoronaphthalene 
sulfur,  as  Eastman  n-heptyl  sulfide.  In  one  instance,  chlorin 
and  fluorine  were  added  as  Eastman  o-fluorochlorobenzene;  i: 
this  instance,  the  sulfur  in  the  original  hydrocarbon  was  ignored 
The  data,  which  were  obtained  with  the  single-disk  apparatu 
and  without  special  precautions  against  loss  of  salt  particle 
from  the  under  surface  of  the  disk,  indicate  that  the  method  i 
sufficiently  accurate  to  warrant  expressing  the  fluorine  contenl 
in  the  range  of  up  to  0.1%  by  weight,  to  the  fourth  decims 
place;  and  the  sulfur  content,  in  the  same  range,  to  the  thin 
decimal  place. 

When  a  bank  of  six  lamp  assemblies  is  employed,  as  in  routin 
analyses,  six  complete  analyses  are  made  by  one  analyst  in  ap 
proximately  3  hours. 
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Detection  and  Estimation  of  Steam-Distilled  Wood 
Turpentine  in  Gum  Spirits  of  Turpentine 

SIDNEY  R.  SNIDER 

I  aval  Stores  Section,  Cotton  and  Fiber  Branch,  Office  of  Marketing  Services,  War  Food  Administration,  U.  S.  Department  of  Agriculture, 

Washington,  D.  C. 


V  LTHOUGH  the  Federal  Naval  Stores  Act  provides  stand- 
\  ards  of  identity  for  several  kinds  of  turpentine,  there  is  no 
indard  for  mixed  turpentine,  and  the  sale  of  such  products  in 
;erstate  commerce  is  prohibited  by  the  regulations  for  enforce- 
;nt  of  this  statute.  However,  instances  have  occurred  where 
jam-distilled  wood  turpentine  was  added  to  gum  spirits  of 
rpentine  and  the  resultant  mixture  sold  as  pure  gum  spirits. 
,ie  need  of  a  reliable  method  for  detecting  the  presence  of  steam- 
stilled  wood  turpentine,  when  used  as  an  adulterant  in  gum 
irits,  has  been  recognized  for  some  time. 

Benzaldehyde  was  reported  as  a  constituent  of  steam-distilled 
>od  turpentine  in  1927  by  Nelson  (4) .  Later  Palkin,  Chadwick, 
d  Matlack  (5)  isolated  it  from  large  quantities  (15  kg.)  of  steam- 
stilled  wood  turpentine,  using  a  vacuum  fractional  distillation 
ocedure,  and  identified  it  by  means  of  the  semicarbazide  de- 
rative  melting  at  213°  C.  In  another  paper,  Chadwick  and 
ilkin  (2)  reported  the,  absence  of  benzaldehyde  in  gum  spirits 
turpentine,  with  negative  results  also  on  a  single  sample  each 
sulfate  wood  turpentine  and  destructively  distilled  wood  tur- 
ntine. 

Thus  it  was  indicated  that  the  presence  of  steam-distilled 
>od  turpentine  in  a  suspected  sample  might  be  shown  by  proving 
e  presence  of  benzaldehyde.  Aldehydes  are  usually  identified 
•  conversion  to  phenylhydrazones  or  semicarbazones.  How- 
er,  since  the  quantity  of  benzaldehyde  even  in  straight  steam 
stilled  wood  turpentine  is  extremely  small,  and  the  latter  has 
ten  been  used  as  an  adulterant  in  proportions  as  low  as  10%, 
e  actual  quantity  of  benzaldehyde  in  such  an  adulterated  sam- 
e  is  far  too  small  to  lend  itself  to  any  method  based  on  isolation 
d  preparation  of  a  derivative.  For  this  reason  and  the  fact 
at  frequently  the  quantity  of  sample  available  for  test  is  lim- 
|sd,  some  other  procedure  was  sought  for  the  purpose  at  hand. 
The  fact  that  benzaldehyde  is  readily  oxidizable  to  benzoic 
id,  which  is  more  easily  determinable,  suggested  that  such  a 
sp  might  serve  as  the  basis  for  a  suitable  analytical  procedure. 


ible  I.  Indicated  Benzaldehyde  Content  of  Various  Samples  of 

Turpentine 


Sample 


Benz- 

Color  aldehyde, 

Developed  P.P.M. 


am  spirite  (5  samples) 

ilfate  wood  turpentine  (4  samples) 

estructively  distilled  wood  turpentine  (3 

samples) 

am  spirits  with  added  benzaldehyde 

10  p.p.m. 

20  p.p.m. 

30  p.p.m. 

eam-distilled  wood  turpentines 

Samples  1,  6,  7,  10 

Samples  6 

Samples  2,  3,  8 

Samples  14 

Samples  4,  9,  11,  12 

Samples  13 


Yellow,  negative 
Yellow,  negative 

Yellow,  negative 


Red,  positive 
Red,  positive 
Red,  positive 


Red,  positive 
Red,  positive 
Red,  positive 
Red,  positive 
Red,  positive 
Red,  positive 


0 

0 

0 


7 

14 

22 


22 

30 

38 

45 

52 

60 


Mean  for  all  samples  of  steam-distilled  turpentine 


40 


town  mixtures 

90%  gum  spirits,  10%  steam-distilled  No.  7“  Red,  positive  2 

80%  gum  spirits,  20%  steam-distilled  No.  7  Red,  positive  4 

90%  gum  spirits,  10%  steam-distilled  No.  13  Red,  positive  6 

80%  gum  spirits,  20%  steam-distilled  No.  13  Red,  positive  10 


*  Sample  7  was  the  only  one  of  the  low-benzaldehyde  turpentines  available 
sufficient  quantity  to  make  up  these  known  mixtures. 


The  ordinary  quantitative  methods  for  determining  benzoic 
acid  and  benzoates  in  preserved  food  were  discarded,  because 
here  too  the  methods  were  not  applicable  to  the  minute  quantities 
of  benzoic  acid  which  could  be  obtained  from  the  benzaldehyde 
in  an  adulterated  turpentine. 

The  Mohler  test  for  benzoic  acid  was  suggested  by  O.  C.  Ken¬ 
worthy  and  J.  Fitelson,  U.  S.  Food  and  Drug  Administration, 
Federal  Security  Agency,  as  serving  the  purpose  of  detecting  these 
minute  quantities  of  benzaldehyde,  using  the  Grossfeld  modifica¬ 
tion  (3)  adapted  by  the  Association  of  Official  Agricultural  Chem¬ 
ists  (1)  for  determining  benzoyl  peroxide  bleach  in  flour. 

The  modified  Mohler  test  consists,  briefly,  of  a  nitration  of  the 
benzoic  acid,  which  is  subsequently  reduced  and  converted  to 
3,5-diaminobenzoic  acid.  The  ammonium  salt  of  this  gives  a 
characteristic  red  color  to  the  solution  in  which  it  is  formed. 
The  development  of  a  procedure  applicable  to  turpentine  for  de¬ 
termining  benzaldehyde  content  embraced  the  problems  of 
separation  of  interfering  oxidation  constituents  often  present  in 
turpentine,  extraction  and  concentration  of  any  benzaldehyde 
present,  its  oxidation  to  benzoic  acid,  and  the  application  of  the 
Mohler  test  to  develop  the  characteristic  color  reaction. 

EXPERIMENTAL 

As  a  preliminary  step  in  this  study,  five  authentic  samples  of 
gum  spirits  of  turpentine,  representing  the  product  coming  from 
widely  separated  areas  in  the  southern  turpentine  belt,  were  sub¬ 
jected  to  the  test  procedure  essentially  as  described  below.  In 
no  case  was  the  characteristic  red  color  developed  in  the  last  step, 
showing  the  absence  of  benzaldehyde  in  all  the  gum  spirits.  Four 
samples  of  sulfate  wood  turpentine  and  three  of  destructively 
distilled  wood  turpentine,  also  from  widely  separated  plants,  like¬ 
wise  gave  negative  results. 

In  order  to  confirm  the  reliability  and  usefulness  of  the  method, 
small  known  amounts  of  benzaldehyde  were  added  to  three  of  the 
samples  of  gum  spirits.  The  characteristic  color  was  now  ob¬ 
tained  when  the  turpentines  were  treated  as  indicated.  A  series  of 
color  standards  was  prepared  at  the  same  time  by  treating  (nitra¬ 
tion,  reduction,  conversion)  in  a  similar  manner  small  quan¬ 
tities  of  benzoic  acid,  in  ether  solution,  up  to  the  equivalent  of  the 
amount  of  the  benzaldehyde  added  to  the  turpentine.  Com¬ 
parison  of  the  colors  obtained  in  the  turpentine  solutions  with 
those  of  the  standards  indicated  in  every  case  a  recovery  or  color 
development  equivalent  to  approximately  70%  of  the  theoreti¬ 
cal  amount  of  benzaldehyde  added  to  the  turpentine.  The  re¬ 
sults  are  shown  in  Table  I. 

Fourteen  authentic  samples  of  steam-distilled  wood  turpentine, 
representing  the  production  of  the  eight  largest  producers,  were 
then  tested.  In  every  instance  the  red  color  was  obtained,  prov¬ 
ing  the  presence  of  benzaldehyde  in  all  samples  of  this  type  of 
turpentine.  By  comparison  with  the  prepared  color  standards 
it  was  indicated  that  the  benzaldehyde  content  of  these  samples 
varied  from  22  parts  per  million  to  60  p.p.m.  with  a  mean  value  of 
about  40  p.p.m.  These  results  are  also  shown  in  Table  I. 

In  order  to  determine  whether  the  benzaldehyde  could  be 
concentrated  by  means  of  a  simple  fractional  distillation,  a  1000- 
ml.  sample  of  one  of  the  steam-distilled  wood  turpentines  was 
distilled  through  a  30-cm.  Vigreux  column,  and  the  distillate 
was  collected  in  four  200-ml.  portions,  leaving  a  residue  of  equal 
volume  in  the  flask.  On  testing  the  fractions  and  the  residue 
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according  to  the  outlined  procedure,  it  was  found  that  the  benz- 
aldehyde  content  was  the  same  in  all  four  fractions,  and  practically 
the  same  in  the  residue,  the  sum  of  the  quantities  being  sub¬ 
stantially  equal  to  the  total  amount  of  benzaldehyde  originally 
found  in  the  whole  sample.  Therefore,  the  benzaldehyde  could 
not  be  concentrated  by  such  a  fractional  distillation  procedure. 

It  was  observed  that  certain  constituents  extracted  from  the 
turpentine  along  with  the  benzaldehyde  were  very  difficult  to 
oxidize,  and  imparted  a  brownish  tone  to  the  color  developed  in 
the  final  stage  of  the  test,  which  interfered  with  the  comparison 
of  the  red  color  of  the  test  solution  with  that  of  the  standards. 
This  difficulty  was  overcome  by  first  subjecting  the  turpentine  to 
a  distillation,  reserving  the  portion  distilling  below  170°  C.,  there¬ 
by  recovering  at  least  90%  of  the  sample  for  testing.  The 
interfering  color  bodies  are  thus  removed,  permitting  a  more 
accurate  comparison  of  the  colors  and  closer  estimation  of  the 
benzaldehyde  content  of  the  sample. 


PROCEDURE 

On  the  basis  of  the  foregoing  discussion  and  to  eliminate  all 
interfering  bodies  that  might  adversely  affect  the  final  color  re¬ 
action,  the  following  procedure  was  carried  out: 

Distill  the  sample  of  turpentine  preferably  through  a  30-cm. 
Vigreux  column,  and  reserve  the  fraction  distilling  below  170°  C. 

Extract  at  least  300  ml.  of  distillate  in  a  500-ml.  separatory 
funnel,  four  times,  with  10-ml.  portions  of  30%  sodium  bi¬ 
sulfite  to  convert  the  benzaldehyde  to  the  water-soluble  bisulfite 
addition  salt.  Combine  the  extracts,  and  remove  any  dissolved 
turpentine  by  washing  twice  with  ether,  using  25  ml.  each  time. 
(As  turpentine  interferes  with  the  oxidation  of  the  benzaldehyde, 
all  traces  must  be  removed  from  the  bisulfite  extract.)  Filter 
the  bisulfite  extract  into  another  clean  separatory  funnel.  Add 
carefully  (excessive  foaming  occurs  if  much  ether  is  present  in 
the  extract)  small  portions  of  a  saturated  solution  of  sodium 
carbonate  until  no  further  effervescence  occurs  on  subsequent 
addition  of  carbonate  and  the  solution  is  alkaline  to  litmus. 
Extract  the  regenerated  benzaldehyde  from  the  neutralized  solu¬ 
tion  with  25  ml.  of  ether,  allowing  the  mixture  to  stand  until  the 
liquid  layers  are  sharply  defined  and  well  separated.  Draw  off 
the  aqueous  solution  and  reserve.  Transfer  the  ether  layer  into 
a  clean  separatory  funnel  and  wash  twice  with  25-ml.  portions 
of  water. 

After  drawing  off  all  the  water,  transfer  the  ether  to  a  50-ml. 
test  tube,  preferably  the  Pyrex  pour-out  type,  add  2  ml.  of 
approximately  2  N  sodium  hydroxide  and  a  few  drops  of  hydrogen 
peroxide  (30%  Superoxol),  stopper  the  tube,  and  shake.  Sus¬ 
pend  a  thread  in  the  tube  to  ensure  even  boiling,  and  evaporate 
gently  in  a  warm  water  bath  to  dispel  the  ether. 

Return  the  reserved  aqueous  carbonate  solution  to  the  separa¬ 
tory  funnel  in  which  it  was  first  extracted  and  repeat  the  ex¬ 
traction  with  ether,  as  before;  wash,  add  the  ether  extract  to 
the  test  tube,  and  again  evaporate  off  the  ether  completely. 
Place  the  tube  in  an  oil  bath  at  120°  C.  and  add  a  drop  or  two 
of  hydrogen  peroxide  at  intervals  until  the  solution  is  almost  if 
not  entirely  colorless.  A  few  grains  of  alundum  or  white  sand, 
or  some  asbestos  fiber  which  has  been  treated  by  boiling  with 
concentrated  sodium  hydroxide,  then  with  hydrochloric  acid, 
and  finally  washed  with  distilled  water,  may  be  added  to  facilitate 
breaking  up  the  salt  cake  during  nitration.  Add  a  drop  or  two 
of  wrater  occasionally  if  the  evaporation  is  too  rapid  to  permit 
complete  decolorizing  action  of  the  hydrogen  peroxide.  Evapo¬ 
rate  to  complete  dryness  and  heat  in  a  vacuum  oven  at  100°  C. 
for  30  minutes.  If  a  vacuum  oven  is  not  available,  complete  the 
evaporation  to  absolute  dryness  in  the  oil  bath  at  120°  C.  and 
finally  at  130°  C.  in  a  drying  oven  for  1  hour.  Then  transfer 
the  tube  to  a  vacuum  desiccator  charged  with  a  strong  drying 
agent,  such  as  phosphorus  pentoxide.  When  cool  add  0.3  gram 
of  potassium  nitrate  crystals  and  3  ml.  of  concentrated  sulfuric 
acid.  Heat  in'  a  boiling  water  bath  for  20  minutes,  taking  care 
to  get  all  the  solid  material  in  solution  by  breaking  up  the  salt 
cake  with  a  stirring  rod.  The  nitration  must  not  exceed  25 
minutes.  Cool  the  tube  in  cold  water,  add  5  ml.  of  water,  then 
cautiously  add  30  ml.  of  15%  ammonium  hydroxide,  keeping 
the  tube  cool  under  tap  water  during  the  operation.  Add  2  ml. 
of  freshly  prepared  6%  hydroxylamine  hydrochloride  solution, 
mix  thoroughly,  and  place  in  a  water  bath  at  65°  C.  (avoid  over¬ 
heating,  as  excessive  heat  destroys  the  color)  for  5  to  6  minutes, 
stirring  the  contents  occasionally  with  a  stirring  rod.  Filter 
into  a  clean  similar  test  tube  for  color  comparison.  A  red  color 
indicates  the  presence  of  benzaldehyde  in  the  sample. 


An  approximation  of  the  quantity  of  benzaldehyde  present  in , 
sample  of  turpentine  suspected  to  contain  steam-distilled  wooi 
turpentine  should  serve  to  give  a  rough  idea  as  to  the  extent  o 
such  adulteration.  To  make  such  an  approximation  it  is  neces 
sary  to  prepare  a  series  of  color  standards  representing  definit 
quantities  of  benzoic  acid  in  ether  solution. 


Dissolve  104  mg.  of  c.p.  benzoic  acid  in  100  ml.  of  ether  an< 
proceed  as  follows:  Pipet  0.2  ml.,  0.4  ml.,  etc.,  to  2.0  ml.  of  thi 
solution  into  similar  test  tubes.  These  quantities  represen 
approximately  1  p.p.m.,  2  p.p.m.,  etc.,  to  10  p.p.m.,  respectively 
of  benzaldehyde  for  300  ml.  of  sample.  Add  2  ml.  of  2  A'  sodiur 
hydroxide,  a  few  drops  of  hydrogen  peroxide,  and  proceed  a 
outlined  in  the  method,  beginning  with  the  evaporation  of  th 
ether.  Compare  the  test  solution  with  the  nearest  color  standarc 
On  a  basis  of  70%  recovery  of  added  benzaldehyde,  as  pre 
viously  indicated,  the  benzaldehyde  content  of  a  turpentim 
in  p.p.m.  (mg.  of  C«H6CHO  per  kg.  of  sample),  is  as  follows: 


Pr>  „  =  w  v  1000  v  moles  of  C,H,CHO  100% 

1  A  SXV  A  moles  of  CeHsCOOH  A  70% 

where  W  —  weight  in  mg.  of  benzoic  acid  in  the  standar 

matching  the  test  solution 
S  =  specific  gravity  of  sample 

V  =  volume  of  sample 


Since  the  specific  gravity  of  turpentine  at  room  temperatui 
ranges  from  0.852  to  0.867  with  an  average  of  0.860,  for  300  m 
of  sample  the  equation  may  be  stated  as  follows: 


P.p.m.  =  W  X 


_ IVYr _  x  ——  X  :=-—  =  W  X  4  81 

0.860  X  300  122  A  70 


A  set  of  Lovibond  color  glasses  may  be  used  in  place  of  tl 
laboriously  prepared  series  of  benzoic  acid  color  standards,  fc 
estimating  the  benzaldehyde  content  of  a  sample.  The  r« 
glasses  required  with  the  corresponding  benzaldehyde  content  < 
the  color  standards  are  shown  in  Table  II.  The  comparisoi 
are  for  a  15-cm.  depth  of  standard  solutions  measured  in  50-rr 
standard  Nessler  tubes. 


Table  II.  Lovibond  Standards  for  Benzaldehyde 


Standard 

Benzoic  Acid 

Benzaldehyde 

Lovibond  Glass 

No. 

Solution 

Equivalent 

Red 

Yellow 

Ml. 

P.p.m. 

1 

0.2 

1 

3.5 

2.1 

2 

0.4 

2 

9.5 

4.8 

3 

0.6 

3 

14.0 

5.6 

4 

0.8 

4 

18.0 

4.8 

5 

1.0 

5 

21.0 

5.6 

6 

1.2 

6 

24.0 

2.5 

7 

1.4 

7 

27.0 

3.6 

8 

1.6 

8 

30.0 

2.5 

9 

1.8 

9 

33.0 

4.8 

10 

2.0 

10 

36.0 

2.5 

It  was  necessary  to  use  a  yellow  Lovibond  glass  with  the  r< 
glass  to  obtain  an  approximate  color  match.  The  variation 
the  yellow  color  is  due  to  the  oxides  of  nitrogen  released  wh< 
the  ammonia  is  added,  giving  rise  to  a  yellow  color  in  the  mixtu 
which  cannot  be  controlled.  However,  since  the  yellow  color  h 
no  bearing  on  the  quantity  of  benzaldehyde  indicated  by  tl 
intensity  of  the  red  color  of  the  solution,  for  ordinary  purposes  tl 
analyst  is  free  to  use  any  yellow  needed  to  obtain  a  match  withoi 
affecting  the  conclusions  to  be  drawn  from  the  value  of  the  ri 
glass  used.  An  alternative  would  be  to  use  a  single  yellow  gla 
(either  a  No.  3  or  No.  4)  for  all  red-yellow  combinations,  tl 
being  close  to  the  average  of  the  yellow  glass  values  listed  in  tl 
table. 

Mixtures  of  gum  spirits  of  turpentine,  previously  tested  ai 
found  to  be  free  of  benzaldehyde,  and  two  steam-distilled  wo< 
turpentines  of  determined  benzaldehyde  content  were  prepari 
for  examination  a,nd  then  analyzed  for  benzaldehyde  by  tl 
proposed  method.  From  these  data,  on  the  basis  of  the  mei 
benzaldehyde  content  of  steam-distilled  wood  turpentine,  it 
reasonable  to  assume  that  any  sample  of  gum  turpentine  showii 
so  much  as  4  p.p.m.  of  benzaldehyde  by  this  method  contains 
least  10%  of  steam-distilled  wood  turpentine. 
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The  utmost  precision  must  be  exercised  in  order  to  obtain 
liable  results.  It  is  always  advisable  to  prepare  a  few  of  the 
dor  standards  along  with  the  test  to  ensure  that  the  procedure 
Is  been  properly  followed  and  each  reaction  carried  to  com- 
ption.  Vigorous  shaking  of  the  mixtures  during  extraction 
lould  be  avoided,  as  emulsification  of  the  ether  extracts  pre- 
<  ides  a  good  separation  and  interferes  with  the  reactions  in  the 
tscessive  steps  of  the  procedure.  Other  precautions  to  be  taken 
;  the  evaporation  to  complete  dryness  of  the  ether  extract  for 
e  nitration  and  avoiding  overheating  of  the  hydroxylamine 
drochloride  mixture. 

SUMMARY 

There  have  been  instances  where  steam-distilled  wood  tur- 
ntine  has  been  used  to  adulterate  gum  spirits  of  turpentine, 
the  four  kinds  of  turpentine — gum  spirits  of  turpentine,  steam- 
itilled  wood  turpentine,  sulfate  wood  turpentine,  and  de¬ 
ductively  distilled  wood  turpentine — benzaldehyde  has  been 
ind  only  in  steam-distilled  wood  turpentine. 


A  method  is  proposed  for  determining  the  presence  of  benzalde¬ 
hyde  in  a  sample  of  turpentine,  by  means  of  a  modification  of 
Mohler’s  test  for  benzoic  acid.  Its  detection  is  therefore  con¬ 
sidered  evidence  of  the  presence  of  steam-distilled  wood  tur¬ 
pentine. 

From  the  quantity  of  benzaldehyde  indicated  by  the  pro¬ 
cedure  a  basis  for  roughly  approximating  the  extent  of  adultera¬ 
tion  with  steam-distilled  wood  turpentine  is  given. 
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ethods  for  the  electrometric  determination  of  free  cyanide  and 
jenticyanide  in  silver  plating  baths  are  described.  Both  ions  can 
determined  by  the  same  run  of  the  buret  with  silver  nitrate  solu- 
in.  The  end  points  are  detected  by  null-point  readings  on  a 
Ivanometer.  The  method  requires  inexpensive  equipment  and  is 
ry  rapid  and  easy  to  carry  out.  The  effect  of  other  ions  often 
und  in  electroplating  solutions  has  also  been  investigated. 

*1  A  previous  paper  ( 2 )  it  was  shown  that  an  estimate  of  free 
cyanide  and  argenticyanide  in  a  silver  plating  solution  could 
i  obtained  by  titration  with  silver  nitrate  solution.  The  free 
anide  was  estimated  by  the  well-known  Liebig  method,  in 
rich  the  solution  is  titrated  to  the  first  sign  of  turbidity  owing 
,  the  formation  of  silver  cyanide  after  the  reaction 

2KCN  +  AgN03  =  KN03  +  KAg(CN)2  (I) 

completed. 

Further  addition  of  silver  nitrate  involves  the  reaction 

KAg(CN)2  +  AgNO,  =  KN03  +  Ag2(CN)2  [  (II) 

It  has  been  shown  that  the  end  point  of  this  reaction  can  be 
itected  by  the  use  of  potassium  chromate  as  an  indicator,  pro- 
ded  the  solution  is  buffered  with  excess  of  boric  acid.  In  this 
anner,  with  an  electroplating  solution  containing  potassium 
ranide  and  potassium  argenticyanide,  the  difference  between  the 
tration  to  complete  precipitation  of  silver  cyanide  and  twice 
le  Liebig  titration  on  a  similar  aliquot  is  equivalent  to  the  ar- 
snticyanide  originally  in  the  solution. 

Wick  (5)  and  Muller  and  Lauterbach  (3)  investigated  the 
iriation  of  potential  of  a  silver  electrode  in  solutions  of  alkali 
/anide  during  titration  with  silver  nitrate.  It  was  found  that 
lere  were  two  distinct  sudden  changes  in  the  potential  during 
ie  titration.  The  first  change  occurred  at  the  end  of  the  first 
laction  (I),  and  the  point  of  maximum  variation  of  e.m.f. 
lincided  with  the  appearance  of  turbidity.  The  second  fluctua- 
on  in  e.m.f.  occurs  when  the  silver  cyanide  is  completely  pre- 
pita  ted  at  the  end  of  the  second  reaction  (II). 


The  silver-ion  concentration  at  this  point  is  increasing  very 
rapidly,  owing  to  complete  precipitation  of  the  silver  cyanide 
with  consequent  increase  in  the  e.m.f.  of  the  silver  electrode. 
The  second  point  of  inflection  took  place  when  exactly  twice  as 
much  silver  nitrate  as  for  the  first  point  of  inflection  had  been 
added.  Thus  the  e.m.f  .-silver  nitrate  curve  represents  accurately 
the  two  stages  of  the  reaction  of  precipitation  of  silver  cyanide. 

Read  and  Read  (4)  have  also  described  an  electrometric 
method  of  estimating  argenticyanide  in  conjunction  with  Liebig’s 
titration.  In  this  method  the  electrodes  are  of  platinum  and 
tungsten,  respectively.  Towards  the  end  point  of  the  second 
stage  of  the  reaction,  the  potential  of  this  system  (indicated  by  a 
vacuum  tube  voltmeter)  shows  a  slight  rise,  followed  by  a  sudden 
drop  at  the  ■end  point.  No  suggestions  are  made  in  this  paper  as 
to  the  theory  of  the  action  of  this  method  and  why  it  is  sensitive 
to  a  change  in  silver-ion  concentration.  The  same  authors 
describe  a  method  of  detecting  the  end  point  of  the  second 
reaction  by  the  use  of  diphenyl  carbazone  as  an  internal  indicator. 
A  color  change  from  violet  to  a  dirty  blue  occurs  at  the  end  point. 

Muller  and  Lauterbach  have  studied  the  effect  of  the  presence 
of  halides  on  the  electrometric  titration  curve  of  cyanide,  and  have 
shown  that,  as  each  halide  is  precipitated  in  turn  according  to 
its  solubility,  a  marked  discontinuity  occurs  in  the  curve  at 
points  which  are  equivalent  to  the  amount  of  halide  present. 
In  this  manner  halogens  can  be  determined  eleetrometrically  in 
the  presence  of  cyanide. 

Cavanagh  (I)  has  described  a  simple  absolute  method  of 
potentiometric  titration  in  which  the  e.m.f.  at  the  end  point  of 
the  titration  is  counterbalanced  by  an  equal  and  opposite  e.m.f. 
The  end  point  of  the  reaction  is  then  indicated  by  a  null  reading 
on  a  galvanometer  in  series  in  the  circuit.  In  the  reactions  to 
which  this  is  applicable  there  is  a  rapid  change  in  e.m.f.  at  the 
end  point  and  a  very  sensitive  detection  is  possible  with  a  moder¬ 
ately  sensitive  galvanometer.  Only  an  approximate  adjustment 
of  the  counterbalancing  potential  is  required  in  this  titration, 
since  at  the  end  point  the  addition  of  0.05  ml.  of  0.1  N  solution 
often  causes  a  change  of  50  to  100  millivolts  in  the  e.m.f. 

Cavanagh  used  this  method  for  the  titration  of  halides  with 
silver  nitrate.  He  ensures  zero  e.m.f.  at  the  end  point  by  having 
a  quinhydrone  electrode  as  his  reference  electrode  and  a  silver 
silver  halide  electrode  as  the  reversible  variable  electrode.  The 
pH  of  the  solution  is  then  adjusted  by  addition  of  nitric  acid  of 
known  strength  until  the  potential  of  the  quinhydrone  electrode 
is  known  to  be  equal  and  opposite  to  that  of  the  silver  halide 
electrode  at  the  end  point. 
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was  titrated  with  0.2  N  silver  nitrate  first  by  the  Liebig  method 
and  second  by  the  procedure  outlined  below. 

A  20-ml.  aliquot  was  diluted  to  about  40  ml.  and  then  th 
silver  nitrate  solution  was  added  until  there  was  almost  sufficien 
to  precipitate  the  cyanide.  At  this  stage,  excess  boric  acid  an' 
about  0.5  gram  of  quinhydrone  were  added  and  stirred  wel 
A  silver  and  a  bright  platinum  electrode  were  each  inserted  in  th 
solution  and  connected  via  a  tapping  key  and  variable  rheosta 
to  a  galvanometer.  The  addition  of  silver  nitrate  was  then  con 
tinued  slowly  until  the  addition  of  one  drop  caused  a  change  i 
deflection  of  the  galvanometer  from  the  +ve  to  —ve  direction. 

The  Liebig  titration  is  a  reliable  method,  and  by  it  one  ca 
obtain  the  potassium  cyanide  concentration  of  the  solution  re 
ative  to  the  silver  nitrate.  If  the  electrometric  end  point  is  coi 
rect,  then  it  should  give  a  titer  exactly  twice  that  of  the  Liebi 
method.  The  results  obtained  are  given  in  Table  I. 


Table  I.  Titers 

(20-ml.  aliquots  of  KCN) 

Titers  by  Titers  by  Electro- 

Liebig  Method  metric  Method 

Ml.  Ml. 


9.51 

9.47 


Av.  9 . 49 

Ratio  of  electrometric  to  Liebig  titer 


18.87 

18.96 

18.99 

18.94 

18.94 


1.997. 


Figure  1 


In  the  case  of  the  chloride  titration,  the  e.m.f.  of  the  cell  is 
given  by : 

E  =  0.474  +  0.0575  logi0(CH+  X  Cc i-) 

Ch+  and  Cci-  are  the  concentrations  of  hydrogen  and  chloride 
ion,  respectively. 

At  the  end  point  of  the  reaction  Cci-  is  equal  to  the  square 
root  of  the  solubility  product  of  silver  chloride, 

Cci-  =  0.97  X  10 "» 

From  this  it  may  be  calculated  that,  for  E  to  be  zero  at  this 
point,  the  value  of  Ch+  should  be  about  0.00055  N.  This  adjust¬ 
ment  can  be  made  with  sufficient  accuracy  by  addition  of  the 
necessary  amount  of  standard  nitric  acid  from  a  graduated  pipet. 
The  cell  is  then  simply  connected  in  series  with  a  tapping  key, 
suitable  resistances,  and  a  galvanometer  and  the  titration  is 
continued  until  the  galvanometer  passes  zero  deflection. 

The  object  of  the  present  investigation  was  to  endeavor  to 
apply  the  variation  of  the  potential  of  the  silver  electrode  to  a 
simple  and  rapid  method  for  determining  the  cyanide  and 
argenticyanide  concentration  of  plating  solutions.  As  the 
method  is  intended  for  routine  control  with  limited  facilities, 
speed  and  simplicity  of  operation  are  the  essential  requirements. 
An  accuracy  of  =*=  1  %  is  sufficient  in  this  estimation. 

EXPERIMENTAL 

Titration  of  Pure  Cyanide  Solutions.  At  first  experi¬ 
ments  were  carried  out  to  determine  whether  Cavanagh’s  method 
could  be  applied  to  the  precipitation  of  silver  cyanide  by  silver 
nitrate,  and,  if  so,  what  concentration  of  hydrogen  ion  gives  the 
correct  potential  of  the  quinhydrone  electrode.  The  adjustment 
of  hydrogen-ion  concentration  is  necessarily  restricted  by  the  in¬ 
stability  of  cyanides  which  occurs  even  in  weakly  acid  solutions. 
It  so  happened,  however,  that  a  saturated  solution  of  boric  acid 
(pH  =  5.0)  gave  the  correct  hydrogen-ion  concentration.  Thus 
the  solution  was  adjusted  in  a  manner  similar  to  the  titration 
with  chromate  indicator  (2).  Pure  0.2  N  potassium  cyanide 


A  measurement  of  the  e.m.f.  of  the  silver  electrode  again; 
the  saturated  calomel  electrode  showed  a  value  of  0.42  volt  i 
the  equivalence  point.  The  e.m.f.  of  a  quinhydrone  electrode 
0.41  volt  at  pH  5.0.  Thus,  from  a  theoretical  basis,  the  e.m.f.  < 
the  combination  should  be  zero  at  the  end  point  of  the  reactioi 
This  method,  if  applied  to  the  analysis  of  electroplating  soli 
tions,  would  require  two  titrations  (the  Liebig  titration  for  frc 
cyanide  and  the  electrometric  for  argenticyanide).  It  was  fe 
that  it  would  be  an  advantage  to  be  able  to  do  the  two  estim; 
tions  on  the  same  run  of  the  buret.  The  Liebig  and  electri 
metric  method  described  above  could  not  be  combined,  since  tl 
former  requires  dilution  to  about  600  ml.  in  the  presence  < 
carbonate  ion,  which  is  nearly  always  present  in  silver  plating  soli 
tions,  while  the  latter  requires  the  minimum  possible  volume  i 
solution. 
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Figure  1  shows  the  titration  curve  of  0.2  N  potassium  cyanide 
)lution  with  0.2  N  silver  nitrate,  using  a  silver  electrode  w'ith  a 
iturated  calomel  electrode  as  reference  electrode.  The  calomel 

iectrode  was  connected  to  the  solution  via  a  25%  ammonium 
trate  bridge.  The  ammonium  nitrate  bridge  was  used  to 
■event  the  solution  becoming  contaminated  with  chloride  ions, 
he  cell  set  up  was  thus: 

- Ag  |  Ag+  :25%NH«N03;Satd.KCl:Hg2Cls|Hg - 

(titrated 

solution) 

A  20-ml.  aliquot  of  potassium  cyanide  was  taken  and  diluted 
>  600  ml.  for  this  titration.  It  is  seen  that  there  is  a  very  large 
jrop  in  e.m.f.  at  the  first  end  point,  and  the  e.m.f.  passes  zero  at 
le  point  of  appearance  of  turbidity  (8.52  ml.).  The  second 
oint  of  inflection  of  the  curve  corresponds  to  complete  precipi- 
ition  of  silver  cyanide  and  the  volume  now  is  exactly  twice  the 
rst  (17.04  ml.).  The  sensitivity  is  such,  at  the  end  point,  that 
ne  drop  of  silver  nitrate  causes  a  change  of  50  millivolts  in 
m.f.  These  results  were  obtained  consistently  under  the  same 
-jnditions,  and  variation  of  the  amount  of  dilution  between  200 
nd  600  ml.  had  practically  no  effect  on  the  titers  or  the  e.m.f.  at 
ae  end  points.  The  values  of  the  e.m.f.  at  the  end  points  were 
aro  and  —0.21  to  —0.22  volt,  respectively  (the  calomel  electrode 
as  taken  as  +ve  at  the  beginning  of  the  titration). 

Using  the  equation 

E  =  0.80  +  0.058  logI8(CV) 

here  Ca,+  =  concentration  of  silver  ions 

,  can  be  calculated  that  the  e.m.f.  at  the  equivalence  point 
where  CAg+  =  \/S.P.  Ag2(CN)2  =  1.5  X  10-6)  should  be 
-0.21  volt  against  the  saturated  calomel  electrode.  This  is  in 
lose  agreement  with  the  observed  value  of  —0.21  to  —0.22  volt 
ir  the  point  of  inflection  of  the  curve. 

The  detection  of  the  first  end  point  is  a  simple  matter  in  this 
ase.  One  can  either  use  the  appearance  of  turbidity  or  the  zero 
.m.f.  (null  point  on  galvanometer  in  series). 

For  the  simple  detection  of  the  second  end  point,  a  method 
uggested  by  Muller  and  Lauterbach  and  Cavanagh  can  be 
sed — i.e.,  after  passing  the  first  end  point,  an  e.m.f.  of  0.22  volt 
i  applied  in  series  in  the  circuit  in  the  opposite  direction  to  the 
ell  e.m.f.  The  resultant  e.m.f.  is  thus  0  at  the  second  end  point, 
nd  the  titration  can  be  continued  until  a  series  galvanometer 
gain  shows  a  zero  deflection.  The  e.m.f.  is  applied  by  means 
f  a  potentiometer  circuit,  and  the  complete  circuit  is  shown  in 
dgure  2.  An  e.m.f.  up  to  1.0  volt  can  be  placed  in  the  circuit 
>y  adjustment  of  the  potentiometer  and  its  value  read  on  the 
■oltmeter.  The  potentiometer  can  be  switched  out  of  the  circuit 
f  desired,  for  detecting  the  first  end  point.  The  press  button  in 
he  galvanometer  circuit  is  designed  with  its  free  position  in  open 
ircuit,  a  light  pressure  closes  the  circuit  with  a  low  resistance 
hunt  on  the  galvanometer,  and  a  heavier  pressure  removes  the 
hunt,  with  the  circuit  still  closed.  In  this  manner  the  first 
>ressure  enables  one  to  detect  currents  which  might  otherwise 
uin  the  galvanometer  if  connected  directly.  The  100,00011 
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Table  II.  Titers  on  Pure  Cyanide  Solutions 

Titers  of  0.2  N  AgNOi 


Conditions  of  Titration 

To  1st 
end  point 
Ml. 

To  2nd 
end  point 
(0.22  volt) 
Ml. 

Ratio  of 
Titers 

20  ml.  of  0.2  N  KCN  diluted 
to  250  ml. 

9.43 

9.37 

18.82 

18.70 

1.997 

1.997 

20  ml.  of  0.2  N  KCN  diluted 
to  600  ml. 

9.34 

9.36 

18.70 

18.73 

2.002 

2.001 

20  ml.  of  0.3  N  KCN  diluted 
to  600  ml. 

15.41 

15.43 

30.81 

30.81 

2.000 

1.996 

variable  series  resistance  is  used  also  to  protect  the  galvanometer 
when  relatively  large  e.m.f.’s  are  present.  Figure  3  shows  the 
layout  of  the  circuit  and  galvanometer  setup  used  in  this  work. 

In  detecting  the  second  end  point,  the  potentiometer  is  set  on 
0.22  volt  and  switched  into  the  circuit.  Silver  nitrate  solution 
is  then  added,  the  circuit  being  closed  after  each  addition  until 
the  deflections  start  to  decrease  slowly.  The  series  resistance 
may  then  be  reduced  and  the  titration  continued  slowly.  At  the 
end  point,  with  the  series  resistance  right  out,  the  addition  of  one 
drop  of  silver  nitrate  causes  a  full-scale  deflection  on  one  side  of 
the  galvanometer  to  change  to  a  full-scale  deflection  on  the  other 
side. 

Table  II  shows  the  results  of  titers  carried  out  on  pure  cyanide 
solutions  by  this  method.  The  titer  to  the  Liebig  end  point 
(turbidity)  corresponded  exactly  to  the  galvanometer  null  point 
in  all  cases.  This  end  point  is  again  used  as  a  standard  for  com¬ 
parison  of  the  second  end  point,  as  it  is  impossible  to  weigh  out 
accurate  samples  of  cyanide.  The  ratio  between  first  and  second 
end  points  gives  an  indication  of  the  accuracy  of  the  second  end 
point. 

The  method  gives  reliable  and  accurate  results  on  pure  cyanide 
solutions.  Silver  electroplating  solutions,  however,  also  contain 
alkali  carbonate  added  intentionally  and  sometimes  small  quan¬ 
tities  of  other  ions  introduced  during  the  working  of  the  plant 
by  corrosion  of  the  baths,  electrodes,  etc.,  and  it  is  essential  that 
the  effect  of  these  ions  should  be  investigated.  Chloride  ion  is  a 
common  impurity,  usually  introduced  in  the  chemicals  used  for 
making  up  the  bath.  Traces  of  iron,  copper,  and  other  heavy 
metals  are  present  as  complex  cyanides.  These  are  usually 
acquired  by  corrosion  of  the  plant  and  objects  being  plated,  etc. 
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Figure  5 


Effect  of  Other  Ions  on  the  Titration.  Carbonate. 

To  20  ml.  of  0.2  N  potassium  cyanide  were  added  20  ml.  of 
N  potassium  carbonate,  making  the  solution  0.5  N  with  respect 
to  carbonate.  This  is  the  concentration  which  is  used  frequently 
in  electroplating  solutions.  The  titration  curve  of  this  solution, 
when  diluted  to  600  ml.,  is  shown  in  Figure  4.  (The  cyanide  is 
the  same  solution  as  used  in  Figure  1.)  It  is  seen  that,  owing  to 
the  greater  solubility  of  silver  carbonate  than  silver  cyanide, 
the  carbonate  has  no  appreciable  effect  on  the  titration  curve 
until  after  all  the  silver  cyanide  is  precipitated.  The  light  brown 
silver  carbonate  can  be  seen  to  be  precipitating  after  the  end 
point  is  passed.  The  change  in  e.m.f.  is  slightly  less  rapid  than 
in  the  absence  of  carbonate,  but  this  is  easily  overcome  by  the 
addition  of  excess  barium  nitrate  solution,  as  shown  in  Figure  4. 

From  the  value  of  the  solubility  product  of  silver  carbonate, 
it  can  be  calculated  that  the  carbonate  in  this  concentration 
should  commence  to  precipitate  silver  carbonate  when  C a*+  = 
1.34  X  10~6.  When  this  concentration  of  silver  ion  is  reached, 
the  e.m.f.  is  calculated  to  be  —0.27  volt.  There  is  no  sharp 
point  on  the  titration  curve  at  which  carbonate  starts  to  pre¬ 
cipitate,  but  the  effect  is  first  observed  in  the  range  from  —0.23 
to  —0.28  volt.  The  dilution  of  the  solution  to  600  ml.  assists 
not  only  the  first  end  point  but  also  the  second,  in  that  the  lower 
the  concentration  of  carbonate,  the  lower  the  e.m.f.  at  which  silver 
carbonate  precipitates. 

On  the  whole,  carbonate  has  no  appreciable  effect  on  both 
stages  of  the  titration  when  present  in  moderate  quantities,  and 
even  this  slight  effect  can  be  removed  by  the  addition  of  excess 
barium  nitrate  and  dilution  of  the  solution  to  about  600  ml.  If 
no  barium  nitrate  is  added,  it  is  advisable  to  have  the  interposed 
e.m.f.  slightly  lower— i.e.,  0.19  to  0.21  volt. 

Chloride.  The  effect  of  chloride  is  slightly  more  marked  than 
carbonate.  Owing  to  the  lower  solubility  of  silver  chloride,  it 
commences  to  precipitate  at  a  higher  e  m.f.  and  lower  silver 
concentration. 

Figure  5  shows  the  effect  of  adding  10  ml.  and  2  ml.  of  0.1  N 
sodium  chloride  to  the  20-ml.  aliquot  of  potassium  cyanide. 
This  is  equivalent  to  concentrations  of  0.033  N  and  0.01  N  in 
the  electroplating  solution,  and  after  dilution  to  600  ml.  the  con¬ 
centrations  of  chloride  ion  are  0.0013  and  0.00033  N.  At  these 
concentrations  the  solubility  product  of  silver  chloride  is  exceeded 
when  C Ag+  =  9.36  X  10~8  and  4.68  X  10~7,  respectively.  Using 
the  equation  for  the  silver  electrode  E  =  0.80  +  0.058  logio  C Ag+, 
it  can  be  calculated  that  the  precipitation  should  commence  at 
e.m.f.  of  —0.14  and  —0.18  volt  against  the  saturated  calomel 


electrode.  It  is  seen  from  Figure  5  that  the  precipitation  i 
observed  to  commence  at  —0.15  and  —0.19  volt.  The  point  o 
inflection  of  the  curves  indicates  the  complete  precipitation  o 
silver  chloride  and  the  difference  between  these  end  points  an( 
the  cyanide  end  point  is  almost  exactly  equivalent  to  the  amoun 
of  chloride  present;  10  ml.  of  the  sodium  chloride  are  equivalen 
to  4.63  ml.  of  silver  nitrate,  and  the  difference  in  end  points  i 
4.65  ml.  Similarly,  with  2  ml.  of  0.1  N  sodium  chloride,  th< 
difference  is  1.00  ml.,  the  theoretical  difference  being  0.93  ml. 

The  presence  of  reasonably  small  concentrations  of  chloridi 
ion  in  the  solution  should  not  have  any  marked  effect  on  the  cya 
nide  estimation.  If  the  point  at  which  the  silver  chloride  start: 
to  precipitate  is  taken  as  the  end  point,  with  10  ml.  of  0.1  j\ 
sodium  chloride  present  the  error  involved  is  only  about  0.05  ml 
in  the  titer.  If  chloride  ions  can  be  detected  in  the  solution 
either  by  a  potentiometric  titration  or  the  recognized  chemica 
methods,  it  is  advisable  to  use  a  lower  e.m.f.  at  the  end  point 
say  0.15  volt  (according  to  the  amount  of  chloride  ion  present) 
The  cyanide  estimation  would  be  slightly  low,  but  by  setting  thi 
potentiometer  later  to  about  0.26  volt  the  chloride  ion  concentre 
tion  can  be  determined  in  the  same  titer. 

The  circuit  as  shown  in  Figure  2  can  be  used  for  determininj 
the  complete  titration  curve.  To  measure  any  unknown  e.m.f 
in  the  cell,  it  is  only  necessary  to  adjust  the  potentiometer  unti 
the  galvanometer  is  undeflected.  The  potential  is  then  read  of 
the  meter. 

Hydroxide.  Titration  curves  were  determined  for  the  usua 
amount  of  cyanide  with  10  and  2  ml.  of  0.1  N  potassium  hydrox 
ide  present.  The  alkali  in  these  concentrations  had  practical^ 
no  effect  on  the  results  for  the  cyanide  titration,  and  silver  oxidi 
did  not  start  to  precipitate  until  all  the  silver  cyanide  had  beer 
thrown  down.  There  was  a  slight  flattening  of  the  curve  below 
the  end  point,  and  this  appeared  to  be  the  only  effect  of  the  pres 
ence  of  caustic  alkali. 

Copper.  Two  titration  curves  were  made  with  2  and  5  ml 
of  0.2  N  cupric  sulfate  present.  Two  definite  end  points  wert 
shown,  but  the  rate  of  change  of  e.m.f.  at  the  end  points  was  mucl 
slower  than  usual.  The  presence  of  copper  also  caused  a  lower¬ 
ing  of  both  titers  by  an  equal  amount,  as  shown  in  Table  III. 

The  reduction  of  the  first  titer  can  be  explained  quantitativelj 1 
by  the  formation  of  a  complex  cuprocyanide.  On  addition  of  thi  i 
copper  sulfate  to  the  cyanide  solution,  a  yellow-brown  precipitat* 
of  cupric  cyanide  is  formed  instantaneously.  The  precipitate 
however,  dissolves  immediately  in  the  excess  potassium  cyanide  < 

The  reaction  is  probably 

2KCN  +  CuSO<  =  Cu(CN)-  +  K2SO, 

Cu(CN)2  +  KCN  =  KCu(CN)3 

It  is  probable  that  the  complex  loses  cyanogen,  forming  th( 
cuprocyanide,  KCu(CN)2,  but  this  does  not  affect  the  quantitative 
discussion  of  the  reaction. 

The  cupric  sulfate  solution  is  0.2058  N,  and  it  is  seen  that 
3/2  moles  of  potassium  cyanide  are  equivalent  to  one  equivalent 
of  cupric  sulfate.  Thus,  to  form  the  potassium  cuprocyanide 
complex,  9.17  ml.  of  the  0.1683  N  potassium  cyanide  would  be 
required  with  5  ml.  of  cupric  sulfate  present  and  3.67  ml.  with  2 
ml.  of  cupric  sulfate.  This  would  leave  the  amount  of  potassium 
cyanide  in  10.83  and  16.33  ml.  unchanged.  To  the  first  end  point, 
these  would  be  equivalent  to  4.62  and  6.96  ml.  of  silver  nitrate, 


Table  III.  Effect  of  Copper  on  Titration 

0.2  N  Difference  of 

CuSOt  Titer  to  Titer  to  1st  and  2nd 

Present,  Ml.  1st  End  Point  2nd  End  Point  End  Points 

0  8.52  17.04  8.52 

2  6.94  15.50  8.56 

5  4.40  13.02  8.62 
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jspectively.  The  actual  titers  obtained  are  4.40  and  6.94  ml. 
Table  III).  Furthermore,  titration  of  10  ml.  of  0.3  N  potassium 
yanide  solution  with  0.1  N  cupric  sulfate  requires  exactly  20  ml. 
if  cupric  sulfate  to  the  first  appearance  of  turbidity.  This 
orre.sponds  exactly  to  the  formation  of  the  potassium  cupro- 
yanide  complex  by  the  equations  given  above.  It  is  clear  that 
le  addition  of  copper  will  reduce  the  cyanide  content  of  the 
ulution,  but  it  does  not  affect  the  actual  determination  of  the 
ee  cyanide  remaining. 

The  effect  of  copper  on  the  second  end  point  is  more  difficult 
>  explain.  It  seems  that  a  fairly  complicated  series  of  reactions 
ccurs.  At  first  a  white  precipitate,  which  contains  copper, 
formed.  After  the  fluctuation  in  e.m.f.,  the  precipitate  starts 
)  go  brown  on  further  addition  of  silver  nitrate.  This  is  due  to 
reaction  of  the  precipitate  and  silver  nitrate,  for  it  does  not 
ccur  if  the  precipitate  is  removed  by  filtration  at  the  end  point, 
oth  the  precipitate  and  supernatant  liquid  at  the  point  of  maxi- 
lum  fluctuation  of  e.m.f.  are  shown  to  contain  copper.  It  seems 
lat  the  only  reaction  which  could  possibly  fit  the  experimental 
ata  is  one  in  which  the  cuprocyanide  complex  reacts  with  silver 
itrate  during  the  second  st^ge  of  the  titration  in  the  following 
i  tanner: 

:KCu(CN)2  +  3AgNOj  = 

2KNO,  +  Ag2(CN)2 1  +  AgCu(CN)2  j,  +  CuNO, 

t  • 

Assuming  this  reaction,  the  difference  between  first  and  second 
ad  points  would  be  8.3  ml.  (actually  8.62)  when  5  ml.  of  0.2  N 
upric  sulfate  are  present.  There  is  no  certainty  that  this  is 
le  correct  reaction  involved,  but  of  all  possible  simple  reactions 
gives  values  nearest  the  observed  results.  The  true  reaction 
:  probably  more  complicated.  However,  the  presence  of  ap- 
reciable  quantities  of  copper  will  have  a  marked  effect  on  the 
icond  end  point  in  the  titration.  Small  amounts  of  copper 
resent,  however,  could  probably  be  neglected. 

Mercury.  The  presence  of  mercuric  salts  has  much  the  same 
Efect>on  the  titers  as  copper  salts.  The  effect  of  mercury  is  not 
ansidered  very  important,  as  it  would  be  very  uncommon  in 
lectroplating  solutions. 

Zinc.  The  presence  of  5  ml.  of  0.2  N  zinc  sulfate  had  no 
isible  effect  on  the  titration  curve. 

Ferrocyanide.  The  presence  of  ferrocyanide  had  a  very  slight 
fleet  on  the  turbidity  end  point.  The  titers  were  0.05  to  0.10  ml. 
oo  high  if  the  appearance  of  turbidity  were  taken  as  the  end 
oint.  Taking  the  zero  e.m.f.  as  end  point,  however,  gave  the 
orrect  result.  The  second  end  point  was  increased  in  an  amount 
quivalent  to  the  amount  of  ferrocyanide  present  assuming 
ig4Fe(CN)6is  formed.  Apparently  the  Ag2(CN)2  and  Ag«Fe(CN)9 
recipitate  together,  as  there  is  no  break  in  the  curve  after  the 
urbidity  commences.  If  appreciable  quantities  of  iron  are 
•resent  in  the  solution,  it  usually  occurs  as  ferrocyanide,  and  in 
rder  to  obtain  an  accurate  silver  estimation  it  will  be  necessary 
o  know  the  amount  of  ferrocyanide  ion  present  and  make  the 
ecessary  deduction  from  the  titer.  There  are  methods  de- 
cribed  in  the  literature  (5)  for  the  estimation  of  iron  in  such  solu- 
ions. 

|  Titration  of  Solutions,  Using  the  Galvanometer  Null 
|  ’oint  as  Indicator.  As  a  final  test  of  the  method,  several  solu¬ 
tions  were  titrated,  using  the  method  described  previously  with 
eries  galvanometer  and  interposed  e.m.f.  at  the  second  end  point. 
The  results  are  shown  in  Table  IV. 

,  Calculation  of  Result  on  Unknown  Electroplating 
Solution  in  Table  IV. 

Free  cyanide  in  10  ml.  is  equivalent  to  12.72  ml.  of  0.1911  N 
ilver  nitrate. 

The  volume  of  silver  nitrate  equivalent  to  the  argenticyanide 
n  the  solution  is  equal  to  the  titer  to  the  second  end  point  (35.35 
ol.)  less  twice  the  free  cyanide  titer  (2  X  12.72  ml.).  Therefore 
.rgentieyanide  is  equivalent  to  9.91  ml.  of  0.1911  N  silver  nitrate. 


As  the  solution  is  made  up  of  silver  cyanide  and  potassium 
cyanide  the  results  are  expressed  as  such: 

KCN  (uncombined)  =  0.2432  N  =  31.65  grams  per  liter 
Silver  as  Ag^CNJa  =  0.1893  N  =  25.35  grams  per  liter 
Silver  as  KAg(CN)2  =  0.1893  N  =  37.67  grams  per  liter 

Occasionally  in  titrating  these  unknown  solutions  it  is  noticed 
that  the  e.m.f.  is  10  or  20  millivolt  above  zero  at  the  first  end 
point.  This  is  possibly  due  to  high  carbonate  concentration,  and 
the  effect  can  be  overcome  by  putting  an  e.m.f.  of  10  to  20  milli¬ 
volt  in  the  circuit  in  the  appropriate  direction. 


Table  IV.  Titration  of  Solutions 


Titers 

Applied 
E.M.F.  at 

1st  end 

2nd  end 

2nd  End 

Conditions  of  Titration 

point 

point 

Point 

Ml. 

Ml. 

Volf 

20  ml.  aliquots  of  0.3  N  KCN  solutions 

15.41 

30.81 

0.23 

15.43 

30.81 

0.23 

20  ml.  of  0.3  N  KCN,  plus  20  ml.  of  N 

15.45 

30.85 

0.19 

KjCOj  solution 

15.45 

30.85 

0.19 

20  ml.  of  0.3  N  KCN,  plus  20  ml.  of  N 

15.47 

30.90 

0.23 

KjCOi,  plus  excess  Ba(NOi)j  solution 

16.08* 

32.20 

0.23 

(40  ml.  of  0.65  JV) 

10-ml.  aliquots  of  silver  plating  solution 

12.70 

35.37 

0.22 

after  intermittent  use  for  15  months: 

12.72 

35.35 

0.22 

COi"  all  precipitated  by  excess  barium 

12.72 

35.35 

0.22 

nitrate 

Av. 

12.72 

35.35 

a  New  silver  nitrate  solution. 


CONCLUSIONS 

The  estimation  of  free  cyanide  and  argenticyanide  in  a  silver 
plating  solution  can  both  be  carried  out  in  the  one  titration,  using 
electrometric  methods  to  detect  the  Liebig  end  point  and  the  point 
of  complete  precipitation  of  silver  cyanide.  It  has  been  shown 
that  zinc,  chloride,  hydroxide,  and  carbonate  show  no  appreci¬ 
able  interference  with  the  method.  The  presence  of  copper,  iron, 
and  mercury,  however,  can  have  quantitative  effects  on  the  titra¬ 
tion  to  the  second  end  point.  These  impurities  are  normally 
never  present  except  in  very  small  concentration  and  do  not  really 
militate  against  the  method  of  analysis. 

It  is  important  to  note  that  the  presence  of  chloride  can  be 
detected  quantitatively  by  continuing  the  titration  after  the 
cyanide  end  point.  The  effect  of  ferrocyanide — probably  the 
commonest  heavy  metal  impurity — can  be  shown  quantitatively 
and  allowed  for  if  the  iron  content  is  known  accurately. 

The  accuracy  of  the  electrometric  method  is  much  in  excess 
of  that  usually  required  for  electroplating  solution  analysis,  and 
the  sensitivity  of  the  end  point  is  much  less  than  one  drop  (0.03 
ml.)  of  0.2  N  silver  nitrate. 
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Correction — 1944  Index 

On  the  second  page  of  the  Author  Index  of  the  Analytical 
Edition  for  1944,  printed  in  the  December  issue,  the  name  of 
Fritz  Feigl  was  omitted  from  the  reference  to  the  article  by  Fritz 
Feigl  and  L.  I.  Miranda  on  “Selective  Spot  Microreaction  for 
Cadmium”,  page  141. 


Determining  Traces  of  Bismuth  in  Copper  by  Means  of 

Dithizone 

YU-LIN  YAO1,  Department  of  Metallurgy,  Lehigh  University,  Bethlehem,  Pa. 


A  method  is  proposed  for  the  determination  of  traces  of  bismuth 
in  copper.  No  new  principles  are  involved.  Bismuth  is  first  col- 
lected  by  hydrated  manganese  dioxide.  Bismuth  and  lead  are  then 
extracted  in  an  alkaline  medium  of  cyanide  by  solution  of  dithizone 
in  carbon  tetrachloride.  Finally  bismuth  is  titrated  by  the  solution 
of  dithizone  at  pH  3.  Since  this  method  requires  no  special 
apparatus  and  takes  only  2  to  3  hours  to  run  a  single  analysis,  it  is 
suitable  for  a  control  method  in  a  copper  refinery. 

SEVERAL  methods  have  been  proposed  for  the  determination 
of  traces  of  bismuth  in  copper  (9).  In  brief,  bismuth  is 
first  separated  from  large  quantities  of  copper  by  a  collective 
agent,  such  as  ferric  hydroxide  (10),  or  hydrated  manganese  diox¬ 
ide  ( 6 ,  7),  or  an  extractive  agent  such  as  dithizone  (3);  it  is  then 
determined  spectrographically  (7)  or  colorimetrically  (3,  6,  10). 
An  entirely  different  method  (3)  consists  of  the  formation  of  a 
bismuth  mirror  when  copper  millings  are  heated  at  1050°  to 
1060°  C.  in  a  stream  of  hydrogen. 

Both  the  method  involving  the  bismuth  mirror  and  the  spectro- 
graphic  method  require  elaborate  apparatus  not  usually  avail¬ 
able  in  copper  refineries.  The  extraction  of  bismuth  directly 
from  copper  solution  in  an  alkaline  medium  of  cyanide  is  objec¬ 
tionable  in  that  large  quantities  of  cyanide  have  to  be  added  to 
keep  the  copper  ion  in  complex  form,  which  results  in  the  libera¬ 
tion  of  much  toxic  hydrogen  cyanide  and  cyanogen.  The  colori¬ 
metric  method  (iodobismuthite  method)  is  interfered  with  by 
many  ions  which  liberate  iodine  or  form  insoluble  iodides.  Some 
investigators  suggest  the  use  of  acid  sulfite  or  stannous  chloride 
solution  to  reduce  the  iodine  so  liberated,  but  even  so  the  diffi¬ 
culties  involved  are  far  from  being  solved.  Thus,  a  simple  and 
fairly  accurate  method  of  determining  traces  of  bismuth  in  copper 
is  needed  for  control  purposes. 

This  paper  suggests  a  method  using  dithizone  and  incorporating 
the  following  principles: 

Hydrated  manganese  dioxide  is  used  as  a  collector  of  bismuth 
(7).  This  effects  a  rough  separation  of  bismuth  from  copper, 
without  loss  of  bismuth. 

The  precipitate  of  manganese  dioxide  is  dissolved  and  the  bis¬ 
muth  is  extracted  from  an  ammoniacal  solution  of  cyanide  with  a 
solution  of  dithizone  in  carbon  tetrachloride.  According  to 
Fischer  (4),  Bi  +  +  +  ,  Pb+  +  ,  Sn++,  and  Tl+  are  the  possible  ions 
so  extracted.  Thallium  is  not  likely  to  be  present  in  ordinary 
copper.  Tin  is  oxidized  during  the  dissolution  of  copper.  There¬ 
fore,  lead  is  the  only  other  element  coextracted  with  bismuth  in 
appreciable  amounts. 

The  dithizonates  of  lead  and  bismuth  are  thrown  back  from 
the  carbon  tetrachloride  phase  into  the  water  phase  by  shaking 
them  with  dilute  acid.  Bismuth  is  the  only  element  titrated 
out  by  the  solution  of  dithizone  at  pH  3  (1,5, 11). 

PROCEDURE 

Dissolve  a  suitable  weight  of  copper,  containing  about  10  to 
60  micrograms  of  bismuth,  in  dilute  nitric  acid  (1  +  1).  If  the 
content  of  bismuth  is  unknown,  take  15  grams  of  sample.  Boil 
the  resulting  solution  to  eliminate  oxides  of  nitrogen,  cool  it, 
and  neutralize  it  with  dilute  ammonium  hydroxide  (1  +  1) 
until  it  is  jnst  alkaline  to  methyl  orange  indicator.  Add  suffi¬ 
cient  nitric  acid  to  give  an  acid  concentration  of  about  0.02  N. 
Heat  the  solution  to  boiling,  add  5  ml.  of  20%  potassium  bromide 
solution  and  3  ml.  of  3%  potassium  permanganate  solution,  and 
keep  boiling  until  the  violet  color  of  the  solution  vanishes.  Filter 
out  the  precipitate  of  manganese  dioxide  on  a  Gooch  crucible 
and  wash  it  twice  with  5-ml.  portions  of  water.  Add  the  same 
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volumes  of  solutions  of  potassium  bromide  and  potassium  per 
manganate  to  the  filtrate  as  before  to  obtain  a  second  precipitatt 
of  manganese  dioxide.  Combine  the  precipitates  and  dissolvi 
them  in  about  5  ml.  of  a  mixture  containing  equal  parts  of  dilute 
sulfuric  acid  (1  +  4)  and  20%  sodium  sulfite  solution.  Add  < 
ml.  of  50%  citric  acid  solution.  Add  dilute  ammonium  hy  : 
droxide  (1+9)  drop  by  drop  until  the  odor  of  ammonia  is  barelj 
perceptible.  Add  also  4  ml.  of  50%  solution  of  potassium  cy 
anide. 

Transfer  the  resulting  solution  to  a  separatory  funnel,  anc 
add  an  excess  of  a  solution  of  dithizone  in  carbon  tetrachloride 
(5  mg.  per  100  ml.)  in  5-ml.  portions  from  a  buret,  the  dithizone 
having  been  purified  by  the  ordinary  method  (8).  Shake  the 
separatory  funnel  vigorously  after  each  addition  of  dithizone,  anc 
draw  off  the  carbon  tetrachloride  phase  each  time  before  pro¬ 
ceeding  with  the  next  addition  of  ‘dithizone.  Stop  adding  the 
dithizone  solution  when  the  green  color  of  the  solution  remaii 
unchanged  for  1  minute.  Collect  the  red  dithizonates  in  an¬ 
other  separatory  funnel,  and  wash  them  with  about  5  ml.  o: 
water.  Add  about  5  ml.  of  nitric  acid  (1  +  19).  After  vigorouf 
shaking,  draw  off  the  carbon  tetrachloride  phase  to  a  third  sep 
aratory  funnel  and  repeat  the  shaking  with  dilute  nitric  aqid 
Combine  the  acid  extracts,  add  2  drops  of  0.04%  m-cresol  purple 
indicator,  and  neutralize  with  dilute  ammonium  hydroxide  (1  +  9' 
until  the  solution  is  almost  colored  orange.  Extract  with  fresl 
carbon  tetrachloride  in  5-ml.  portions  to  remove  the  yellow  oxi¬ 
dation  products  of  dithizone,  they  being  least  soluble  in  water 
at  about  pH  3.  Add  about  0.2  gram  of  hydroxylamine  hydro¬ 
chloride  to  minimize  the  oxidation  of  dithizone.  Readjust  the 
pH  of  the  solution  by  adding  dilute  ammonium  hydroxide  oi 
nitric  acid  until  the  solution  is  colored  orange  (pH  3).  Add  the 
solution  of  dithizone  in  small  volumes.  Shake  vigorously  for  at 
least  2  minutes.  Draw  off  the  orange  bismuth  dithizonate  be 
fore  the  next  addition.  The  end  point  is  reached  when  the 
green  dithizone  solution  remains  unchanged  in  color. 

Calibrate  the  dithizone  solution  against  the  standard  bismutt 
solution  every  day.  Prepare  the  standard  bismuth  solution 
by  dissolving  0.1  gram  of  pure  bismuth  in  nitric  acid  and  then 
diluting  to  1  liter.  Take  care  to  have  sufficient  nitric  aciel 
present  so  that  no  basic  salt  of  bismuth  is  precipitated  during 
the  dilution.  One  milliliter  of  this  solution  contains  100  micro¬ 
grams  of  bismuth. 

ANALYTICAL  RESULTS 

To  test  this  procedure,  various  amounts  of  bismuth  were  added 
to  25  ml.  of  acid  copper  sulfate  solution  (copper,  40  grams  per  liter, 
sulfuric  acid,  184  grams  per  liter).  The  results  (Table  I)  arc 
one  set  of  single  determinations  selected  at  random  from  several 
sets.  In  each  determination  a  blank  of  2  micrograms  has  beeD 
subtracted  from  the  amount  of  bismuth  found. 

Analyses  were  also  made  with  different  forms  of  copper  (Table 
II).  These  different  forms  do  not  come  from  the  same  source, 


Table  I.  Determination  of  Bismuth  in  Acid  Copper  Solution 


(1  ml.  of  dithizone  solution  equivalent  to  13-y  of  bismuth) 


Bi  Added 

V’oleme  of 
Dithizone 
Solution 

Bi  Found 

Error 

7 

Ml. 

7 

7 

10 

0.65 

9 

-l 

20 

1.85 

18 

-2 

30 

2.35 

31 

+  1 

40 

2.95 

38 

-2 

60 

4.85 

57 

-3 

80 

5.95 

77 

-3 

100 

7.35 

96 

-4 

Table  II.  Determination  of  Bismuth  in  Refined  Copper 


Form  Bismuth  Content,  % 

Copper  sheet  0.0002 

Copper  shots  0 . 0007 

Copper  wire  0  00008 

Copper  powder  0.0018 
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io  that  results  are  not  comparable.  The  weight  of  sample  taken 
varied  from  5  to  25  grams.  A  blank  of  2  micrograms  was  sub- 
racted  from  the  amount  of  bismuth  found.  The  results  have 
lot  been  checked  with  other  methods,  but  the  author  feels 
:ertain  that  the  error  is  less  than  ±3  micrograms  and  that  the 
elative  error  is  less  than  15%. 
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Factors  Affecting  Determination  of  Potash  in  Fertilizers 

H.  L.  MITCHELL  AND  o.  W.  FORD,  Purdue  University  Agricultural  Experiment  Station,  Lafayette,  Ind. 


'vidence  indicates  that  the  presence  of  phosphate  caused  appreci- 
bly  low  results  in  the  determination  of  potash  by  the  official  Lindo- 
lladding  method.  Somewhat  higher  potash  values  were  obtained 
vhen  the  phosphate  was  removed  by  precipitating  with  magnesium 

Shloride.  When  freshly  prepared  sodium  hydroxide  solutions  were 
sed,  the  potassium  chloroplatinate  was  contaminated  with  little  or 
o  water-insoluble  residue.  However,  upon  standing  for  some 
me,  sufficient  sodium  silicate  was  produced  by  action  of  the  alkali 
itn  the  glass  container  to  cause  the  formation  of  considerable  residue. 

T  WAS  early  observed  that  the  presence  of  phosphate  caused 
low  results  in  the  determination  of  potash  by  the  Lindo- 
iladding  method.  Methods  proposed  for  the  removal  of  phos- 
hate  include  precipitating  with  magnesium  chloride  (6),  mag- 
esium  oxide  (2),  and  calcium  carbonate  ( S ).  Bible  ( 1 )  found 
rat  addition  of  sodium  hydroxide  before  ignition  prevented  the 
tching  of  silica  and  porcelain  dishes  and  permitted  better  re- 
overy  of  potash  from  solutions  of  known  potash  content, 
iraybill  and  Thornton  (6)  also  concluded  that  the  addition  of 
id i urn  hydroxide  effectively  prevented  the  interference  of 
hosphate.  Recently,  however,  this  conclusion  has  been  ques- 
loned  (4). 

Another  problem  encountered  in  the  Lindo-Gladding  method 
i  the  occurrence  of  insoluble  material  in  the  potassium  chloro- 
latinate  precipitate.  Kraybill  and  Thornton  state  that  residue 
irmation  can  be  prevented  by  adding  0.6  ml.  of  hydrochloric 
cid  to  the  alcohol  with  which  the  potassium  chloroplatinate  is 
treated  after  evaporation  to  dryness.  It  has 
een  observed  in  this  laboratory,  however,  that 
residue  usually  remains  after  the  potassium 
aloroplatinate  is  dissolved  from  the  crucible 
•ith  hot  water. 


method  for  potash  in  mixed  fertilizers,  except  that  the  potassium 
chloroplatinate  was  dissolved  out  of  the  crucibles  and  determined 
by  reweighing  the  crucibles.  The  potash  contained  in  the  phos¬ 
phate  solution  alone  was  determined  both  by  the  Lindo-Gladding 
gravimetric  method  and  by  a  modification  of  the  colorimetric 
method  of  Sideris  (7).  These  values  appear  in  Table  I  as  correc¬ 
tions  to  be  applied  to  the  total  potassium  chloroplatinate  found 
in  each  determination. 

Experiment  B.  Solutions  of  two  20%  superphosphates 
(Laboratory  Nos.  LL5281  and  LL5317)  were  prepared  according 
to  the  official  potash  method.  Then  25-ml.  aliquots  of  a  potassium 
chloride  solution  and  of  the  superphosphate  solutions  were  placed 
in  platinum  dishes  and  potash  was  determined  as  in  Experiment 
A.  Corrections  for  the  potash  in  the  superphosphates  were 
determined  both  gravimetrically  and  colorimetrically. 

Experiment  C.  In  order  to  investigate  the  effect  of  removing 
the  phosphate  from  solution,  as  advocated  by  some  workers,  the 
following  materials  were  placed  in  four  250-ml.  volumetric  flasks: 

Flask  1,  100  ml.  of  a  potassium  chloride  solution. 

Flask  2,  100  ml.  of  a  potassium  chloride  solution  and  2.5  grams 
of  superphosphate  (No.  LL5317). 

Flask  3,  100  ml.  of  a  potassium  chloride  solution,  2.5  grams  of 
superphosphate  (No.  LL5317),  and  2.5  grams  of  magnesium 
chloride  hexahydrate. 

Flask  4,  2.5  grams  of  the  superphosphate  and  2.5  grams  of 
magnesium  chloride  hexahydrate. 

Flask  1  was  made  to  volume  with  water. 

Flasks  2,  3,  and  4  were  made  up  as  potash  solutions  by  adding 
ammonium  oxalate,  boiling  for  30  minutes,  adding  ammonium 
hydroxide,  and  filtering.  The  insoluble  materials  from  flasks  2 
and  3  were  dried  and  suspended  in  volumetric  flasks  which  had 
been  filled  to  the  mark  with  water.  The  increase  in  volume  due 
to  the  insoluble  material  from  flask  2  was  0.7  ml.  and  the  increase 
due  to  that  from  No.  3  was  1.5  ml.  Thus  the  potassium  ions 


Table  I.  Effect  of  Phosphate  on  Potash  Determination 

Correction 


The  purpose  of  the  work  herein  reported  was 
I  re-examine  the  problem  of  phosphate  inter- 
irence  and  to  evaluate  the  error  that  may  be 
incountered  by  failure  to  correct  for  impurities 
)  the  potassium  chloroplatinate. 

PROCEDURE 

Experiment  A.  A  solution  of  sodium  phos- 
.hate  was  prepared  such  that  1  ml.  contained 
le  equivalent  of  5  mg.  of  phosphorus  pentoxide. 
nto  platinum  dishes  were  pipetted  25-ml.  ali- 
uots  of  a  potassium  chloride  solution  and  suf- 
cient  sodium  phosphate  solution  to  introduce 
ie  equivalent  of  0,  5,  25,  and  50  mg.  of  phos- 
horus  pentoxide  per  determination.  Potash 
as  determined  by  the  official  Lindo-Gladding 


Total 

KjPtCle 

I 

Lindo- 

II 

Colori- 

Corrected  Value 

L086 

Treatment 

Found 

Gladding 

metric 

i 

II 

i 

II 

Experiment  A,  sodium 
phosphate 

KCl  (ignited) 

Gram 

Gram 

Gram 

Gram 

Gram 

Gram 

Gram 

0.1409 

0.1409 

0.1409 

KC1  +  5  mg.  PjOs 

0  1408 

0.0002 

0.0005 

0.1406 

0.1403 

0.0003 

0.0006 

KCl  +  25  mg.  P,Oi 

0.1410 

0.0008 

0.0025 

0.1402 

0.1385 

0 . 0007 

0.0024 

KC1  -j-  50  mg.  PsOs 
Experiment  B,  super- 

0. 1411 

0.0016 

0.0050 

0.1395 

0.1361 

0.0014 

0.0048 

phosphate 

KCl  (ignited) 

0.0971 

0.0971 

0.0971 

KCl  +  LL5281 

0.1008 

0 . 0053 

0.0075 

0.0955 

0 . 0933 

0 . ooi6 

0.0038 

KCl  +  LL5317 

0.0994 

0 . 0036 

0.0061 

0.0958 

0.0933 

0.0013 

0.0038 

Experiment  C 

KCl  (ignited) 

0.0967 

0.0967 

0  0967 

KCl  +  LI.5317 

KCl  +  LL5317  + 

0 . 0983 

0.0036 

0.0061 

0.0947 

0 . 0922 

0.0020 

0.0045 

MgClj 

0.1030 

0.0077 

0.C094 

0 . 0953 

0.0936 

0.0014 

0.0031 
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Table  II.  Effect  of  Age  of  Alkali  Solution  on  Residue  Formation 

Average  Residue, 


Materials  Analyzed  Alkali  Used  Gram 

No.  LL5317  Freshly  prepared  0.0001 

Two  weeks  old  —0.0001 

One  year  old  0 . 0023 

Two  years  old  0 . 0027 

Jif Cl  (ignited)  One  year  old  0.0026 

NCI  +  LL5317  One  year  old  0.0024 

Night  mixed  fertilizers  Freshly  prepared  0.0005 

Two  years  old  0 . 0028 


were  dispersed  in  249.3  and  248.5  ml.  of  solution,  instead  of  250 
ml.  The  results  have  been  calculated  on  the  basis  of  these  cor¬ 
rected  volumes. 

Potash  values  were  obtained  on  the  four  solutions  by  the  of¬ 
ficial  method.  In  addition,  the  correction  value  (flask  4)  was 
determined  colorimetrically,  as  in  Experiments  A  and  B. 

Experiment  D.  It  was  observed  that  when  the  amount  of 
sodium  hydroxide,  which  is  added  to  the  aliquot  before  evapora¬ 
tion,  was  reduced  from  2  ml.  to  1  ml.  there  was  a  decrease  in  the 
amount  of  residue  left  in  the  crucibles  after  dissolving  out  the 
potassium  chloroplatinate.  Since  this  indicated  that  the  sodium 
hydroxide  was  responsible  for  at  least  part  of  the  residue  forma¬ 
tion,  the  amount  of  residue  formed  was  determined  when  alkali 
solutions  of  varying  ages  were  used  (Table  II). 

DISCUSSION 

The  data  in  Table  I  show  that  if  the  gravimetric  correction 
■for  the  potash  in  the  phosphate  source  is  used,  the  loss  of  potash  is 
small,  as  has  been  reported  by  previous  investigators,  but,  if 
the  colorimetric  correction  is  employed,  the  loss  is  appreciable. 
Experiments  B  and  C  (Table  I)  indicate  an  average  loss  of  0.0016 
gram  of  potassium  chloroplatinate  when  the  gravimetric  correc¬ 
tion  is  used,  and  0.0038  gram  if  the  colorimetric  correction  is  em¬ 
ployed.  Loss  of  these  amounts  of  potassium  chloroplatinate  dur¬ 
ing  determination  of  potash  in  a  fertilizer  by  the  official  method 
would  be  equivalent  to  losses  of  0.12  and  0.30%  K20,  respectively. 

It  is  well  known  that  80%  ethanol  causes  some  loss  of  potas¬ 
sium  chloroplatinate  in  the  official  method.  For  this  reason 
alone  the  gravimetric  correction  is  undoubtedly  low.  Further¬ 


more,  if  there  is  a  loss  due  to  the  presence  of  phosphate  at  the  time 
of  ignition,  all  the  potash  in  the  phosphate  source  will  not  be 
represented  in  the  gravimetric  correction  value.  It  is  the  opinion 
of  the  authors,  therefore,  that  the  colorimetric  method  more  ac¬ 
curately  measures  the  amount  of  potash  in  the  phosphate  source, 
and  that  the  loss  of  potash  by  the  official  method  is  greater  than 
has  been  previously  reported. 

The  data  obtained  in  Experiment  C  indicate  that  removal  oi 
the  phosphate  by  precipitating  with  magnesium  chloride  yields 
slightly  higher  potash  values.  Failure  to  obtain  still  higher 
values  may  be  due  to  slight  occlusion  of  potassium  ions  on  the 
magnesium  ammonium  phosphate  precipitate  during  the  ex¬ 
traction  process,  as  has  been  previously  postulated  (/). 

The  results  summarized  in  Table  II  show  that  the  sodium 
hydroxide  solution  is  responsible  for  most  of  the  residue  forma¬ 
tion  that  occurs.  On  treatment  of  the  residue  with  hydrofluoric 
acid,  91.4%  was  volatilized,  indicating  that  it  was  largely  silica  I 
Apparently  the  alkali  solution  on  long  standing  reacts  with  the 
glass  container.  The  sodium  silicate  thus  formed  becomes  in¬ 
soluble  upon  ignition  and  is  not  removed  in  subsequent  opera¬ 
tions. 

In  view  of  this  effect  of  sodium  hydroxide  on  residue  forma¬ 
tion,  it  would  seem  desirable  to  modify  the  official  method 
(1)  to  specify  the  use  of  a  silicate-free  (freshly  prepared)  sodium 
hydroxide  solution,  or  (2)  to  recommend  that  the  potassium 
chloroplatinate  be  dissolved  out  and  the  crucibles  reweighec 
if  the  alkali  is  not  prepared  at  frequent  intervals. 
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Apparatus  for  Preparing  Samples  for  Analysis 

Rapid  Pulverizing  an  d  M  ixing  of  Small  Solid  Samples 

LOUIS  LYKKEN,  F.  A.  ROGERS,  AND  W.  L.  EVERSON,  Shell  Development  Company,  Emeryville,  Calif. 


A  sample  pulverizer  is  described  which  is  designed  for  the  rapid 
preparation  of  large  numbers  of  3-  to  20-gram  solid  samples  for 
analysis,  with  negligible  contamination  or  loss  of  material.  It  is 
essentially  a  small  high-speed  hammer  mill.  A  practical  apparatus 
for  mixing  the  pulverized  samples,  consisting  of  a  weighing-bottle 
clamp  rotated  by  a  motor-driven  shaft,  is  also  described. 

THE  analysis  of  a  large  number  of  materials  requires  prelim¬ 
inary  reduction  of  a  3-  to  20-gram  sample  from  an  initial 
size  of  4-  to  8-mesh  to  50-mesh  or  finer  with  negligible  contamina¬ 
tion  or  loss  of  material.  None  of  the  commercially  available 
sample  pulverizers  is  entirely  satisfactory  for  this  purpose. 
Those  employing  a  motor-driven  mortar  and  pestle  are  designed 
primarily  to  produce  small  amounts  of  finely  divided  material 
and  do  not  lend  themselves  to  the  rapid  pulverizing  of  large  num¬ 
bers  of  samples.  Ball  mills  and  mills  of  the  disk-grinding  type 
are  not  designed  to  operate  with  quantities  of  material  as  small 
as  3  grams  and  may  cause  undue  contamination  or  loss  of  ma¬ 
terial  if  so  used.  The  sample  pulverizer  herein  described  is  a 
convenient  instrument  designed  and  built  expressly  to  meet  the 


above  requirements.  For  use  in  conjunction  with  the  samp! 
pulverizer,  a  practical  apparatus  for  mixing  the  pulverized  sam 
pies  is  also  described. 

PULVERIZER 

Description.  The  sample  pulverizer,  shown  along  with  thi 
sample  mixer  in  Figure  1  and  depicted  diagrammatically  in  Figuri 
2,  is  essentially  a  small  high-speed  hammer  mill  with  fixed  (non 
pivoted)  hammers. 

A  one-piece  four-armed  rotor,  R,  whose  arms  function  as  ham 
mers,  is  driven  in  the  cylindrical  pulverizing  chamber  at  approxi 
mately  10,000  revolutions  per  minute  by  a  direct  coupled  0.125 
hp.  series  type,  110-volt,  60-cycle,  alternating  current  motor 
The  pulverizing  chamber,  7.5  cm.  (3  inches)  in  diameter  and  1.' 
cm.  (0.75  inch)  deep,  is  built  into  the  steel  block,  B,  and  i: 
equipped  with  a  removable  cover,  C,  held  in  place  by  spring  clips 
P,  and  retaining  pins,  and  provided  with  a  hopper  and  cock,  S 
for  charging  material  into  the  chamber.  The  cock  is  turnei 
through  an  angle  of  about  120  degrees  to  allow  a  small  cavity  ii 
the  cock  alternately  to  fill  with  material  from  the  hopper  and  t< 
discharge  this  material  through  a  channel  into  the  chamber 
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Figure  1.  Sample  Pulverizer  and  Mixer 


his  arrangement  serves  to  prevent  too  rapid  feeding  of  material 
ad,  at  the  same  time,  effectively  to  seal  the  channel,  so  as  to  pre- 
ent  loss  of  dust  during  the  pulverizing  operation. 

Upon  entering  the  chamber,  the  material  is  picked  up  by  the 
>tor  and  thrown  against  the  cylindrical  wall  of  the  block, 
ulverization  is  very  rapidly  achieved  by  successive  impacts  of 
le  particles  with  the  hammer  and  wall.  The  pulverized  material 
asses  through  an  interchangeable  metal  sieve  plate,  E,  at  the 
attorn  of  the  chamber  and  falls  through  the  sieve  retainer  and 
livery  tube,  D,  directly  into  a  weighing  bottle,  IT,  which  is  held 
gainst  the  rubber  cone,  F,  of  the  delivery  tube  by  a  spring  clamp 
ipport.  A  rough  control  over  the  particle  size  of  the  ground 
roduct  can  be  accomplished  by  use  of  sieve  plates  of  varying 
agrees  of  fineness.  However,  hole  diameters  of  0.055  and  0.036 
ich  have  been  found  generally  suitable  for  soft  and  hard  materi- 
s,  respectively.  Soft  materials  tend  to  clog  the  sieve  plate  when 
ne  holes  are  used. 

The  pulverizing  chamber  is  fitted  with  a  replaceable  sleeve 
ner  which  provides  for  a  clearance  of  0.02  mm.  (0.008  inch)  be- 
veen  the  outer  edge  of  the  rotor  arms  and  the  finer.  This  liner, 
le  rotor,  and  the  inside  surface  of  the  chamber  and  cover  are 
trided  to  produce  a  surface  unusually  resistant  to  wear.  Fur- 
lermore,  since  the  pulverizing  action  is  due  to  impact  rather 
lan  to  grinding  or  shearing  forces,  contamination  of  the  sample 
ith  iron  is  reduced  to  a  minimum. 

All  parts  of  the  hopper,  cock,  and  sieve  assembly 
in  be  quickly  assembled  or  disassembled  without  the 

5e  of  tools.  All  passages  through  which  the  material  - 

asses  are  readily  accessible  and  can  be  cleaned  by  use 
'  an  ordinary  test-tube  brush  followed  by  blowing  with 
stream  of  compressed  air.  The  machine  is  easily 
verted  to  facilitate  cleaning;  a  small  Bakefite  guard 
ate  attached  to  the  rear  motor  housing  prevents  the 
iggle  switch  from  coming  in  contact  with  the  table 
>p  when  the  machine  is  inverted. 

Operation.  Completely  assemble  the  cleaned  ap- 
iratus.  Turn  on  the  motor  and  allow  it  to  reach  full 
>eed.  Place  a  clean  weighing  bottle  tightly  against 
ie  rubber  cone  of  the  sieve  retainer  and  delivery  tube 
id  clamp  the  bottle  in  place  by  use  of  the  spring 
amp.  Place  the  sample,  crushed  to  4-mesh  or  finer, 
the  hopper  and  feed  portions  of  it  into  the  pulverizing 
lamber  by  a  120  degree  movement  of  the  delivery 
>ck,  allowing  the  motor  to  regain  full  speed  after  each 
Idition  of  material.  When  a  sufficient  amount  of 
mple  has  been  pulverized,  stop  the  motor,  dis¬ 
semble  the  apparatus,  and  clean  it  by  thorough 
•ushing  followed  by  blowing  out  with  a  jet  of  com- 
•essed  air.  Add  the  brushings  to  the  main  portion 
the  sample  in  the  weighing  bottle. 


Performance.  The  results  of  tests  carried  out  to  determine 
the  efficiency  of  the  sample  pulverizer  are  summarized  in  Table 
I.  It  will  be  seen  that  the  pulverizer  is  capable  of  reducing  ma¬ 
terials  of  hardness  below  that  of  quartz  (H7)  to  powders  substan¬ 
tially  finer  than  50-mesh  and  that  the  time  required  for  the  pul¬ 
verization  of  5  grams  of  material  varies  from  1  to  4  minutes,  de¬ 
pending  upon  various  properties  of  the  material.  The  loss  on 
milling  is  small  and  should  have  no  effect  on  the  composition  of 
the  sample.  The  percentage  loss  is  reduced  when  larger  samples 
are  milled. 

Quartz,  although  pulverized  as  rapidly  as  rock  salt,  is  not  re¬ 
duced  to  as  fine  a  state  of  subdivision  and  causes  slight  scratching 
and  abrasion  in  the  pulverizing  chamber.  Carborundum  chips 
(H9.5)  cause  appreciable  abrasion.  This  indicates  that  use  of 
the  pulverizer  should  be  limited  to  materials  of  hardness  below 
that  of  quartz  (H7). 

Iron  is  the  impurity  most  likely  introduced  by  the  pulverizer. 
The  contamination  with  iron  is  determined  by  the  effective  hard¬ 
ness  of  the  pulverizing  chamber  and  abrasive  qualities  of  the 


Table  I.  Operating  Characteristics  of  Sample  Pulverizer 


Hardness 

on 

Moh’s 

Time 

to 

Mill 

5 

Loss  in 

Screen  Anabasis  of  Product 

Finer 

than 

20-50  50-100  100-200  200 

Material 

Scale 

Grams 

Milling 

mesh 

mesh 

mesh 

mesh  l 

Rock  salt 

2.5 

Min. 

1.5 

% 

1.8 

% 

0.8 

% 

11.0' 

% 

17.0 

% 

71.2 

Activated  alumina, 
8-14  mesh 

1 

1.0 

0.8 

5.9 

11.0 

82.3 

Activated  alumina, 
4-8  mesh 

1 

1.1 

0.6 

2.5 

17.0 

79.9 

Activated  alumina, 
4-8  mesha 

3.5 

2.1 

0.0 

0.4 

12.0 

87.6 

Porocel 

1 

1.0 

3.5 

3.7 

16.0 

76.8 

Marble  chips 

3' 

1.5 

0.6 

1.3 

27.0 

29.0 

42.7 

Marble  chips3 

3 

1.5 

3.8 

0.0 

3.7 

21.0 

75.3 

Pyrex 

6 

1.5 

1.2 

3.6 

21.0 

32.0 

43.4 

Pyrex3 

6 

2.5 

0.9 

0.7 

13.0 

30.0 

56.3 

Iron  pyrites 

6-6 . 5 

1 

1.0 

2.6 

14.0 

24.0 

59  4 

Quarts 

7 

1.5 

0.9 

5.0 

16.0 

29.0 

50.0 

Carborundum 

9.5 

4 

Gain 

6.5 

14.0 

31.0 

48.6 

3  Sieve  plate  hole  diameter 
&  By  difference. 


0.036  inch;  all  other  trials,  hole  diameter  =  0.056  inch. 
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Figure  2.  Component  Parti  of  Sample  Pulverizer 


RA 


Figure  3.  Construction  Detail  of  Sample 
Mixer 

Weighing  bottle  clamp 

A.  Rubber  tubing  C.  Compression  spring 

B .  Tension  spring  D.  Horizontal  shaft 

sample.  When  the  surfaces  of  the  rotor  and  pulverizing  chamber 
are  uniformly  nitrided,  the  contamination  by  iron  is  generally 
less  than  0.01  %  for  materials  such  as  inorganic  oxides,  salts,  and 
glasses  (hardness  less  than  6). 

Rock  salt  and  Porocel  tend  to  form  adherent  coatings  on  the 
inside  of  the  pulverizing  chamber.  These  coatings  are  difficult 
to  remove  by  brushing  but  are  easily  removed  by  running  a  few ' 
grams  of  marble  through  the  pulverizer. 

SAMPLE  MIXER 

Description.  The  sample  mixer,  shown  in  Figure  1,  consists 
essentially  of  a  specially  designed  clamp  mounted  on  a  shaft 
which  is  driven  through  a  72  to  1  worm  and  pinion  reduction  gear 


by  a  1/30-hp.,  110-volt,  universal  type  alternating-direct  curren 
motor.  The  speed  of  the  motor  is  controlled  by  a  series  rheostat 
so  that  the  speed  of  the  shaft  can  be  varied  at  will  between  30  anc 
150  revolutions  per  minute. 

The  clamp  for  holding  the  weighing  bottle  (Figure  3)  is  ar 
ranged  so  that  the  axis  of  the  shaft  passes  slightly  below  th 
geometrical  center  of  the  weighing  bottle  and  forms  an  angle  o 
135  degrees  with  the  major  axis  of  the  weighing  bottle.  Thus 
when  the  machine  is  turned  on,  any  material  in  the  weighin; 
bottle  is  subjected  to  a  motion  such  as  to  minimize  segregated 
caused  by  differences  in  density,  particle  size,  or  particle  shape. 

The  clamp  is  designed  to  hold  the  same  weighing  bottle  receive 
(which  may  be  20  to  40  mm.  in  diameter  and  40  to  60  mm.  high 
used  with  the  sample  pulverizer.  The  glass-stoppered  weighin, 
bottle  is  held  in  place  by  a  clamp  and  spring  arrangement  whic' 
automatically  compensates  for  differences  in  diameter  an 
height  of  the  bottle  and  permits  quick,  easy  placement  or  removs 
of  the  bottle.  The  clamp  assembly  is  not  damaged  if  the  mixe 
is  started  when  the  weighing  bottle  is  not  in  place. 

The  shaft  is  provided  with  an  eccentric  cam,  and  a  small  mete 
hammer  connected  to  a  tension  spring  is  so  placed  that  the  ham 
mer  strikes  the  shaft  a  sharp  tap  twice  during  each  revolution 
This  feature  (not  shown;  inside  the  housing)  is  of  value  in  loosen 
ing  caked  materials  from  the  sides  of  the  weighing  bottle.  Th 
jarring  effect  can  be  regulated  from  zero  to  maximum  by  a  thumb 
screw  adjustment. 

Performance.  By  use  of  the  mixing  device  described  above 
highly  satisfactory  mixing  of  samples  is  obtained  for  the  larg 
majority  of  samples  encountered.  A  number  of  tests  hav 
shown,  however,  that  incomplete  mixing  may  occur  for  certai 
types  of  samples,  especially  those  which  tend  to  form  lumps 
Satisfactory  mixing  can  be  achieved  in  these  cases  by  stoppin 
the  machine  once  or  twice  during  the  mixing  operation  to  brea 
up  the  lumps  with  a  glass  rod. 

Both  the  sample  mixer  and  the  sample  pulverizer  have  bee 
in  use  for  more  than  three  years  preparing  various  types  of  ir 
organic  material  for  analysis.  During  this  period,  performanc 
has  been  entirely  satisfactory  and  much  time  has  been  saved  i 
the  preparation  of  samples. 
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Device  for  Feeding  Liquids  at  Specified  Rates 
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CLIFFORD  HACH,  G.  Frederick  Smith  Chemical  Company,  Columbus,  Ohio 


THE  problem  of  feeding  two  liquids  into  a  reaction  vessel 
continuously  in  specified  amounts  may  be  solved  by  the 
apparatus  shown  in  Figure  1. 

Liquids  of  densities  dx  and  d2  which  must  be  delivered  in  vol- 
lmes  Vi  and  Vi  are  contained  in  chambers  1  and  2,  respectively. 
The  pressure  above  the  liquids,  P i,  is  sufficiently  below  atmos- 
aheric  pressure,  P,  in  the  mixing  chamber  so  that  the  liquids  flow 
mly  when  stopcocks  3  and  4  are  opened  and  if  air  is  bled  into  the 
ipparatus  through  capillary  tube  5  and  bubbler  6.  The  relation 
jetween  P,  and  P  when  stopcocks  3  and  4  are  open  and  no  liquids 
ire  flowing  is 

Pi  +  dihi  =  P 
Pi  +  d2h2  =  P 

I 

[Since  the  pressure  is  the  same  above  and  below  each  liquid — 
;hat  is,  Pi  and  P,  respectively — it  follows  that 

dihi  =  dihi 

Thus,  the  heights  of  the  two  liquids  are  inversely  proportional 
,o  their  densities.  When  air  is  admitted  through  the  bubbler,  Pi 
iecreases  and  this  is  offset  by  a  flow  of  both  liquids  from  the 
:hambers.  The  rate  at  which  the  height  of  each  liquid  falls  is  in¬ 
versely  proportional  to  the  densities  of  the  liquids.  Obviously 
;he  lighter  liquid  must  be  placed  in  the  taller  chamber,  as  its 
Height  will  fall  faster.  The  volume  of  liquid  delivered  depends  on 
,he  cross-sectional  area  of  the  chamber;  the  radius  of  the  cham- 
jers  may  be  computed  by  the  relations 

tt-n’V  =  Vi 
TrtShi'  =  V2 


and  hi'  =  h2' 


di 


In  designing  the  apparatus,  the  dead  spaces  indicated  by  hi  and 
ht'  cannot  be  used,  but  the  apparatus  should  he  constructed  so  that 

hi'  =  hi'  A  convenient  size  is  chosen  for  n  and  hi',  and  r2 
di 

and  hi’  are  then  computed. 

For  illustration,  consider  the  vapor-phase  bromination  of  pyri¬ 
dine  ( 1 ): 

C5H5N  +  2Br  =  C6H4NBr  +  HBr 


The  molecular  weights  of  the  pyridine  and  bromine  are  79  and 
2(80),  the  densities  1  and  3,  and  the  volumes  79  and  53,  respec¬ 
tively. 

As  it  is  necessary  to  have  an  excess  of  bromine  the  volumes 
selected  are  80  ml.  of  pyridine  and  65  ml.  of  bromine,  which  must 
be  added  slowly  but  in  these  proportions,  the  reaction  taking 
place  in  the  hot  tube  attached  at  7.  If  it  is  desired  to  run  a  6- 
mole  batch,  the  volumes  involved  are  480  ml.  of  pyridine,  Vi, 
and  390  ml.  of  bromine,  Vi.  A  convenient  radius  for  the  pyridine 
chamber  might  be  2.4  cm.;  and  using 

tt  rjhi'  =  Vt 

(3.14)  (2.5  )2V  =  480 

it  is  found  that  h-i  =  23.7  cm.  hi  is  then  found  from 


and  ri  is  calculated  by 


■xrShi'  =  Vi 
(3.14)  (n2)7.9  =  390 

ri  =  4.0  cm. 


In  practice  the  exact  sizes  of  glass  tubing  for  the  chambers  will 
not  be  available,  but  the  chambers  can  be  made  approximately 
and  the  cross-sectional  area  of  one  or  both  adjusted  by  inserting 
glass  rods.  In  the  case  of  a  dense  material  like  bromine,  glass 
rods  will  float,  but  a  suitable  rod  can  easily  be  made  from  glass 
tubing  filled  with  wire  solder  or  mercury  and  sealed. 


The  number  of  these  rods  required  can  be  determined  best  by 
filling  the  chambers  to  heights  hi  and  h2  with  water.  Volume 
Vi  of  water  is  then  added  to  chamber  1  and  V2  to  chamber  2. 
Height  h-2"  is  measured,  hi'  calculated  by 


and  the  level  of  liquid  2  adjusted  to  the  calculated  height  by 
adding  glass  rods. 

To  set  the  apparatus  in  operation  volumes  Vi  and  V2  are  placed 
in  their  respective  chambers,  and  the  pressure  above  the  liquids 
is  decreased  by  applying  suction  at  10.  With  stopcock  8  closed 
and  screw  clamp  9  closed,  stopcock  3  or  4  is  cautiously  opened  and 
air  allowed  to  bubble  up  through  the  liquid  until  it  stops  and 
liquid  begins  to  drip  out.  Both  stopcocks,  3  and  4,  are  then 
opened.  An  initial  flow  of  one  liquid  will  probably  occur,  auto¬ 
matically  adjusting  heights  hi  and  h2,  so  that 

hidi  —  h2d2 

after  which  the  flow  stops.  Air  is  then  admitted  by  opening 
screw  clamp  9,  which  permits  liquids  in  chambers  1  and  2  to  flow. 
The  bubbles  of  air  passing  are  a  convenient  indicator  for  adjust¬ 
ing  the  rate  of  flow  of  the  liquids. 

The  reaction  vessel  to  which  the  apparatus  is  attached  should 
be  arranged  so  that  pressure  P  remains  constant.  In  the  case 
of  the  bromination  of  pyridine,  where  the  vapors  pass  over 
pumice  in  a  tube,  the  accumulation  of  liquid  on  the  pumice  may 
cause  the  pressure  to  change  slightly,  disrupting  the  flow  of  the 
liquids  from  the  chambers.  In  such  a  case  a  stopcock  such  as  1 1 
placed  on  the  mixing  chamber  can  be  left  open  to  the  atmosphere. 
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Alternating  Current- Operated  Thermionic  Titrimeter 
with  Adjustable  Range  and  Sensitivity 

EDMUND  M.  BURAS,  JR.,  and  J.  DAVID  REID 
Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


A  stable,  alternating  current-operated,  continuous  reading,  in¬ 
expensive  vacuum  tube  voltmeter  is  described.  It  is  simple  in 
construction  and  operation.  Its  use  as  a  titrimeter,  a  pH  meter,  and 
a  direct  current  voltmeter  is  detailed.  In  the  latter  application  it 
serves  as  a  continuous  reading  potentiometer.  It  has  a  range  oF 
approximately  10  volts  and  a  sensitivity  oF  ±0.0001  volt.  A 
calibration  switch  provides  standard  reference  points  for  pH  measure¬ 
ments.  Independence  of  range  and  sensitivity  controls  make  it 
versatile  in  electrochemical  measurements  with  all  the  usual  electrode 
systems,  including  the  glass  electrode. 

THE  analysis  of  complex  mixtures  of  fireproofing  agents 
for  use  on  cotton  cloth  required  the  use  of  a  sensitive  electron 
tube  titrimeter.  An  examination  of  the  instruments  commer¬ 
cially  available  and  a  review  of  those  described  in  the  literature 
showed  that  in  general  sensitivity  and  stability  either  had  been 
sacrificed  for  the  sake  of  simplicity  or  had  been  attained  by  the 
use  of  a  complex  and  expensive  circuit.  With  the  objectives  of 
continuous  indication,  line  operation,  stability,  simplicity,  low 
cost,  and  continuously  adjustable  but  independent  range  and 
sensitivity  control  in  mind,  the  instrument  described  below  was 
developed.  All  parts  were  easily  obtained  except  for  the  micro¬ 
ammeter.  However,  a  suitable  meter  is  generally  available  at 
most  colleges  and  research  institutions.  With  a  60-microampere 
meter  of  low  internal  resistance  the  full-scale  sensitivity  majr  be 
varied  from  59  to  10,000  millivolts,  or,  if  employed  as  a  pH  meter, 
the  scale  either  may  be  set  to  read  over  a  pH  range  of,  say,  —  1 
to  15,  or  may  be  selectively  set  at  any  point  over  the  range  with 
full-scale  sensitivity  as  great  as  one  pH  unit.  That  the  titrim¬ 
eter  is  line-operated  is  advantageous  in  that  it  eliminates  the 
bother  and  delay  of  replacing  batteries.  Power  consumption  is 
only  30  watts.  The  cost  of  the  materials  used,  exclusive  of  meter 
and  electrodes,  is  approximately  $30. 

Goode  (14)  introduced  the  electron  tube  titrimeter  in  1922. 
The  subject  of  potentiometric  titration  up  to  1930  has  been  re¬ 
viewed  in  some  detail  by  Furman  (9).  Naturally,  the  develop¬ 
ment  of  the  titrimeter  has  followed  progress  in  electronics  (1-5, 
7-12,  14-18,  21-25,  27,  81-84,  86-88,  40),  but  in  general  volt¬ 
meters  having  high  enough  input  resistance,  sensitivity,  and 
stability  to  be  used  with  glass  electrodes  are  complex  instruments 
with  intricate  controls.  An  exception  to  these  complex  circuits 
is  that  devised  by  Garman  and  Droz  (11),  which  has  only  two 
controls.  It  is,  however,  battery-operated  and  has  a  sensitivity 
approximately  one  third  of  that  attained  by  the  present  device, 
using  a  comparable  meter.  Furthermore,  it  is  limited  in  range. 
The  Garman  and  Droz  apparatus  is  sold  as  the  Leitz  G  and  D 
Electro titrator  (21)  with,  however,  the  additional  complication 
of  a  third  interlocked  control  and  other  modifications. 

The  basic  cathode  follower  circuit  used  here  was  proposed  by 
Schmitt  (80)  in  1938,  and  should  not  be  confused  with  the 
dummy  tube  balanced  bridge  circuit  patented  by  Wold  (39)  in 
1916.  The  present  circuit  eliminates  the  need  for  tubes  of  iden¬ 
tical  plate  resistance  and  amplification  factor  (mu-balance) 
(10,  85).  In  addition  to  simplicity  this  circuit  offers  other  ad¬ 
vantages:  (1)  It  effectively  cancels  the  deviation  from  linearity 
of  the  curve  relating  anode  current  to  grid  voltage,  which  was 
found  by  McFarlane  (22)  to  be  as  high  as  1.5%.  (2)  The  so- 

called  “following”  action  of  the  cathode  increases  the  input  re¬ 
sistance  of  the  instrument.  Any  potential  applied  to  the  control 
grid  which  would  cause  it  to  deviate  from  the  free  grid  potential 
is  reduced  without  decreasing  sensitivity.  This  effect  is  dis¬ 
cussed  by  Richter  (28)  and  Rider  (29).  (3)  It  allows  a  method 
of  range  control  covering  a  greater  range  than  hitherto  possible 
without  complication  of  the  electrical  circuit  and  the  method  of 
adjustment.  Further,  this  control  has  no  effect  on  the  sensi¬ 


tivity  of  the  instrument.  (4)  It  is  stable  to  both  gradual  and 
quick  changes  of  line  voltage,  as  noted  by  Goldberg  (13). 

To  obtain  even  greater  stability  than  is  afforded  by  the  cathode 
follower  circuit,  the  authors  employ  an  alternating  current 
stabilizing  unit,  introduced  by  Lampkin  (20)  to  regulate  the 
input  of  the  power  transformer.  This  is  supplemented  by  con¬ 
ventional  gas  tube  stabilization  of  the  direct  current  supply  volt¬ 
ages.  Thus,  not  only  the  plate  and  bias  voltages,  but  also  the 
heater  supply  is  regulated. 

CIRCUIT  AND  ELECTRICAL  CHARACTERISTICS 

The  apparatus  is  pictured  in  Figures  1  and  2.  The  electrical 
circuit,  Figure  3,  is  drawn  so  that  the  titrimeter  may  be  con¬ 
sidered  in  three  sections,  A,  B,  and  C. 

Section  A  is  the  voltage-regulating  circuit  which  stabilizes 
the  voltage  to  the  primary  of  the  transformer  that  supplies  power 
to  the  whole  instrument.  The  proper  operation  of  this  section 
depends  upon  the  adjustment  of  resistor  Rs,  which  should  be  at 
the  maximum  resistance  w'hich  allowrs  both  of  the  type  874  tubes 
to  operate  with  their  familiar  violet  glow  at  the  lowest  excursions 
of  the  line  voltage.  For  a  115-volt  line  this  will  be  about  100 
ohms.  At  this  setting  they  function  properly  over  a  range  of 
input  voltage  of  approximately  15  volts,  say  from  110  to  125 
volts.  The  adjustment  of  f?9  can  be  made  most  conveniently 
while  the  instrument  (with  all  tubes  in  their  sockets)  is  plugged 


Figure  1.  Titration  Assembly 


Figure  2.  Chassis  Layout  of  Titrimeter 
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nto  a  variable-voltage  transformer  which  is  set  for  about  5  volts 
jelow  normal  line  voltage.  The  action  of  the  glow  tubes  reduces 
;;he  voltage  to  the  primary  of  the  transformer  to  about  90  volts 
■oot  mean  square.  Therefore,  to  provide  the  proper  voltage  for 
;he  7A6  heater,  the  normal  6.3-volt  winding  of  the  transformer, 
vhich  is  now  providing  only  4.7  volts,  must  be  augmented  by  an 
Additional  1.8  volts  from  a  2.5-volt  tap  of  another  secondary 
rinding,  as  shown  in  the  circuit  diagram.  This  is  not  done  for 
he,6F8-G  heater  because  4.7  volts  are  sufficient  for  this  applica¬ 
tion  and  the  resulting  low  cathode  temperature  minimizes  grid 
•urrent  due  to  thermionic  emission  and  photoelectric  effects.  Of 
purse,  the  voltage  stabilizer  may  be  used  as  a  separate  unit  if 
Drovision  is  made  to  disconnect  the  transformer  of  the  titrimeter. 


Figure  3.  Circuit  Diagram  of  Buras-Reid  Titrimeter 

CM.  Capacitors,  16-mfd.,  450  volts,  Cornell  Dunilier  BR-1645 

Fi.  Fuse,  0.5  aaapere,  LittleFuse  3AG 

Pi.  Pilot  lamp,  1 25  volts,  6  watts,  G.E.  S-6 

R\,ij,t/t.  Resistors,  25,000  ohms,  5  watts,  Sprague  Koohlohm  5K 

Rt.  Potentiometer,  10,000  ohms.  General  Radio  Type  31 4- A 

R 7.  Potentiometer,  5000  ohms.  General  Radio  Type  31 4- A 

Rt.  Resistor,  approximately  equal  to  meter  resistance,  Yi  watt.  IRC  BW-'/s 

Rt.  Resistor,  200  ohms,  25  watts,  adjustable,  Ohmite  Dlvidohm 

R i«.  Potentiometer,  10,000  ohms,  2  watts,  Mallory  A10MP 

R u.  Resistor,  600  ohms,  0.5  watt,  IRC  BW-'/s 

Ru.  Resistor,  10,000  ohms,  1  watt,  IRC  BT-1 

Ru-u.  Resistors,  25  ohms,  0.5  watt,  IRC  BW-'/i 

Stei.  Switch,  double-pole  three-position.  Federal  1424  (with  springs  adjusted 
to  give  proper  action) 

Swt.  Switch,  12-position,  meter  insertion  type,  Mallory  1400L 
TR.  Power  transformer,  secondaries:  5-volt  c.t.,  6.3-volt  c.t.,  420-volt  c.t., 
Stancor  P-6289 

Xi,t.  Input  jacks.  General  Radio  Type,  1  38-UL 
Xt^.  Output  lacks,  ICA  528 

Radio  tubes,  2  type  874,  1  type  7A6,  1  type  OD3,  1  type  6F8-G 
ADDITIONAL  PARTS 

2  tube  sockets,  standard  4-prong  base 
2  tube  sockets,  octal  base 
1  tube  socket,  loktal  base 

1  dial  lamp  bracket  and  jewel 

2  dial  plates,  0-100,  300°  rotation 
1  dial  plate,  12  index,  30°  spacing 
1  chassis,  6  X  13  X  1.5  inches 

1  cabinet,  metal,  7  X  14  X  7.5  inches 
1  fuse  mount,  3  AG 

The  above-named  brands  were  used,  but  any  others  of  equal  quality  and  similar 
physical  dimensions  would  be  satisfactory. 


The  load  should  be  less  than  15  watts  and  resistor  Rt  must  be 
suitably  adjusted  as  just  described.  In  a  typical  application, 
a  5-volt  variation  in  line  voltage  causes  a  0.06-volt  change 
across  a  5-watt  capacitative  load.  On  the  other  hand  it  may 
be  desirable  to  use  the  stabilized  power  supply  of  sections  A 
and  B  together  to  replace  the  battery  supplies  of  other  electrical 
devices. 

Section  B  consists  of  the  twin  diode  7A6  operating  as  a  full 
wave  rectifier  with  its  associated  filter  C\,  Ru,  C%,  voltage-regulat¬ 
ing  tube  OD3,  and  voltage  divider  for  the  various  supply  and 
control  voltages.  The  condensers  must  have  their  terminals 
insulated  from  the  chassis.  Potentiometer  Ri0,  the  “zeroing 
control”,  provides  the  necessary  operating  potential  for  one  grid 
of  the  6F8-G  tube  and  should  be  adjusted  so  that  the  indicating 
meter  is  at  zero  when  the  input  terminals  are  “open  circuited” — - 
that  is,  when  no  connection  is  made  to  the  input  terminals. 
When  this  condition  is  attained,  the  input  circuit  is  at  the  free 
grid  potential  when  the  meter  indicates  zero,  no  matter  what 
voltage  is  applied  to  the  input  terminals.  Potentiometer  Re, 
the  range  control,  provides  a  continuously  adjustable  bucking 
potential  which  is  used  for  balancing  out  the  initial  cell  potential 
in  potentiometric  titration,  and  wherever  only  relative  values  of 
voltage  changes  are  desired.  The  range  covered  by  this  control 
is  approximately  1  volt,  being  governed  by  the  shunting  resistor, 
Ru.  The  range  may  be  decreased  or  increased  by  using  a  lesser 
or  greater  resistance  for  Rn.  The  adjustment  of  the  ratio  Ri 
to  R2  is  critical,  as  is  discussed  below.  The  combination  of  the 
multiposition,  or  calibration,  switch  Sw2  and  resistors  Rn  through 
R»  composes  a  supplemental  circuit  for  introduction  of  stepwise 
potential  shifts  into  the  input  circuit  by  removal  of  series  re¬ 
sistors  from  one  side  of  Rt  to  the  other  side  without  changing  the 
total  resistance  of  the  divider.  It  is,  in  effect,  a  second  inde¬ 
pendent  range  control,  the  steps  of  which  can  be  standardized 
in  terms  of  millivoltage  or  in  terms  of  pH  intervals  and  utilized  in 
the  calibration  of  the  instrument,  so  that  any  desired  pH  range 
may  be  set  on  the  meter  without  the  necessity  of  referring  to 
buffer  solutions  during  each  determination.  This  supplemental 
circuit  may  be  omitted  if  the  calibration  feature  is  not  desired. 

Section  C  is  a  single-stage  current  amplifier  of  the  cathode 
follower  type.  A  microammeter  is  used  to  indicate  unbalance 
of  the  triode  sections  with  a  potentiometer,  Rh  to  adjust  sensi¬ 
tivity.  This  control  is  adjustable  continuously  from  zero  to 
maximum.  A  2-pole  3-position  switch,  Swu  is  used  to  provide 
off,  stand-by,  and  meter  positions.  The  stand-by  or  neutral 
position  substitutes  a  resistor,  R%,  for  the  meter.  Thus,  pro¬ 
tection  for  the  latter  is  provided  when  changing  electrodes,  etc., 
without  upsetting  thermal  equilibrium. 


An  important  factor  in  the  measurement  of  potentials  from  high 
resistance  cells,  such  as  those  containing  a  glass  electrode,  is  the 
effective  input  resistance  of  the  measuring  instrument.  In  a 
typical  application,  100.0  millivolts  applied  to  the  input  grid 
through  a  resistance  of  100  megohms  (108  ohms)  cause  a  deflection 
of  the  meter  corresponding  to  approximately  99.8  millivolts. 
Similar  behavior  at  other  potentials  allows  the  calculation  of  an 
approximate  mean  input  resistance  of  5  X  1010  ohms  over  the 
range  of  ±0.4  volt  of  free  grid  potential.  Hence,  within  this 
range,  the  instrument  will  respond  with  an  accuracy  of  1%  of 
the  full-scale  sensitivity  with  cells  of  500  megohms  and  with  cor¬ 
respondingly  greater  or  less  error  with  cells  of  higher  or  lower  re¬ 
sistance.  It  finds  application,  therefore,  to  all  normal  glass 
electrode  circuits  (6).  If  used  at  nearly  maximum  sensitivity, 
60  millivolts  equal  to  full-scale  deflection,  a  1-millivolt  error 
would  limit  the  application  to  cells  of  800  megohms. 

On  the  other  hand,  if  the  instrument  is  calibrated  with  the  cell 
to  be  used,  by  means  of  standard  buffer  solutions,  the  error  due 
to  the  shunting  resistance  of  the  input  circuit  is  automatically 
corrected  by  an  increase  in  sensitivity  of  the  titrimeter,  and  the 
residual  error,  after  correcting  for  electrode  characteristics,  is 
due  to  nonlinearity  of  the  relationship  of  grid  current  versus  grid 
potential. 

With  input  circuits  of  low  resistance,  the  over-all  response,  up 
to  the  meter,  is  linear  within  ±0.05%. 

The  range  control  allows  any  voltage  from  —0.5  to  +0.5  volt 
(pH  —1  to  15)  to  be  set  at  zero  on  the  indicating  meter  and  the 
sensitivity  control  allows  full-scale  sensitivity  of  from  approxi¬ 
mately  59  millivolts  (1  pH  unit)  up  to  10  volts,  if  a  60-micro¬ 
ampere  meter  of  low  internal  resistance  is  used.  Any  meter 
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from  0-1  milliammeter  to  a  sensitive  galvanometer  can  be  used 
svith  corresponding  sensitivity.  Sensitivity  also  depends  on  the 
internal  resistance  of  the  associated  meter. 

Four  meters  have  been  used:  (1)  A  0-200  microampere 
Weston  meter,  Model  1,  544  ohms,  gave  a  sensitivity  of  1.1 
microampere  per  millivolt,  which  corresponded  to  full-scale 
deflection  (3.25  inches)  of  180  millivolts  (3  pH  units),  and  was 
easily  readable  to  0.2  millivolt  (0.003  pH  unit).  (2)  A  0-60 
microampere  Simpson  meter,  Model  6718A,  about  500  ohms, 
gave  approximately  the  same  sensitivity,  which  corresponded  to 
a  full-scale  deflection  (4  inches)  of  59  millivolts  (1  pH  unit),  and 
was  easily  readable  to  0.1  millivolt  (0.002  pH  unit).  (3)  A  0-50 
microampere  Triplett  meter,  Model  626,  1900  ohms,  gave  a 
sensitivity  of  0.7  microampere  per  millivolt,  which  corresponded 
to  full-scale  deflection  (5.5  inches)  of  72  millivolts  (1.2  pH  units), 
and  was  readable  to  0.3  millivolt  (0.005  pH  unit).  (4)  A  Leeds  & 
Northrup  mirror-type  galvanometer  with  sensitivity  of  0.0024 
microampere  per  millimeter  gave  full-scale  (1  meter)  deflection, 
corresponding  to  2.2  millivolts  (0.04  pH  unit). 

Even  at  this  extreme  sensitivity  there  was  greater  variation 
due  to  building  vibration,  etc.,  than  to  amplifier  instability.  When 
operated  within  the  limits  of  the  built-in  voltage  stabilizer,  it  is 
practically  free  of  error  due  to  line-voltage  variation;  ±5  volts 
in  the  line  corresponded  to  0.6  millivolt  (0.01  pH  unit)  in  the  in¬ 
put. 

In  use,  the  amplifier  should  be  well  away  from  the  titrating 
apparatus,  since  mechanical  shock  to  the  chassis  or  tubes  may 
introduce  an  error  of  the  order  of  3  millivolts  (0.05  pH  unit)  due 
to  semipermanent  changes  in  the  mechanical  configuration  of  the 
6F8-G  tube.  There  should  be  no  difficulty  if  30-inch  leads  (one 
with  grounded  shield  for  the  glass  electrode,  the  shield  being 
connected  to  the  grounded  jack  plug)  are  used  for  both  the  input 
and  meter  connections  and  if  the  chassis  is  mounted  on  rubber 
feet.  In  this  laboratory,  the  amplifier  was  placed  on  the  stone 
reagent  shelf  just  above  the  laboratory  table  and  no  trouble  was 
experienced.  In  daily  use,  the  average  error  observed  corre¬ 
sponded  to  0.25  millivolt  input  (0.004  pH  unit)  over  a  wTorking 
day;  so,  if  the  instrument  is  to  be  used  at  its  limit  of  sensitivity, 
it  should  be  left  on  continuously  and  checked  at  calibration 
points  at  least  once  each  day.  It  is  under  these  conditions  that 
its  operation  from  line  voltage  is  most  appreciated. 

Error  due  to  surface  leakage  in  the  input  circuit  can  be  mini¬ 
mized  by  a  direct  lead  to  the  grid  cap,  as  has  been  used  by  some 
authors  {87),  or,  if  a  more  convenient  type  of  connection  is  used 
as  in  the  present  instrument,  by  providing  a  well-insulated  plug 
jack.  The  glass  envelope  of  the  6F8-G  tube  should  be  coated 
with  ceresin  wax  {24)  .  The  instrument  is  preferably  constructed 
on  a  radio-type  chassis  mounted  in  a  steel  cabinet,  as  shown  in 
Figures  1  and  2.  In  any  case,  complete  shielding  is  necessary. 
The  chassis  and  cabinet  must  be  grounded,  preferably  through  the 
“ground”  of  a  three-wire  system.  (In  other  wiring  systems  with 
the  ground  wire  fused,  it  may  be  advisable  to  use  a  shielded  wire 
connected  to  the  conduit  to  avoid  voltage  difficulties  in  case  the 
fuse  blows.)  Failure  to  do  this  may  cause  irregular  behavior  of 
the  meter  due  to  body  capacitance  of  the  operator. 

STANDARDIZATION  OF  CALIBRATION  SWITCH 

Although  the  most  direct  method  of  standardizing  the  calibra¬ 
tion  switch,  Sw2,  consists  in  measurement  of  millivoltages,  for 
pH  work,  it  will  be  necessary  to  utilize  buffer  solutions  of  known 
pH  with  the  particular  glass  electrode  to  be  used.  This  is  be¬ 
cause  there  are  small  differences  due  to  liquid  junction  potentials, 
deviation  in  the  behavior  of  glass  electrodes,  etc. 

In  order  to  standardize  the  positions  of  switch  Sw2  and  allow 
its  12  positions  to  serve  as  calibration  points  over  the  range 
approximately  pH  =  1  to  12,  it  is  first  necessary  to  determine  the 
pH  of  a  solution  in  which  the  particular  glass  electrode-calomel 
cell  combination  to  be  used  produces  zero  e.m.f.  After  the  ti trim¬ 
eter  has  warmed  up  the  indication  of  the  meter  is  brought  to 
zero  by  means  of  the  zeroing  control  with  the  input  terminals 
unconnected,  and  the  sensitivity  at  maximum.  Xj  and  Xt  are 
shorted  with  a  connector  and  the  meter  is  again  adjusted  to  zero 
by  the  range  control;  the  calibration  switch  is  set  at  some  inter¬ 
mediate  position  throughout  this  determination.  The  shorting 
connector  is  now  replaced  by  connections  to  the  cell  (the  shielded 
lead  of  the  glass  electrode  goes  to  X2)  and  it  is  immersed  in  a 


buffer  solution  of  known  pH,  say,  3.  The  deflection  of  the  meter 
is  observed  (it  may  be  necessary  to  interchange  the  meter  leads, 
or  reduce  the  sensitivity,  or  both).  The  cell  is  rinsed  and  im¬ 
mersed  in  a  second  buffer  solution  of  pH,  say,  9.  The  deflection 
of  the  meter  is  again  observed  (in  nearly  every  case  the  polarity 
of  the  meter  must  be  reversed  from  that  of  the  previous  observa¬ 
tion;  if  so,  a  negative  polarity  is  assigned  to  the  second  reading). 
From  these  two  observations,  the  pH  corresponding  to  zero  e.m.f. 
of  the  cell  can  be  interpolated.  The  calculation  should  be  checked 
using  buffer  solutions  closer  to  the  determined  value,  because 
for  any  given  electrode  there  will  be  a  departure  from  linearity 
over  this  range.  The  switch  position  of  the  nearest  whole  number 
to  this  pH  is  then  chosen  as  the  “rest  position”  of  the  calibration 
switch,  and,  of  course,  it  corresponds  to  the  pH  just  determined. 
For  example,  the  determined  pH  may  be  7.3;  the  seventh  posi¬ 
tion  of  the  calibration  switch  is  then  chosen  for  the  rest  position, 
and  its  corresponding  pH  is  7.3. 

The  corresponding  pH  for  every  other  point  on  the  calibration 
switch  is  determined  as  follows:  A  shorting  connector  is  placed 
across  Xr  and  Xt.  The  switch  is  turned  to  the  position  to  be 
calibrated  and  by  means  of  the  range  control,  the  meter  is  brought 
to  zero,  full  sensitivity  being  utilized  for  the  final  adjustment. 
The  calibration  switch  is  then  returned  to  the  previously  deter¬ 
mined  rest  position  and  the  shorting  connector  is  replaced  by 
connections  to  the  cell.  Assuming  that  each  step  of  the  switch 
is  approximately  one  pH  unit,  the  cell  is  immersed  in  a  solution 
of  pH,  say,  0.5  unit  greater  than  the  value  of  the  step  being 
calibrated.  The  deflection  of  the  meter  is  observed  (it  may  be 
necessary  to  interchange  the  meter  leads,  or  reduce  the  sensi¬ 
tivity,  or  both).  The  cell  is  rinsed  and  immersed  in  a  solution 
of  pH,  say,  0.5  unit  less  than  the  value  of  the  step  being  cali¬ 
brated.  The  deflection  of  the  meter  is  again  observed  (if  the  two 
buffers  selected  have  been  on  either  side  of  the  pH  value  being 
determined,  the  polarity  of  the  meter  will  have  to  be  reversed  for 
the  second  observation).  From  these  two  observations,  the  pH 
corresponding  to  the  step  being  calibrated  can  be  interpolated. 
The  calculation  can  be  checked  using  buffer  solutions  closer  to 
the  determined  value. 

The  manner  of  utilizing  these  positions  of  the  calibration 
switch  for  calibration  of  the  meter  scale  in  terms  of  pH  is  given 
under  “Operation  as  a  pH  Meter”. 

The  steps  of  the  switch  can  be  calibrated  in  terms  of  milli- 
voltage  applied  to  the  input  terminals,  if  desirable.  In  this  case, 
a  procedure  similar  to  that  given  above,  but  using  a  potentiom¬ 
eter  for  sources  of  comparison  potentials,  can  be  followed. 

OPERATION 

Prior  to  the  utilization  of  the  instrument  in  any  of  the  follow¬ 
ing  applications,  the  titrimeter  should  be  allowed  to  warm  up  for 
approximately  30  minutes  until  thermal  equilibrium  is  attained. 
This  will  be  indicated  by  stability  of  the  free  grid  potential  as 
reflected  in  the  setting  of  the  zeroing  control,  Rio,  which  should 
be  adjusted  so  that  the  indicating  meter  is  at  zero  with  the  in¬ 
put  open-circuited,  as  directed  in  the  description  of  Section  B 
under  “Circuit  and  Electrical  Characteristics”  above. 

Operation  as  a  Titrimeter.  In  acid-base,  precipitation,  or 
oxidation-reduction  titrations,  the  cell  is  connected  to  the  elec¬ 
trode  terminals  and  the  meter  pointer  set  at  zero  or  other  con¬ 
venient  point  by  means  of  the  range  control.  The  setting  of  the 
sensitivity  control  is  dictated  by  experience.  For  the  first  run, 
maximum  sensitivity  is  ordinarily  used ;  in  subsequent  titrations, 
the  sensitivity  may  be  reduced  according  to  the  needs  of  the 
determination.  After  addition  of  the  first  few  drops  of  titrating 
solution,  the  pointer  may  swing  in  the  wrong  direction.  This  is 
remedied  by  interchanging  the  meter  leads.  If  the  sensitivity 
is  set  too  high  and  it  is  apparent  that  the  meter  pointer  will  travel 
off  the  scale,  the  titration  is  stopped  for  a  moment  and,  with  no 
change  in  sensitivity,  the  pointer  is  set  back  to  zero  by  means  of 
the  range  control.  The  titration  may  then  proceed,  making  the 
appropriate  scale  addition  each  time.  This  technique  is  par¬ 
ticularly  useful  when  high  sensitivity  is  desired  over  a  consider¬ 
able  range,  such  as  in  the  titration  of  polybasic  acids,  or  when 
error  due  to  grid  current  must  be  kept  to  a  minimum.  Another 
useful  procedure  is  to  set  the  meter  at  its  highest  reading,  titrate 
to  zero,  interchange  the  meter  leads,  and  continue,  changing  the 
sign  of  the  reading. 

Typical  potentiometric  curves  and  their  corresponding  incre¬ 
ment  graphs  are  shown  in  Figure  4.  A  represents  a  simple  acid- 
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jase  titration  using  a  glass-calomel  cell  and  shows  the  relative 
change  obtained  with  a  simple  dibasic  acid,  oxalic.  B  shows  the 
precipitation  curve  obtained  with  a  platinum-calomel  cell  by 
precipitating  lead  with  potassium  chromate.  The  results 
ihecked  within  0.1%  of  those  obtained  gravimetrically.  C 
nbs  obtained  by  titrating  acidified  iodine  with  sodium  thio- 
mlfate  using  a  platinum-tungsten  cell.  Slight  changes  in  acidity 
jr  other  conditions  gave  strikingly  different  curves  but  the  large 
potential  change  always  corresponded  with  the  visual  end  point. 
The  metal  electrodes  were  cleaned  before  each  titration  with  pure 
1%  hydrogen  peroxide  made  alkaline  with  ammonium  hydroxide. 


means  of  the  range  control,  final  adjustment  being  made  with 
sensitivity  at  maximum.  The  range  control  is  left  in  this  posi¬ 
tion,  the  sensitivity  reduced  to  zero,  and  switch  Sw ,  placed  in 
the  neutral  position.  The  calibration  switch  is  rotated  to  the 
osition  corresponding  to  the  other  pH  to  be  used  in  calibration, 
witch  Sw i  is  moved  to  the  meter  position  and  the  sensitivity 
is  increased  until  the  desired  indication  is  obtained.  (It  may 
be  necessary  to  interchange  the  meter  leads.)  With  switch  Sw, 
back  in  the  neutral  position,  the  calibration  switch  is  returned 
to  its  rest  position.  All  pH  values  within  the  range  over  which 
the  meter  has  been  set  can  now  be  read  off  of  the  meter  when  the 
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Figure  4.  Typical  Curves  Obtained  with  Titrimeter 


Operation  as  a  pH  Meter.  Since  the  titrimeter  functions 
vith  a  high  input  resistance  it  can,  of  course,  serve  to  measure 
>H  with  the  glass  electrode.  The  selective  sensitivity  makes  it 
>articularly  suitable  for  small  increments  of  pH,  since  a  sen- 
itivity  of  as  little  as  one  pH  unit  over  the  whole  scale  may  be  ch¬ 
ained.  Out  of  four  glass  electrodes  tried,  there  was  a  reproducible 
leviation  from  linearity  in  one  amounting  to  =*=0.5  pH  unit  on 
iart  of  the  scale,  while  the  others  had  a  full-scale  random  varia- 
ion  of  only  ±0.05  pH  unit.  It  appears  that  any  particular  glass 
dectrode  should  be  checked  and,  if  necessary,  a  correction  curve 
slotted. 

Setting  the  meter  is  simple.  If  buffer  solutions  are  to  be  used, 
he  procedure  is  as  follows:  It  is  desired  to  set  the  zero  of  the 
neter  at  pH  4.0  and  to  set  another  point  on  the  scale  at  pH  7.0. 
The  glass  electrode  and  calomel  half-cell,  with  the  leads  con- 
lected  to  X,  (insulated)  and  X,  (grounded),  respectively,  are 
jlaced  in  a  buffer  solution  of  pH  4.0.  For  this  determination,  the 
calibration  switch  remains  in  the  rest  position.  The  sensitivity 
control  is  advanced  to  full  sensitivity,  keeping  the  meter  pointer 
it  zero  with  the  range  control;  the  latter  is  left  in  this  position. 
With  the  sensitivity  control  turned  back  to  zero  and  switch 
3u>i  in  the  neutral  position,  the  electrodes  are  washed  and  placed 
n  a  buffer  solution  of  pH  7.0.  The  switch  is  returned  to  “meter” 
josition  and  the  sensitivity  control  is  turned  up  again  until  the 
Jointer  of  the  meter  is  at  the  desired  point  on  the  scale.  (If  the 
jointer  swings  in  the  wrong  direction,  the  meter  leads  should  be 
nterchanged.)  All  pH  values  within  the  range  of  the  meter  are 
Ten  determined  by  linear  interpolation.  It  is  advantageous  to 
set  the  meter  so  that  pH  may  be  read  without  involved  calcula¬ 
tion. 

If  the  calibration  switch  is  to  be  used  for  setting  the  meter,  the 
Jrocedure  is  slightly  different.  The  calibration  switch  is  rotated 

the  position  corresponding  to  the  pH  which  is  to  be  set  at  zero 
jn  the  meter  and  a  shorting  connector  is  connected  across  the 
nput  terminals.  The  meter  indication  is  brought  to  zero  by 


shorting  connector  across  the  input  terminals  is  replaced  by  the 
glass  electrode-calomel  cell. 

However,  it  is  not  always  desirable  to  set  at  zpto  one  of  the  pH 
values  available  (either  from  buffer  solutions  or  the  calibration 
switch).  This  method  of  setting  requires  some  calculation,  but 
is  not  unduly  complicated.  For  example,  pH  values  of  4.2  and 
7.2  are  available  and  it  is  desired  to  set  the  pH  of  4.2  at  “42”  on 
the  scale  and  that  of  7.2  at  “72”.  The  meter  is  set  at  42  while 
the  electrodes  are  in  the  solution  of  pH  4.2  (or  while  the  input 
terminals  are  shorted  and  the  calibration  switch  is  in  the  appro¬ 
priate  position),  the  adjustment  being  made  with  both  sensitivity 
and  range  controls,  as  necessary.  Only  experience  can  give  the 
approximate  settings  and,  once  obtained,  it  is  well  to  note  these 
for  future  reference.  With  Sw,  switched  to  neutral,  the  electrodes 
are  rinsed  and  placed  in  the  second  solution  (or  the  calibration 
switch  is  rotated  to  the  other  position).  With  Sw,  back  to  meter 
position  again  a  reading  is  taken.  For  example,  the  pH  of  7.2 
is  at  92  on  the  scale.  It  is  now  necessary  to  reduce  the  “spread” 
or  sensitivity  from  50  scale  divisions  to  30  by  means  of  the  sensi¬ 
tivity  control  and  return  the  pointer  to  its  proper  place  on  the 
scale  by  means  of  the  range  control.  This  may  be  calculated 
as  follows: 


where  S 
A 
B 
C 


new  setting 
lower  scale  value 
desired  higher  scale  value 
observed  higher  scale  value 


or  in  the  above  example:  - —  X  92  =  55.2.  This  means 

92  —  42 

that  the  pointer  is  moved  from  92  to  55.2  by  means  of  the  sensi¬ 
tivity  control.  The  range  is  now  returned  to  its  proper  place 
by  adjusting  the  range  control  so  that  the  meter  reads  72.  The 
operation  can  be  checked  by  referring  back  to  the  lower  pH 
solution,  or  returning  the  calibration  switch  to  its  initial  position. 
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A  little  experience  is  necessary  to  obtain  approximately  correct 
preliminary  settings,  since  it  is  impossible  to  make  calculations 
if  the  meter  pointer  goes  off  the  scale  with  the  second  solution. 
It  is  desirable  always  to  set  the  lower  point  on  the  scale  first. 
Since  range  and  sensitivity  controls  are  independent,  it  is  pos¬ 
sible  to  shift  from  one  pH  range  to  another  with  no  change  in  the 
full-scale  interval — for  example,  if  the  instrument  is  adjusted 
to  read  from  pH  0  to  7,  then  with  the  electrodes  immersed  in  the 
solution  of  the  latter  pH,  this  value  can  be  shifted  back  to  zero  by 
means  of  the  range  control  and  the  meter  then  covers  the  range 
of  pH  7  to  14.  After  calibrations  involving  the  calibration  con¬ 
trol  one  should  always  return  it  to  the  rest  position  before  any 
determinations  are  made. 

Operation  as  a  Direct  Current  Voltmeter.  Use  of  the 
instrument  as  a  voltmeter  is  much  like  its  use  as  a  pH  meter,  ex¬ 
cept  that  usually  one  desires  to  have  zero  volts  at  one  end  of  the 
scale.  This  is  easily  done  by  shorting  the  input  terminals  and 
adjusting  the  meter  to  indicate  zero  with  the  range  control,  final 
adjustment  being  made  with  sensitivity  control  in  the  position 
of  maximum  sensitivity.  At  maximum  sensitivity  the  applica¬ 
tion  of  59  millivolts  causes  a  full-scale  deflection  on  a  60-micro¬ 
ampere  meter  while  180  milh volts  are  required  for  similar  de¬ 
flection  on  a  200-microampere  meter.  Thus  the  device  pos¬ 
sesses  sufficient  sensitivity  for  many  applications  which  suggest 
themselves.  The  instrument  can  be  used  as  a  null  indicator, 
being  sensitive  to  0.1  millivolt.  The  meter  should  be  adjusted 
with  the  range  control  to  indicate  “zero”  when  the  input  terminals 
are  shorted.  Sensitivity  may  be  reduced  with  the  sensitivity 
control,  if  less  than  maximum  sensitivity  is  desired.  Adjustment 
to  approximately  10  volts  for  full-scale  deflection  is  easily  ac¬ 
complished.  A  potential  divider  should  be  used  across  the  in¬ 
put  if  greater  voltages  must  be  measured.  Of  course,  if  the 
voltage  of  a  grounded  circuit  is  to  be  measured,  care  should  be 
exercised  to  connect  the  grounded  portion  of  that  circuit  to  the 
grounded  input  terminal  of  the  titrimeter.  For  all  applications 
in  which  true  rather  than  relative  voltages  are  required,  the 
scale  can  be  calibrated  at  “zero”  and  one  other  value  (or  at  any 
two  values  when  “zero”  is  off  the  scale)  and  all  other  values  in¬ 
serted  by  linear  interpolation  either  by  reference  to  external 
standard  voltages  or  through  utilization  of  the  calibration  switch 
previously  standardized  in  miflivoltages,  if  desired. 

COMMENTS  AND  SUGGESTIONS 

In  the  following  section  are  given  some  facts  which  may  prove 
helpful  in  the  building  and  operation  of  the  instrument. 

There  is  some  variation  among  type  874  gas  tubes.  If  the 
instrument  is  plugged  into  a  variable  voltage  transformer  and 
the  voltage  changed,  differences  between  tubes  may  be  observed 
by  noting  the  voltages  at  which  they  fire.  The  difference  be¬ 
tween  firing  voltages  is  subtracted  directly  from  the  effective  range 
of  the  stabilizing  unit,  which  is  approximately  15  volts.  During 
the  development  of  the  titrimeter,  a  115-volt  constant  voltage 
transformer  was  used  with  satisfactory  results.  One  could  be 
substituted  for  the  gas  tube  stabilizer  (Figure  3,  A)  with,  how¬ 
ever,  appropriate  circuit  changes  to  supply  the  proper  filament 
voltages. 

Instead  of  the  7A6  rectifier,  a  type  6ZY5-G  tube  can  be  used  if 
resistor  Rt  is  adjusted  to  provide  for  the  increased  filament  load 
and  the  proper  tube  socket  is  provided. 

There  is  a  difference  in  sensitivity  between  different  6F8-G 
tubes,  a  10%  variation  being  found  in  three  tubes  tested.  There 
is  also  a  tendency  for  this  tube  to  respond  to  mechanical  dis¬ 
turbances.  If  this  should  prove  to  be  a  serious  handicap,  two 
type  38  special  nonmicrophonic  tubes  (which  are  connected  as 
single  triodes)  could  be  substituted  in  the  same  circuit  for  the  one 
double-section  type  6F8-G  tube  which,  unfortunately,  is  not  made 
in  a  nonmicrophonic  type  {26). 

In  order  that  the  range  and  zero  controls  may  operate  near 


their  centers  of  adjustment,  the  required  ratio  of  Ri  to  Rt  should 
be  determined  as  follows: 

Permanently  connect  a  25,000-ohm  (nominal)  unit  for  resistor 
Rs.  For  Ru  lead  two  temporary  connectors  out  of  the  instrument 
to  a  25,000-ohm  (nominal)  resistor  in  series  with  a  9999-ohm 
decade  resistance  box.  Also,  temporarily  ground  both  ends  of 
Rio  to  the  chassis.  Short  the  input  terminals,  Xi  and  Xz.  Con¬ 
nect  the  meter  as  usual  and  observe  a  certain  deflection  of  the 
meter  which  is  practically  independent  of  the  resistance  of  the 
box  in  the  circuit  of  Ri.  (Interchange  the  meter  leads  or  reduce 
sensitivity,  or  both,  as  necessary.)  Note  the  sensitivity  control 
setting,  reduce  it  to  zero,  remove  the  shorting  connector  from  the 
input  terminals,  and  restore  sensitivity  to  its  original  value  while 
the  resistance  of  the  box  is  varied  to  keep  the  meter  at  the  origi¬ 
nally  observed  deflection.  Adjustment  of  the  box  should  be  con¬ 
tinued  until  the  indication  of  the  meter  is  the  same,  whether  the 
input  terminals  are  shorted  or  open-circuited,  a  final  check  being 
postponed  until  the  instrument  has  been  operating  for  at  least 
2  hours.  The  temporary  Ri  and  the  resistance  box  should  be 
replaced  with  a  single  unit  of  resistance  equal  to  the  sum  of  the 
two  (within  250  ohms  or  so).  Finally,  remove  the  temporary 
connections  to  .Rio.  It  will  be  found  that  the  meter  can  be 
brought  to  zero  with  the  zeroing  control  while  the  input  terminals 
are  unconnected  and  that  when  this  is  done,  it  can  also  be  brought 
to  zero  by  means  of  the  range  control  when  the  input  terminals 
are  shorted.  In  one  model  of  the  instrument,  a  ratio  of  Ri  tc 
R2  of  1.08  was  necessary;  this  ratio  will  vary  with  different 
6F8-G  and  OD3  tubes. 

If  the  multiposition  switch  specified  for  the  calibration  switch 
is  not  obtainable,  an  equivalent  circuit  which  has  been  tried  anc 
found  to  work  almost  as  well  can  be  devised  with  an  11-  or  12- 
position  2-gang  switch  and  a  group  of  twenty  or  twenty-twc 
25-ohm  resistors.  They  are  connected  so  that  one  gang  succes¬ 
sively  eliminates  resistors  from  one  side  of  R6  while  the  other  gang 
successively  introduces  resistors  of  identical  value  (tolerance,  2%) 
on  the  other  side  of  R6. 

It  is  possible  to  build  the  titrimeter  more  cheaply,  but  this  if 
not  recommended.  Carbon  resistors  can  be  used,  but  wire- 
wound  resistors  are  specified  because  they  are  inherently  more 
stable.  Inexpensive  volume-control  potentiometers  were  usee 
in  the  first  model  for  R6  and  R7  and  were  fairly  satisfactory.  A 
cheap  2-pole,  3-position  switch  for  Swi  should  not  be  used,  since 
leakage  may  develop.  It  would  be  better  to  eliminate  the  3 
position  switch  entirely  by  using  a  line-switch  in  conjunction  witl 
a  meter  switch.  In  this  case  the  resistor,  Rt,  could  not  be  used 
The  circuit  has  been  designed  so  as  to  avoid  the  disadvantage  o 
having  a  switch  in  the  input  leads. 

The  buffer  solutions  of  Kolthoff  (19)  were  generally  employee 
as  reference  pH  solutions  because  dilution  has  little  effect  on  the 
pH  and  this  is  convenient  in  that  the  electrodes  are  usually  wet. 
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Rapid  Determination  of  Fat  in  Meat  and  Meat  Products 

R.  B.  OESTING  AND  I.  P.  KAUFMAN,  Oscar  Mayer  &  Co.,  Chicago,  III. 


THE  need  for  a  rapid  control  method  for  fat  determinations 
f  I  in  meat  food  products  has  led  to  the  development  of  a  modi- 
ed  Babcock  technique.  The  method  is  simple  and  rapid,  giving 
esults  sufficiently  accurate  for  the  control  of  manufacturing 
perations.  The  time  required  for  a  determination,  when  one 
Varing  mixer  is  used,  is  about  30  minutes. 

Apparatus.  The  apparatus  required  consists  of  a  Waring 
fixer,  Babcock  bottles  (8%,  18-gram,  calibrated  in  0.1%),  cream 
ipet,  10-ml.  graduate,  and  Babcock  centrifuge. 

Reagents.  The  reagents  are  c.p.  sulfuric  acid  (specific 
ravity  1.84),  glacial  acetic  acid,  and  household  Oakite. 

,  Procedure.  Weigh  out  25  grams  of  the  finely  ground  sample, 
nd  place  in  a  Waring  mixer.  Add  100  grams  of  cracked  ice  or 
ater  at  1  °  to  3°  C.,  and  2  grams  of  household  Oakite. 

Run  mixer  10  minutes  with  cover  in  place,  stopping  occasion- 
lly,  to  swirl  contents  and  dislodge  any  lumps  of  meat  which  may 
dhere  to  the  sides  of  the  container.  After  thorough  mixing, 
eigh  10  grams  of  the  emulsion  to  the  nearest  0.1  gram  into  a 
tabcock  bottle. 

Add  5  ml.  of  glacial  acetic  acid,  and  mix  thoroughly  in  order  to 
oagulate  the  protein.  Then  add  10  ml.  of  concentrated  sulfuric 
cid,  a  little  at  a  time,  and  swirl  until  all  lumps  are  dissolved.  At 
his  point,  add  just  enough  hot  water  to  form  a  layer  above  the 
cid  mixture.  The  fat  rises  above  the  water  layer,  and  charring 
3  reduced  to  a  minimum. 

Next,  add  5  ml.  more  of  sulfuric  acid,  and  mix.  Centrifuge 
or  5  minutes  at  approximately  1000  r.p.m.,  then  add  hot  water 
o  the  neck  of  the  Dottle,  and  centrifuge  2  minutes.  Finally,  add 
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able  I.  Comparison  of  Modified  Babcock  Method  with  Standard 
A.O.A.C.  Soxhlet  Extraction  for  Fat  in  Meat 


A.O.A.C. 

Babcock 

Sample 

Ether  Extraction 

Method 

% 

% 

Chopped  pork 

25.3 

25.6 

Chopped  ham 

27.3 

28.4 

Pork  sausage  links 

41.5 

41.4 

Wieners 

26.2 

24.9 

27.0 

26.9 

Chopped  ham 

25.9 

26.7 

25.6 

26.1 

Bulk  pork  sausage 

48.5 

48.2 

Chopped  ham 

25.6 

26.2 

Bulk  pork  sausage 

45.5 

45.5 

49.1 

47.5 

Chopped  ham 

24.6 

24.9 

27.7 

27.1 

25.3 

25.8 

Wienera 

22.1 

22.4 

22.2 

22.5 

26.0 

26.3 

22.0 

22.3 

22.1 

21  8 

Pork  sausage  links 

41.6 

41.4 

Table  II.  Reproducibility  of  Method 


Determination  No.  %  Fat 

1  26.8 

2  26.3 

3  26.2 

4  26.9 


hot  water  to  within  1  to  2  cm.  of  the  top  of  the  neck,  and  centri¬ 
fuge  1  minute. 

Immerse  the  bottle  in  water  at  70°  C.,  and  read  after  2  minutes, 
on  a  descending  fat  column.  The  column  will  begin  to  descend 
when  the  bottle  is  removed  from  the  water  bath.  The  column 
should  be  read  from  the  top  of  the  upper  meniscus  to  the  bottom 
of  the  lower  meniscus,  applying  the  calibrations  on  the  bottle  for 
this  measurement.  Multiply  directly  by  9.2,  in  order  to  convert 
to  per  cent  of  fat.  A  correction  must  be  applied  for  the  difference 
from  exactly  10.0  grams  in  the  weight  of  the  sample  used. 

Comparisons  were  made  between  the  official  A.O.A.C.  fat  ex¬ 
traction  method  ( 1 )  and  this  rapid  method.  Samples  run  in¬ 
cluded  chopped  ham,  chopped  pork,  bulk  pork  sausage,  and 
wieners  (natural  and  artificial  casings),  the  fat  content  of  which 
ranged  from  20  to  50%.  Based  on  an  average  level  of  30%  fat, 
the  new  method  showed  a  standard  deviation  of  —0.7%  with  a 
probable  error  of  ±0.5%,  when  compared  to  the  A.O.A.C. 
method. 

The  comparative  figures  are  given  in  Table  I. 

The  difference  between  the  Babcock  values  given  above,  and 
the  values  obtained  by  multiplying  the  reading  on  the  Babcock 
bottle  by  9.2,  is  caused  by  the  fact  that  where  exactly  10.0  grams 
of  sample  were  not  used,  the  fat  values  were  corrected  to  exactly 
10.0  grams. 

The  reproducibility  of  the  method  is  indicated  in  Table  II. 
Four  separate  determinations  were  made  on  the  same  sample. 
The  maximum  variation  between  determinations  in  this  range 
was  0.7%. 

This  method  gives  satisfactory  results  with  all  types  of  fresh  or 
cooked  meat  items,  with  the  exception  of  foods  of  high  cereal 
content.  The  cereal  is  not  digested  and  forms  a  layer  below  the 
fat  layer  which  interferes  with  the  determination.  In  such  a 
case,  satisfactory  results  have  been  obtained  by  immersing  the 
bottle  in  boiling  water.  The  fat  layer  usually  rises  above  the 
cereal,  and  satisfactory  readings  are  obtained. 
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Low-Lag  Toluene  Thermoregulator 

PAUL  E.  SNYDER  and  HARRY  SELTZ 
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THE  conventional  glass  mercury-toluene  thermoregulator 
suffers  because  of  the  poor  heat  conductivity  of  the  glass, 
which  gives  rise  to  an  appreciable  thermal  lag.  For  use  in  high- 
precision,  isothermal  bomb  calorimetry,  a  constancy  within 
±0.001°  C.  is  desirable,  and  for  this  purpose  a  specially  designed 
regulator  using  a  thin  copper  container  for  the  toluene  was  con¬ 
structed  and  found  satisfactory.  The  most  important  feature 
■of  this  regulator  is  the  means  of  obtaining  a  successful  glass-to- 
metal  seal  (Figure  1). 

To  one  end  of  a  3.0-cm.  length  of  2-mm.  Pyrex  capillary  tubing 
is  sealed  a  5.0-cm.  length  of  glass  tubing  10.0  mm.  in  diameter. 
This  is  the  end  in  which  the  adjustable  contact  is  eventually 
placed.  To  the  other  end  of  the  capillary  is  sealed  a  30.0-cm. 
length  of  60-mm.  diameter  tubing.  Just  below  the  end  of  the 
capillary,  about  3.0  cm.  of  the  6.0-mm.  tube  are  given  a  heavy 
coat  of  platinum  deposited  from  the  usual  platinic  chloride-oil 
of  lavender  solution  by  heating  with  a  blast  lamp.  The  plati¬ 
num  is  then  given  a  very  heavy  dense  electroplating  of  copper 
from  a  sulfate  bath.  This  completed  glass  part  is  shown  at  a, 
Figure  1 .  b  and  c  were  turned  from  hard-drawn  copper  bar  stock. 
The  walls  of  these  pieces  are  made  as  thin  as  possible  to  obtain 
some  degree  of  flexibility.  The  bore  of  b  is  made  to  fit  snugly  on 
the  copper-plated  section  of  the  glass  tube.  Then  b  and  c  are 
brazed  together  to  form  part  d.  The  double  cup  resulting  is 
slipped  over  the  copper-plated  part  of  the  glass  tube,  e,  and  the 
tube  is  connected  to  a  steam  source.  After  the  whole  has  reached 
steam  temperature,  Wood’s  metal  is  allowed  to  flow  into  the 
joint,  using  dilute  hydrochloric  acid  as  a  flux.  After  cooling, 
a  perfectly  tight  seal  between  copper  and  glass  results. 


a 


e 


Figure  1.  Details  of  Glass-to-Metal  Seal 


The  next  step  consists  in  making  the  head  and  body  of  the 
regulator  (Figure  2).  a  is  turned  from  brass  and  is  5.0  cm.  in 
diameter  and  2.2  cm.  thick.  The  hole  is  such  a  size  (1.5  cm.  in 
diameter)  that  the  bottom  of  d,  Figure  1,  is  a  snug  fit  in  it.  The 
groove  in  the  top  is  made  so  that  the  outer  cup  of  d,  Figure  1,  fits 
in  it  loosely.  For  this,  the  groove  is  22.0  mm.  in  diameter  and 
5.0  mm.  deep,  b  is  made  of  2.5-cm.  inside  diameter  hard-drawn 
copper  tubing  26.0  cm.  long  with  a  bottom  brazed  on.  c  is  a  glass 
cup,  about  5.0  cm.  long  and  2.5  cm.  in  diameter,  fitting  inside  b, 
and  cemented  in  with  pyroxylin  cement.  The  copper  wire,  d,  is 
brazed  to  the  inside  of  the  copper  tube  and  to  the  lower  end  of  it 
is  welded  a  length  of  platinum  wire  which  reaches  into  the  cup 
where,  in  the  final  assembly,  it  makes  contact  with  the  mercury. 


The  assembled  body  is  now  placed  in  the  recess  in  the  lower  side 
of  the  head  and  soldered  tight.  This  gives  the  nearly  completed  ' 
regulator  shown  in  e. 

The  final  step  is  to  install  the  glass  tube.  The  head  is  heated 
gently  until  Wood’s  metal  can  be  melted  in  the  groove,  which  it 
then  filled  almost  to  the  top.  Dilute  hydrochloric  acid  is  agak  j 
used  as  a  flux.  The  glass  tube  is  inserted  in  the  hole  in  the  heac  < 
as  far  as  it  will  go.  This  causes  the  inverted  part  of  the  double  cup 
to  seat  in  the  groove.  Immediately  the  head  is  cooled  with  a 
damp  cloth,  so  that  the  molten  Wood’s  metal  solidifies  before 
that  between  the  cup  and  the  glass  melts.  The  assembly  is  now 
complete. 

In  order  to  fill  the  regulator,  a  measured  amount  of  mercury  if 
placed  in  the  glass  cup  by  wayof  the  glass  tube.  This  amount  is 
such  that  the  lower  mercury  level  will  be  about  in  the  middle  ol 
the  cup  at  operating  temperature.  Purified  toluene  is  then  rur 
through  the  threaded  hole  at  /.  When  full,  a  screw  is  tightenec 
in  the  hole,  using  a  lead  washer  to  obtain  a  mechanical  seal 
Then  the  screw  and  washer  are  soldered  to  the  head  with  Wood’s 
metal. 

This  regulator  in  conjunction  with  a  suitable  electronic  relay  : 
circuit  will  hold  the  temperature  of  a  bath  to  within  0.001 0  C.  foi 
hours  at  a  time.  One  contact  of  the  regulator  is  grounded  to  the 
bath  fluid.  This  drawback  can  be  taken  care  of  by  using  an  iso¬ 
lation  transformer  in  the  relay  circuit. 


Geiger-Counter  X-Ray  Spectrometer 

The  first  Geiger-counter  focusing  spectrometer  to  be  developed  ha 
been  announced  by  the  North  American  Philips  Co.,  Inc.,  100  Eas 
42nd  St.,  New  York,  N.  Y.  It  provides  a  new  method  of  makinf 
quantitative  and  qualitative  analyses  of  crystalline  and  certaii 
amorphous  substances  in  the  paint,  chemical,  ceramic,  rubber,  an( 
metallurgical  fields;  under  optimum  conditions  of  resolution  accurac: 
of  ±0.03°  is  obtainable. 
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Growth  Stimulants  for  Microbiological  Biotin  Assay 

VIRGINIA  R.  WILLIAMS  AND  E.  A.  FIEGER 
Louisiana  Agricultural  Experiment  Station,  Louisiana  State  University,  Baton  Rouge,  La. 


he  microbiological  determination  of  biotin  (using  L.  case/)  has 
ieen  investigated  from  the  standpoint  of  growth  stimulants.  The 
ipoid  nature  of  such  interfering  factors  in  rice  polish  was  established 
>y  comparing  extracts  that  had  been  treated  by  filtration,  ether- 
xtraction,  enzyme  digestion,  etc.  Methods  for  obviating  the 
timulating  effect  have  been  devised.  Various  supplements  to  the 
nasal  medium  were  tested  but  none  was  found  worthy  of  recom- 
lendation.  Lecithin,  mineral  oil,  oleic  acid,  whole  rice  oil,  and 
^e  unsaponifiable  fraction  of  rice  oil  were  compared  as  to  extent 
if  stimulation  produced.  In  tubes  showing  high  acid  and  cell  pro- 
uction  in  the  presence  of  basal  medium  and  rice  oil  without  added 
>ure  biotin,  no  evidence  of  biotin  synthesis  could  be  demonstrated. 


rHE  occurrence  of  a  drift  or  anomaly  in  the  assay  of  certain 
substances  by  microbiological  procedures  involving  L.  casei 
as  been  observed  previously. 

Growth  stimulants  and  inhibitors  have  been  noted  for  the 
■nell  and  Strong  ( 17 )  riboflavin  determination  (1,  2,  7,  8,  14,  19, 
1)  as  well  as  for  two  (13,  20)  pantothenic  acid  procedures  (5,  9, 
0,  11,  12).  On  the  other  hand,  according  to  Strong  and  Car¬ 
penter  (19),  the  nicotinic  acid  assay  of  Snell  and  Wright  (18) 
mploying  L.  arabinosus  is  scarcely  affected  by  substances  pro- 
ucing  marked  drift  in  the  riboflavin  and  pantothenic  acid  assays, 
lthough  there  is  some  controversy  as  to  the  specificity  of  the 
nell  and  Wright  method  (8).  Interfering  materials  reported  in 
he  above  references  appeared  to  be  largely  lipoid  in  nature; 
owever,  bran  suspensions  and  water-soluble  constituents  have 
een  indicated  as  growth  stimulants.  Recommendations  for  the 
bviation  of  the  drift  effect  in  the  riboflavin  and  pantothenic 
:cid  assays  have  provided  for  the  removal  of  the  lipoid  material 
y  solvent  extraction  or  filtration  and  in  some  cases  specified  the 
se  of  an  enzyme  digestion.  Oleic  acid,  one  of  the  fatty  materials 
idicated  as  a  stimulant,  has  been  shown  to  influence  the  growth 
if  the  diphtheria  bacillus  also  (6). 

In  the  use  of  the  Shull,  Hutchings,  and  Peterson  (15,  16) 
licrobiological  biotin  assay  with  rice  products,  the  authors  have 
bserved  marked  anomaly  in  the  results  obtained  for  rice  of 
arious  degrees  of  milling  as  well  as  for  brown  rice,  rice  bran,  and 
ice  polish,  the  latter  exhibiting  the  effect  to  the  greatest  extent 
22).  At  the  time  it  was  felt  that  the  interfering  factors  were 
resent  in  the  water-soluble  fraction  rather  than  the  fat-soluble 
ince  analysis  of  defatted  rice  polish  continued  to  show  a  drift 
ffect.  Evidence  obtained  later  proved  this  conclusion  to  be  er- 
oneous  and  attributable  to  incomplete  extraction  of  the  rice 
molish.  The  study  of  this  effect  as  produced  by  rice  polish  was 
hen  conducted  to  determine  the  nature  of  the  stimulating  con- 
■  tituents,  methods  of  avoiding  their  influence,  and  the  effect  of 
'leveral  lipoid  materials,  some  of  which  have  proved  to  be  stim- 
latory  for  L.  casei  in  the  riboflavin  and  pantothenic  acid  assays. 

EXPERIMENTAL 

The  biotin  assays  were  carried  out  as  proposed  and  later  revised 
>y  Shull,  Hutchings,  and  Peterson  (15,  16).  The  same  lot  of 
ice  polish,  carefully  sifted  and  mixed,  was  used  throughout  the 
xperiments.  Weighed  samples  of  rice  polish  were  suspended 
n  normal  sulfuric  acid  and  autoclaved  for  30  minutes  under 
'.8  kg.  (15  pounds)  of  pressure.  Samples  of  rice  polish  hydrolyzed 
>y  this  procedure  gave  assay  values  in  excellent  agreement  with 
luplicates  hydrolyzed  in  4  N  hydrochloric  acid  for  2  hours  at 
i.8  kg.  (15  pounds)  of  pressure.  Hydrolysis  for  30  minutes  with 
lormal  acid,  hence,  was  preferred  because  of  its  time-saving  ad¬ 
vantages.  Repeated  extraction  of  the  same  sample  of  rice  polish 
md  analysis  of  the  combined  extracts  gave  biotin  values  no  higher 


than  those  secured  through  a  single  extraction.  The  biotin 
content  of  this  particular  sample  of  rice  polish  was  well  above 
average  (22). 

Location  and  Removal  of  Interfering  Substances.  The 
following  extracts  were  prepared,  in  order  that  the  interfering  or 
stimulating  substances  might  be  located  and  their  removal 
effected. 

Preparation  1,  Rice  Polish  Suspension.  A  1-gram  sample  of 
rice  polish  was  autoclaved  as  described  above  in  50  ml.  of  normal 
sulfuric  acid  and  cooled.  The  pH  was  adjusted  to  6.8,  the 
mixture  made  up  to  a  volume  of  1  liter,  and  diluted  1  to  4. 

Preparation  2,  Rice  Polish  Extract,  Filtered.  A  suspension 
was  prepared  as  in  No.  1,  filtered  after  being  made  up  to  a  volume 
of  1  liter,  and  diluted  1  to  4. 

Preparation  3,  Defatted  Rice  Polish  Suspension.  Rice  polish 
was  extracted  with  petroleum  ether  in  a  Soxhlet  extractor  for  6 
hours;  0.9  gram  of  the  extracted  polish  was  then  suspended  in 
normal  sulfuric  acid,  autoclaved,  neutralized,  and  diluted  as  in 
No.  1.  Nine-tenths  gram  of  defatted  polish  corresponded  to 
1  gram  of  ordinary  polish  in  weight  of  nonlipoid  material. 

Preparation  4,  Defatted  Rice  Polish,  Filtered.  Before  the 
final  dilution  was  made  for  No.  3,  a  quantity  of  the  suspension 
was  filtered  and  then  diluted  one  to  four. 

Preparation  5,  Rice  Polish  Suspension,  Ether-Extracted. 
Before  the  final  dilution  was  made  in  Preparation  1,  a  quantity 
of  the  suspension  was  extracted  twice  with  100-ml.  portions  of 
ethyl  ether  and  then  diluted  1  to  4. 

Preparation  6,  Defatted  Rice  Polish  Suspension,  Original  Fat 
Content  Restored.  Nine-tenths  gram  of  defatted  rice  polish 
was  extracted,  neutralized,  and  diluted  to  1  liter.  A  25-ml. 
aliquot  was  transferred  to  a  100-ml.  volumetric  flask  and  1  ml. 
of  a  solution  of  0.5  gram  of  rice  oil  in  200  ml.  of  0.95%  ethyl 
alcohol  solution  was  added.  The  volume  was  made  up  to  100 
ml.  with  distilled  water. 

Preparation  7,  Rice  Polish  Suspension,  Enzyme-Digested. 
After  acid  hydrolysis  of  the  sample,  the  pH  was  adjusted  to  4.5 
with  2.5  M  sodium  acetate  and  the  following  substances  were 
added:  1  ml.  of  taka-diastase  suspension  (20  mg.  per  ml.  in  cold 
water)  and  1  ml.  of  papain  suspension  (equal  weights  of  papain 
and  glycerol  mixed  to  a  paste  and  dispersed  in  water — 20  mg. 
papain  per  ml.  of  solution).  Benzene  (0.5  ml.)  was  added,  and 
the  solution  was  stoppered  and  incubated  for  48  hours  at  37°  C., 
then  neutralized  and  made  up  to  appropriate  volume  (4). 

The  data  obtained  from  the  use  of  these  preparations  appear 
in  Table  I  and  Figure  1,  expressed  as  apparent  biotin  content  in 
relation  to  concentration  of  extract  in  assay  tubes. 

Preparation  of  Supplemented  Basal  Media.  The  basal 
medium  was  prepared  as  described  by  Shull,  Hutchings,  and  Peter¬ 
son  (15, 16)  and  to  it  were  added  the  following  supplements  in  an 
attempt  to  secure  a  standard  growth  curve  that  would  corre¬ 
spond  to  the  growth  obtained  with  the  unmodified  rice  polish 
extracts  and  by  which  the  latter  could  be  assayed  without  pre¬ 
liminary  filtration,  etc. 

Supplement  1:  0.25  gram  of  biotin-free,  defatted  rice  polish 
per  liter  of  basal  medium.  Polish  concentration  in  the  basal 
diet  then  equaled  that  in  a  rice  polish  suspension  at  the  dilution 
used  for  assay. 


Table  I.  Apparent  Biotin  Content  of  Rice  Polish  Samples 
Corresponding  to  Different  Concentrations  of  Extract 


Rice 

Polish  Ex¬ 
tract 

Prep.  1 

Prep.  2 

Prep.  3 

Prep. 4 

Prep.  5 

Prep.  6 

Prep. : 

Ml. /tube 

0.25 

2.77 

Micrograms  of  biotin  per  gram  of  rice  polish 

1.00  0.98  0.90  1.84  2.88 

1.92 

0.50 

2.20 

0.98 

1.04 

0.96 

1.28 

2.32 

1.84 

0.75 

1.88 

0.98 

0.88 

0.96 

0.96 

1.87 

1.55 

1.00 

1.65 

1.07 

0.91 

1.00 

0.92 

1.64 

1.48 

2.00 

1.22 

0.90 

0.89 

0.96 

0.82 

1.10 

1.40 
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Table  II.  Apparent  Biotin  Content  oF  Rice  Polish  Sample  as 
Calculated  From  Supplemented  Basal  Media  Standard  Curves 


Nor- 


Rice 

Normal 

Sup- 

Sup- 

Sup- 

mal 

Sup- 

Sup- 

Polish  Ex- 

Basal 

pie- 

pie- 

pie- 

Basal 

pie- 

pie- 

tract 

(Fig.  2) 

ment  1 

ment  2 

ment  3  (Fig.  3)  ment  4 

ment  5 

Ml. /tube 

Micrograms  of  biotin  per  gram  of  rice  polish 

0.25 

2.72 

0.40 

1.92 

0.50 

2.24 

1.88 

Off  curve 

1.92 

1.92 

1.04 

1.44 

0.75 

1.87 

1.71 

Off  curve 

1.65 

1.84 

1.42 

1.42 

1.00 

1.73 

1.64 

Off  curve 

1.60 

1.65 

1.32 

1.29 

2.00 

1.32 

1.35 

0.86 

1.25 

1.58 

1.40 

1.32 

Table  III.  Effect  of  Various  Lipoid  Substances  on 
Biotin  Content 

Weight  of 

the  Apparent 

Apparent 

Weight 

Added  Biotin 

Biotin  Content 

Substance 

per  Tube 

per  Tube 
Micro- 

per  Tube 
Micro - 

Micro » 

micro - 

micro - 

grams 

grams 

grams 

Lecithin 

20 

0 

110 

20 

200 

330 

160 

0 

560 

160 

200 

910 

Mineral  oila  (Marcol) 

10 

0 

35 

10 

200 

190 

80 

0 

40 

80 

200 

310 

Oleic  acid 

20 

0 

250 

20 

200 

440 

160 

0 

1000  6 

160 

200 

1000  6 

Whole  rice  oil 

20 

0 

230 

20 

200 

395 

160 

0 

10006 

160 

200 

10006 

Unsaponifiable  rice  oil 

20c 

200 

460 

40c 

200 

600 

a  Mineral  oil  was  used  at  half  the  concentration  of  other  materials  because 
of  its  limited  solubility  in  alcohol. 

&  These  values  represent  approximations  since  the  acid  production  ex¬ 
ceeded  maximum  normal  amount.  The  only  value  that  could  be  assigned 
for  the  recovery  calculation  was  that  of  the  upper  limit  of  the  standard  curve. 

c  Calculated  from  data  on  the  percentage  of  unsaponifiable  material  in 
rice  oil. 


Supplement  2:  0.025  gram  of  rice  oil  in  0.95%  ethyl  alcohol 
per  liter  of  basal  medium.  Oil  concentration  equaled  that  in 
a  rice  polish  suspension  of  the  concentration  used  for  assay. 

Supplement  3:  100  ml.  of  biotin-free  aqueous  rice  polish  ex¬ 
tract,  prepared  like  the  yeast  filtrate  originally  specified  for  the 
basal  medium  (15),  per  liter  of  basal  medium.  Water-soluble 
substances  from  the  rice  polish  were  present  in  sixfold  concen¬ 
tration  as  compared  with  rice  polish  extract  of 
comparable  dilution. 


The  growth  curves  resulting  from  the  use  of 
these  basal  media  with  increments  of  pure  biotin 
are  shown  in  Figure  2.  The  apparent  biotin  con¬ 
tent  of  a  rice  polish  suspension  (corresponding  to 
Preparation  1)  as  read  at  several  concentrations 
from  these  curves  is  given  in  Table  II. 

Subsequent  to  obtaining  the  data  appearing  in 
Figure  2  and  Table  III  two  additional  supple¬ 
ments  were  prepared. 

Supplement  4:  0.0025  gram  of  rice  oil  in  0.95% 
ethyl  alcohol  per  liter  of  basal  medium.  Oil  con¬ 
centration  was  one  tenth  that  in  rice  polish  sus¬ 
pension  at  the  dilution  used  for  assay. 

Supplement  5:  0.016  gram  of  mineral  oil 

(Marcol)  in  0.95%  ethyl  alcohol  per  liter  of  basal 
medium. 

The  growth  curves  for  Nos.  4  and  5  are  shown 
in  Figure  3  and  the  corresponding  apparent  biotin 
content  of  a  rice  polish  suspension  (correspond¬ 
ing  to  Preparation  1)  calculated  at  several  con¬ 
centrations  from  the  curves  is  given  in  Table  II. 

Recovery  Experiments.  The  following  sub¬ 
stances  were  prepared  as  colloidal  suspensions  in 
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0.95%  ethyl  alcohol  and  added  to  tubes  containing  either  0  c 
200  micromicrograms  of  biotin:  lecithin,  mineral  oil  (Marcol, 
oleic  acid,  whole  rice  oil,  and  the  unsaponifiable  fraction  c 
rice  oil.  The  data  obtained  from  these  determinations  appea 
in  Table  III. 

DISCUSSION 

Location  and  Removal  op  Interfering  Substances.  Fron 
the  data  appearing  in  Table  I  and  plotted  in  Figure  1,  several  ob 
servations  may  be  made. 

Preparations  1,  2,  3,  and  6  show  that  the  interfering  substance 
were  located  entirely  in  the  fat-soluble  fraction  of  the  rice  polish 
Filtration  of  rice  polish  suspension  or  ether-extraction  of  rio 
polish  prior  to  aqueous  extraction  was  equally  effective  in  elimi 
nation  of  the  stimulating  effect,  as  may  be  seen  from  the  data  fo 
Preparations  2  and  3.  Digestion  of  the  autoclaved  rice  polisl 
suspension  with  taka-diastase  and  papain  gave  assay  values  ii 
better  agreement  with  each  other  at  various  dilutions  than  di< 
the  rice  polish  control,  but  all  values  so  obtained  were  too  high 
as  shown  by  the  filtered  and  ether-extracted  samples  (comparisoi 
of  Preparations  7,  2,  and  3).  Neal  and  Strong  (12)  observed  ai 
increase  in  the  pantothenic  acid  assay  of  certain  samples  afte 
enzyme  digestion  and  attributed  the  occurrence  to  the  liberatioi 
of  interfering  substances,  possibly  fat-soluble  in  nature.  Thi 
high  biotin  values  obtained  above  in  the  enzyme-digested  sample 
might  have  resulted  from  a  similar  release  of  stimulants. 

Ether-extraction  of  the  aqueous  rice  polish  suspension  (Prepa 
ration  5)  left  appreciable  quantities  of  stimulating  substance 
still  in  the  extract.  This  particular  operation  was  made  some 
what  difficult  by  the  precipitation  of  considerable  quantities  o 
gelatinous  material  and  the  formation  of  an  emulsion  when  ethe. 
was  added  to  the  water  extract.  Considerable  stimulation  i; 
shown  in  the  tubes  containing  small  quantities  of  Preparation  5 
Filtration  of  the  suspension  of  defatted  rice  polish  and  analysi: 
of  the  filtrate  showed  that  all  interfering  substances  had  beei 
removed  in  the  initial  ether-extraction  of  the  dry  polish  (Prepa 
rations  3  and  4).  Preparation  6  shows  that  the  restoration  o 
the  defatted  rice  polish  to  its  original  fat  content  by  the  additioi 
of  rice  oil  in  0.95%  ethyl  alcohol  produced  a  curve  almost  identica 
with  that  of  the  rice  polish  control,  thus  demonstrating  furthe: 
that  the  rice  oil  contained  the  interfering  materials. 

For  the  case  of  rice  polish,  then,  simple  filtration  of  the  aqueou: 
extract  satisfactorily  removed  the  interfering  materials  and  wa; 
not  improved  upon  by  ether-extraction  of  either  the  dry  polisl 
or  the  extract  itself.  These  findings  are  in  general  agreemen 
with  those  of  other  workers  (2,  12,  19). 

Effect  of  Supplementing  Basal  Medium.  Figure  2  demon 
strates  that  no  appreciable  improvement  in  the  basal  medium  wa; 


Figure  1.  Apparent  Biotin  Content  of  Rice  Polish  Samples  Corresponding  to 
Different  Concentrations  of  Extract 
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ecured  by  the  addition  of  biotin-free  rice  polish  or  defatted, 
iotin-free  rice  polish  suspension.  The  slight  increase  obtained 
y  the  addition  of  the  aqueous  extract  probably  corresponds  to 
mall  quantities  of  biotin  that  were  not  destroyed  by  the  peroxide 
reatment,  just  as  slight  deviations  from  standard  shown  by  the 
uspension-supplemented  curve  can  be  attributed  to  incomplete 
emoval  of  fatty  substances.  Values  for  rice  polish  suspensions 
Table  II)  calculated  from  the  three  curves  agreed  reasonably 
dth  each  other  for  each  separate  dilution  considered,  but  the 
rift  effect  was  still  apparent,  regardless  of  the  curve  used  as 
tandard.  The  assay  values  as  determined  at  the  2-ml.  level  were 
msatisfaetorily  high,  as  could  be  seen  by  comparison  with  a  cor¬ 
esponding  sample,  Preparation  1,  and  the  other  preparations 
a  Table  I. 

The  addition  of  rice  oil  in  0.95%  ethyl  alcohol  at  the  con- 
entration  given  in  Supplement  2  produced  a  rather  remarkable 
rowth  curve.  Near-maximum  acid  production  was  obtained 
hroughout  the  length  of  the  curve  irrespective  of  the  amounts 
■f  pure  biotin  present,  even  in  the  absence  of  added  biotin.  To 
he  authors’  knowledge  this  is  the  first  report  of  such  a  phenom- 
non.  The  production  of  high  amounts  of  acid  in  the  presence 
>f  no  added  pure  biotin  was  displayed  by  L.  casei  under  the  in- 
luence  of  lipoid  substances  other  than  rice  oil 
Table  III)  and  is  discussed  below. 

Since  lesser  amounts  of  rice  oil  than  those  in- 
luded  in  Supplement  2  stimulated  less  than  maxi- 
num  acid  production  (Table  III),  two  further 
upplements  were  prepared  as  previously  described 
.nd  the  resulting  growth  curves  appear  in  Figure 
>.  Both  the  rice  oil-supplemented  and  the  mineral 
'il-supplemented  media  gave  curves  reproducing 
he  normal  standard  curve  in  general  shape.  The 
ice  oil  supplement  showed  stimulation  at  low 
Concentrations  of  biotin,  again  even  in  the  absence 
lif  pure  biotin,  but  approached  the  normal  curve 
it  high  concentrations.  Unlike  the  curve  ob¬ 
tained  with  Supplement  2  (Figure  2)  the  “stand¬ 
ard”  curve  obtained  with  Supplement  4  revealed 
hat  acid  production  in  the  latter  case  was  influenced 
py  the  amount  of  biotin  present  as  well  as  the 
imount  of  rice  oil.  The  mineral  oil  produced  a 
omewhat  constant  amount  of  stimulation  over 
he  entire  length  of  the  curve  (Supplement  5) 

|  accept  in  the  absence  of  pure  biotin.  Its  be- 
lavior  was  similar  to  that  reported  for  lecithin 
>y  Bauemfeind  and  co-workers  (2)  in  their  study 


of  growth  stimulants  in  the  microbiological  assay 
for  riboflavin  and  pantothenic  acid.  The  use  of 
these  supplemented  media  in  the  assay  of  a 
sample  of  rice  polish  yielded  erratic  results,  as 
shown  in  Table  II.  On  the  whole  none  of  the 
supplements  used  improved  the  basal  medium  or 
aided  in  removing  the  drift  effect  in  assays  of 
sample  prepared  by  hydrolysis  alone.  Wegner, 
Kemmerer,  and  Fraps  (21)  reported  similar  find¬ 
ings  in  their  work  with  the  microbiological  ribo¬ 
flavin  assay. 

Recovery  Experiments.  The  five  substances 
tested  (lecithin,  mineral  oil,  oleic  acid,  whole  rice 
oil,  and  unsaponifiable  fraction  of  rice  oil)  all  pro¬ 
duced  stimulation  to  greater  or  lesser  extent  in 
tubes  containing  no  added  pure  biotin  as  well  as 
those  containing  200  micromicrograms  of  biotin 
(Table  III).  The  stimulation  shown  in  tubes 
containing  added  mineral  oil  was  of  questionable 
significance  with  the  exception  of  the  tube  con¬ 
taining  200  micromicrograms  of  biotin  and  80 
micrograms  of  mineral  oil.  That  mineral  oil 
does  influence  the  growth  of  L.  casei  was  illus¬ 
trated  in  Figure  3.  However,  the  amount  of  stimulation  in 
relation  to  the  weight  of  mineral  oil  added  was  small  in  com¬ 
parison  with  the  stimulation  obtained  with  a  comparable 
quantity  of  rice  oil  (Figure  2). 

The  addition  of  160  micrograms  of  oleic  acid  or  whole  rice  oil 
to  tubes  containing  either  no  added  biotin  or  200  micromicro¬ 
grams  produced  acid  exceeding  the  highest  level  of  the  standard 
curve,  but  the  apparent  biotin  content  had  to  be  reported  as  1000 
micromicrograms  per  tube,  this  value  being  the  maximum  given 
by  the  standard  curve.  Whole  rice  oil  and  oleic  acid  were  approx¬ 
imately  equal  in  stimulating  effect,  and  lecithin  was  slightly  less 
than  either.  The  stimulating  substances  in  rice  oil  were  demon¬ 
strated  to  be  present  in  the  unsaponifiable  fraction  as  well  as  the 
whole  oil.  Contrary  to  the  results  reported  by  Bauernfeind  et  al. 
(2)  for  oleic  acid  and  lecithin,  both  of  these  substances  were  shown 
to  stimulate  acid  production  in  the  presence  of  no  added  pure 
biotin.  Actually,  of  course,  the  basal  medium  cannot  be  con¬ 
sidered  to  be  entirely  biotin-free  since  the  yeast  filtrate  contains 
unremoved  traces  of  the  vitamin.  The  acid  measured  in  the  in¬ 
oculated  and  incubated  zero  tubes  of  the  standard  curve  exceeds 
the  titratable  acidity  of  a  comparable  quantity  of  basal  medium, 
although  the  inoculum  is  prepared  so  as  to  be  biotin-free.  It  is 


Figure  3.  Response  of  L.  casei  to  Supplemented  Basal  Media  in  the  Presence 

of  Biotin 


130 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  17,  No.  2 


shown,  thus,  that  some  biotin  is  present  in  the  basal  medium 
although  none  is  added  to  the  tube. 

To  discover  whether  or  not  synthesis  of  biotin  had  taken 
place  in  tubes  containing  no  added  pure  biotin  but  showing 
maximum  acid  production  under  stimulation  of  lipoid  substances 
the  following  flasks  were  prepared:  (1)  basal  medium  alone, 

(2)  basal  medium  plus  rice  oil  in  quantity  comparable  to  that 
present  in  rice  polish  extract,  and  (3)  basal  medium  plus  crystal¬ 
line  biotin  comparable  to  that  in  standard  tubes  containing  800 
micromicrograms  of  biotin.  After  inoculation  and  72  hours’ 
incubation,  the  flasks  containing  the  rice  oil  and  the  pure  biotin 
greatly  exceeded  the  blank  control  flask  in  both  acidity  and 
turbidity.  The  contents  of  all  three  flasks  were  made  4  N  with 
concentrated  sulfuric  acid  and  autoclaved  at  15  pounds’  pressure 
for  2  hours.  Vigorous  hydrolysis  was  carried  out  to  ensure  the 
liberation  of  cell  contents.  After  hydrolysis  the  pH  was  in¬ 
creased  to  6.0  by  the  addition  of  hot  barium  hydroxide  octa- 
hydrate  suspension.  The  precipitate  was  digested,  filtered,  and 
washed.  The  filtrate  and  washings  were  concentrated  by  evapo¬ 
ration,  then  made  up  to  one  fifth  of  the  original  volume.  This 
concentrate  was  assayed  at  the  2-ml.  and  5-ml.  levels.  In  the 
case  of  all  three  concentrates,  the  5-ml.  level  proved  to  be  too 
high  in  dissolved  materials  to  permit  satisfactory  growth  of  the 
organisms.  The  2-ml.  levels,  however,  showed  the  following 
sharp  differentiation  in  milliliters  of  0.1  N  sodium  hydroxide 
required  for  titration:  (1)  basal  medium  alone,  1.80  ml.  of  alkali; 
(2)  basal  medium  +  rice  oil,  1.30  ml.  of  alkali;  and  (3)  basal 
medium  +  pure  biotin,  9.10  ml.  of  alkali.  The  results  were 
checked  by  duplicate  determinations. 

It  was  concluded  that  no  synthesis  of  biotin  had  taken  place 
in  the  various  tubes  and  flasks  showing  maximum  acid  produc¬ 
tion  in  the  presence  of  rice  oil  and  no  added  pure  biotin.  It  is 
possible  that  the  bacteria  had  somehow  adapted  themselves  to 
an  environment  either  biotin-free  or  containing  ordinarily  in¬ 
sufficient  quantities  of  biotin.  Work  is  being  continued  on  this 
phase  of  the  problem. 

SUMMARY 

Growth  stimulants  in  the  microbiological  biotin  assay  have 
been  investigated  and  methods  for  their  removal  devised. 

Various  supplements  for  the  basal  medium  were  studied,  but 
none  has  been  found  worthy  of  recommendation. 


Assay  tubes  showing  high  cell  and  acid  production  in  the 
presence  of  stimulants  and  in  the  absence  of  added  pure  biotin 
were  tested  for  evidences  of  biotin  synthesis  on  the  part  of  the 
organism.  No  synthesis  could  be  demonstrated. 
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Color  Test  for  Oils  and  Resins,  Using  Hirschsohn  Reagent  for  Cholesterol 

HOWARD  C.  BRINKER,  Minnesota  Mining  and  Manufacturing  Company,  St.  Paul,  Minn. 


THE  Hirschsohn  reagent  for  cholesterol  is  useful  as  a  simple 
color  test  for  oil  types.  It  also  gives  color  reactions  with 
some  resins.  When  using  this  reagent  in  making  tests,  it  is  good 
practice  to  have  authentic  samples  for  comparison  with  the 
unknown. 

Hirschsohn  reagent  for  cholesterol  (I),  9  grams  of  trichloro¬ 
acetic  acid  and  1  cc.  of  distilled  water. 


Procedure.  Place  1  or  2  drops  of  an  oil  or  a  corresponding 
amount  of  resinous  material  on  a  porcelain  spot  plate,  add  3  or  ‘ 
drops  of  the  reagent,  and  wait  a  short  time  for  the  color  to  de 
velop.  As  the  color  develops  rather  slowly  at  20°  C.  or  less,  th« 
test  may  be  speeded  up  by  warming  the  spot  plate  to  35°  C. 
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Table  1.  Color  Test  for  Oils 

Color, 

Color, 

Color, 

Color, 

Material 

I  to  2  Minutes 

5  Minutes 

Material 

1  to  2  Minutes 

5  Minutes 

Oils 

Resins 

Tung 

Gels,  gel  turns  red 

Rosin 

Blue  green 

Dark  blue 

Synthenol 

Yellow 

Brown 

Ester  gum 

Red 

Purple 

Isoline 

Yellow 

Slight  pink 

Cyclohexanone  formaldehyde 

Bright  red 

Linseed 

Blue 

Blue  purple 

Cumar 

Light  red 

Heavy-bodied  linseed 

Dark  brown 

Staybellite 

Light  blue  green 

Corn  (maize) 

Neat’s-foot 

Light  blue 

Light  pink 

Purple 

(hydrogenated  rosin) 

Soy 

Dirty  blue 

Purple 

Varnish 

Dark  red 

Cold  pressed  castor 

Practically  no  color 

Ester  gum,  tung  oil 

Purple 

Cottonseed 

Light  purple 

Medium  purple 

Ester  gum,  perilla 

Brown 

Blown  castor 

Orange 

Brown 

Fish 

Dirty  red 

Blue 

Dried  varnish  film 

Brown  red 

Perilla 

Mauve 

Violet 

Linseed  type 

Brown 

Oiticica  • 

Gels,  gel  turns  red 

Dehydrated  castor  type 

Light  yellow 

Tung  3,  linseed  1 

Gels,  gel  turns  brown  red 

Tung  type 

Practically  no  color 

Tung  1,  linseed  3 

Gels,  gel  turns  light  red 

Tung  1,  linseed  9 

Red 

Brown  red 
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Rapid  Determination  of  Starch 

Factors  for  Starches  and  Comparison  with  Acid  and 
Enzymic  Hydrolysis  Methods 

JOHN  P.  NIELSEN  and  PEGGY  C.  GLEASON 
Western  Regional  Research  Laboratory,  U.  S.  Department  of  Agriculture,  Albany,  Calif. 


IN  A  previous  publication  (10)  one  of  the  authors  presented  a 
rapid  and  reasonably  accurate  method,  based  on  color  de¬ 
velopment  with  iodine,  for  the  determination  of  starch  in  fresh, 
frozen,  and  canned  vegetables.  No  comparative  data  were 
presented  for  this  method  and  for  accepted  enzyme  procedures, 
and  although  it  was  recognized  that  unit  weights  of  starches 
from  various  sources  yield  different  intensities  of  color  in  iodine 
solution,  data  on  these  differences  were  not  available  at  the  time. 

This  paper  presents  factors  for  the  calculation  of  starch  in 
various  vegetables  with  potato  starch  as  a  standard;  compares 
results  by  the  proposed  method  with  those  by  an  enzyme  proce¬ 
dure;  describes  minor  revisions  that  increase  the  accuracy  of  the 
original  method;  and  describes  its  application  to  dehydrated 
foods.  Data  are  presented  to  show  that  the  enzyme  procedure 
used  for  comparison  is  not  applicable  to  all  types  of  starches. 
For  this  reason  acid  hydrolysis  was  used  to  establish  calculation 
factors  for  certain  pure  starches. 

Several  thousand  samples  have  been  analyzed  for  starch  con¬ 
tent  by  the  proposed  procedure.  These  samples  included  fresh, 
frozen,  dehydrated,  and  canned  vegetables  and  apples. 

PREPARATION  OF  SAMPLES 

If  the  sample  is  dehydrated,  soak  10  to  20  grams  for  several 
hours  or  overnight,  using  enough  water  to  keep  the  material 
covered.  Rehydration  may  be  hastened  by  heating  at  60°  C.  for 
2  hours.  -  Replace  any  water  lost  during  heating.  Add  a  weight 
of  water  equal  to  the  combined  weight  of  the  sample  and  rehy¬ 
drating  water;  then  disintegrate  in  an  electric  food  blender.  A 
100-  to  200-gram  sample  of  fresh,  frozen,  or  canned  vegetable 
may  be  comminuted  directly  in  the  disintegrator  cup  with  an 
equal  weight  of  water.  To  obtain  a  more  homogeneous  product, 
add  approximately  half  of  the  water  to  the  sample  in  the  blender 
and  run  it  at  low  speed,  controlled  by  a  rheostat,  until  the  product 
is  well  disintegrated.  Then  add  the  remainder  of  the  water  and 
run  the  blender  at  maximum  speed. 

Usually  there  is  little  or  no  difficulty  in  sampling  disintegrated 
products  that  have  been  blanched  or  heated  enough  to  gel  the 
starch  grains.  On  the  other  hand,  certain  raw  wet-ground  prod¬ 
ucts  such  as  potatoes,  which  have  large  starch  grains,  are  difficult 
to  sample  because  the  starch  settles  out  rapidly.  This  type  of 
material  sometimes  forms  a  foam  that  must  be  dispersed  after 
blending  before  a  representative  sample  can  be  obtained.  These 
difficulties  can  be  minimized  by  the  use  of  as  little  water  as  pos¬ 
sible  in  grinding  the  samples,  so  that  a  thick  mixture  is  obtained. 
Addition  of  a  few  drops  of  amyl  alcohol  will  disperse  the  foam. 

The  percentage  of  starch  in  the  sample  determines  the  dilu¬ 
tions  that  should  be  made  to  obtain  a  color  with  iodine  within  the 
range  that  can  be  read  in  the  photoelectric  colorimeter.  The 
starch  content  of  soybeans,  snap  beans,  and  most  kinds  of  squash 


averages  about  1%;  that  of  green  peas,  5%;  that  of  lima  beans, 
potatoes,  and  sweet  potatoes,  10  to  20%.  Starch  concentrations 
up  to  2.5  mg.  per  final  50  ml.  of  solution  in  a  colorimeter  tube  of 
about  1.25-cm.  internal  diameter  have  been  found  to  give  color 
intensities  that  obey  Beer’s  law.  Pea  starch  gives  a  color  with 
the  iodine  solution  that  is  about  twice  as  intense  as  the  color  ob¬ 
tained  with  the  same  weight  of  most  other  starches;  therefore 
the  value  for  the  upper  limit  of  the  range  should  be  divided  by 
two. 

There  are  two  types  of  plant  material  for  which  this  method 
would  not  serve  satisfactorily.  One  is  woody  tissue,  which  can¬ 
not  be  disintegrated  by  the  wet-grinding  procedure;  the  other 
is  any  tissue  that  is  very  low  in  starch  and  for  which  a  dilution 
of  less  than  25  ml.  after  treatment  with  perchloric  acid  is  neces¬ 
sary. 

MODIFICATIONS  OF  PROCEDURE 

Concentrated  perchloric  acid  rapidly  hydrolyzes  starch  to 
sugar.  To  minimize  the  chance  of  momentary  high  concentra¬ 
tions  of  perchloric  acid,  due  to  insufficient  stirring  while  it  is  be¬ 
ing  added  to  the  sample,  it  was  found  advisable  to  modify  the 
original  procedure  (10).  Previously  1  ml.  of  water  was  added  to  a 
3-gram  sample  before  the  starch  was  solubilized  with  72%  per¬ 
chloric  acid.  More  consistent  results  were  obtained  when  the 
perchloric  acid  was  diluted  with  this  water  before  it  was  used  for 
solubilization.  It  is  well  to  make  up  several  hundred  milliliters 
of  this  diluted  acid  and  cool  to  remove  the  heat  of  dilution  before 
use. 

In  a  detailed  study  of  the  effect  of  variations  in  solubilizing 
time  on  the  results  of  starch  analysis,  duplicate  samples  of  pea 
starch,  lima  bean  starch,  peas,  lima  beans,  and  soybeans  were 
treated  for  2,  5,  7,  10,  15,  and  30  minutes  with  perchloric  acid. 
Table  I  shows  that  solubilization  is  complete  after  5  to  7  minutes, 
and  that  generally  the  sample  may  stand  in  contact  with  the 
perchloric  acid  for  30  minutes  with  little  loss  in  starch. 


Table  I.  Effect  of  Variation  in  Solubilizing  Times  on  Results  of 

Starch  Analysis 


Lima 

\ 

T  reat- 

Pea 

Bean 

ment 

Starch 

Starch 

Lima 

with 

Re¬ 

Re¬ 

Peas, 

Beans, 

Soybeans, 

HClOi 

covered 

covered 

Starch 

Starch 

Starch 

Min. 

Mg. 

Mg. 

% 

% 

% 

2 

41 

66 

3.77 

11.4 

1.99 

5 

43 

71 

3.77 

12.8 

1.97 

7 

43 

73 

4.01 

12.5 

1.98 

10 

43 

72 

3.95 

12.9 

1.90 

15 

43 

70 

3.98 

12.9 

1.90 

30 

43 

73 

3.88 

12.8 

1.78 

131 


132 
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Table  II.  Factors  for  Converting  Results  Expressed  as  Potato  Starch 
Equivalent  to  True  Values 


Source  of  Starch 

Factor 

Lima  beans 

Henderson  Bush 

0.99 

Clark’s  Bush 

1.00 

Fordhook 

1.06 

Peas 

Thomas  Laxton 

0.53 

Wando 

0.53 

Wisconsin  Sweet 

0.53 

Surprise 

Tall  Alderman 

0.55 

0.55 

Dark  “Podded”  Thomas  Laxton 

0.56 

Wisconsin  Perfection 

0.57 

Wilt-resistant  Perfection 

0.57 

Laxton’s  Progress 

0.59 

Alaska 

0.92 

Early  Sweet 

1.18 

Potatoes 

Idaho  Russet 

0.99 

California  White  Rose 

1.02 

Sweet  potatoes 

Red-skinned 

1.20 

Yellow-skinned 

1.30 

Squash 

Buttercup 

1.10 

Blue  Hubbard 

1.12 

Wheat 

Tenmarq 

1.26 

Soybeans 

Bansei 

1.06 

Snap  beans 

Bountiful 

1.00 

Eucalyptus  leaves 

1.04 

The  concentration  of  the  sodium  hydroxide  used  in  neutraliz¬ 
ing  the  aliquot  before  the  development  of  the  starch-iodine  color 
was  lowered  from  6  N  to  2  N,  because  it  was  found  that  pro¬ 
longed  exposure  to  high  alkalinity  lowered  the  values  as  much  as 
10%  when  5  drops  of  6  A  sodium  hydroxide  were  added  in  excess 
of  neutrality. 

It  was  found  also  that  excessive  salts  cause  low  starch-iodine 
color  values.  The  results  of  a  study  indicated  that  the  solubilized 
sample  should  be  made  up  to  at  least  25  ml,  in  order  to  obtain 
sufficient  dilution  of  the  salts. 

ESTABLISHMENT  OF  FACTORS 

It  is  generally  recognized  that  common  starches  are  made  up  of 
at  least  two  different  compounds  {2,  8,  11),  usually  designated  as 
amylose  and  amylopectin.  Amylose  gives  a  strong  blue  color 
while  amylopectin  gives  a  weak  violet  color  with  iodine.  These 
properties  have  been  used  by  McCready  and  Hassid  ( 9 )  to  deter¬ 
mine  the  ratio  of  amylose  to  amylopectin  in  potato  starch. 

Since  starches  from  various  sources  have  different  ratios  of 


Fifty  to  100  mg.  of  potato  starch  or  X  starch  (any  starch 
other  than  potato  starch)  was  accurately  weighed  out;  3  ml.  of 
water  were  added;  the  starch  was  solubilized;  and  the  iodine 
color  was  developed  and  measured  as  described  previously  {10). 

The  factors  were  calculated  thus: 


Factor  = 
log 


100 


(colorimeter  reading  of  1  mg.  of  potato  starch  in  50  ml.) 
divided  by 
log 


100 


(colorimeter  reading  of  1  mg.  of  X  starch  in  50  ml.) 


This  formula  is  used  when  the  colorimeter  reading  represents 
percentage  of  transmission  and  the  instrument  is  adjusted  to  read 
100  with  the  reagent  blank.  If  the  instrument  has  a  log  scale, 
then  the  reading  corrected  for  reagent  blank  for  1  mg.  of  potato 
starch  per  50  ml.  is  divided  by  the  corrected  reading  of  1  mg.  of 
the  starch  being  considered. 

With  these  factors  and  a  curve  for  pure  potato  starch,  the  starch 
content  of  any  of  the  vegetable  products  mentioned  can  be  ob¬ 
tained.  The  percentage  of  starch,  calculated  as  potato  starch 
equivalent,  is  multiplied  by  the  established  factor  for  the  product 
in  question.  Table  II  gives  the  factors  for  a  number  of  different 
vegetable  starches  and  for  several  varieties  of  certain  vegetables. 
The  factors  have  been  related  to  potato  starch  because  raw  pota¬ 
toes  are  available  throughout  the  year  and  because  of  the  ease  of 
preparing  pure  samples  of  this  starch. 

The  factors  for  soybeans,  snap  beans,  and  eucalyptus  leaves 
were  obtained  in  a  different  manner,  because  of  difficulty  in  ob¬ 
taining  pure  starch  from  them.  A  starch  analysis  was  made  by 
the  proposed  method  and  the  result  calculated  as  potato  starch 
equivalent.  The  same  sample  was  then  analyzed  for  starch  by 
the  enzyme  procedure  ( 6 )  and  the  factor  was  obtained  by  di¬ 
viding  the  percentage  of  starch  obtained  with  the  enzyme  pro¬ 
cedure  by  the  value  obtained  for  potato  starch  equivalent. 

Sweet  corn  is  the  only  common  starch-storing  vegetable  that 
is  omitted  from  the  table.  The  authors  were  not  able  to  prepare 
sweet-corn  starch  that  was  free  from  glycogen  (7)  and  therefore 
could  not  determine  the  factor  for  the  starch  of  sweet  corn.  The 


Table  III.  Effect  of  Maturity  on  Starch  Factor 


amylose  to  amylopectin,  any  iodine  colorimetric  method  for  the 
accurate  determination  of  starch  must  take  this  fact  into  account. 
A  unit  weight  of  starch  from  one  source  may  give  a  deeper  or 
lighter  color  with  iodine  than  will  starch  from  another  source. 
This  variation  does  not  produce  as  complex  a  situation  as  one 
might  expect,  for  two  reasons.  First,  the  ratio  of  amylose  to 
amylopectin  in  the  starch  of  plants  appears  to  be  a  factor  that  is 
inherited  and  is  for  all  practical  purposes  the  same  for  different 
maturities  and  growing  conditions.  Secondly,  the  ratio  of  amyl¬ 
ose  to  amylopectin  in  the  starch  of  many  plants  appears  to  be 
similar  to  that  of  potato  starch,  which  is  about  20%  amylose  and 
80%  amylopectin.  Two  types  of  starch  that  vary  widely 
from  this  value  are  waxy  corn  starch,  which  is  practically  — 
100%  amylopectin,  and  garden-type  wrinkled-seeded  pea 
starch,  which  is  probably  about  75%  amylose  and  25% 
amylopectin.  All  these  values  are  based  on  the  assumption 
that  all  amyloses  give  the  same  amount  of  color  with 
iodine  per  unit  weight. 

In  establishing  the  factors  for  various  starches,  based  on 
pure  potato  starch  as  the  standard,  studies  were  made  on 
the  influence  of  maturity  and  of  variety  of  the  plants  from 
which  the  starch  was  obtained.  The  pure  starch  was  pre¬ 
pared  as  previously  described  {10) .  No  attempt  was  made 
to  remove  all  the  moisture  from  the  starches,  since  their 
purity  is  established  by  chemical  means,  and  if  some  mois¬ 
ture  is  present  there  is  less  chance  of  error  in  weighing 
due  to  absorption  of  moisture  from  the  air.  Any  moisture 
present  was  therefore  regarded  as  an  impurity. 


Vegetable 

Henderson  Bush  lima  beans 

Clark’s  Bush  lima  beans 

Fordhook  lima  beans 

Wisconsin  Perfection  peas 
Wilt-resistant  Perfection  peas 


Maturity 

Factor 

Immature 

1.01 

Mature 

0.98 

Overmature 

0.98 

Immature 

1.02 

More  mature 

0.98 

Mature 

1.02 

Overmature 

1.04 

Immature 

1.14 

More  mature 

1.16 

Mature 

1.06. 

Overmature 

1.05 

Mature 

0.57 

Overmature 

0.58 

Immature 

0.58 

Overmature 

0.55 

Table  IV.  Determination  of  Purity  of  Vegetable  Starches  by  Acid 
Hydrolysis  and  by  Enzyme  Hydrolysis 


V egetable 


Pea 


Pea,  Alaska 
Lima  bean 


Sweet  potato 
(yellow-skinned) 
Sweet  potato 
(red-skinned) 
Potato  (white) 


Sample 

No. 

1 

2 

3 

4 

5 

1 

2 

3 

4 


Purity  of  Starch 

Acid  hydrolysis,  Enzyme  hydrolysis. 


% 

98.1,  98.1 
98.0, 98.2 
94.5, 94.7 

95.3.95.9 
96.9, 97.5 
97.7,  98.5 
98.5,  98.5 
92.5,92.3 
98.2, 98.0 

99.0,98.3,97.7,98.8 

99.2.97.9 

98.2,  100.0,98.1,  100.0 
94.0,92.5,  94.7,93.0,95.4 


% 


90.0,91.3 

98.0,  97.9,  97.9,  98.7 
92.4, 92.5 

99.3,99.1,98.6,99.2 
98.5,  97.8,  98.5,  98.5 

92.7, 94.5, 94.6 

94.4,  95. 1,  94.5 
93.8,  95.3,  92.8,  93.7 
94.1,93.1 
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Table  V.  Comparison  of  Results  of  Starch  Determinations  by 
Proposed  Method  and  by  Enzyme  Hydrolysis 


Sample 

Starch  Content 

Product 

No. 

Proposed  method 
% 

Enzyme  hydrolysis 
% 

Peas 

1 

2.73,2.71,2.74 

2.05,2.43 

2 

3.76,  3.68,  3.67, 
3.68,  3.66,  3.66 

2.57,2.42,2.55 

3 

4.15,4.17,4.24 

2.55,  1.70,  2.11, 
2.44,2.06,  1.61 

4 

2.81 

2.15 

5 

3.84,  3.85,  3.85, 
3.84,  3.95,  3.94, 
3.94,3.95 

2.31,  2.50,2.46 

Lima  beans 

1 

2 

15.4,  15.2,  15.1, 
15.2, 15.6, 15.6 
14.7,  14.7, 14.2 

15.5,  15.5 

Soybeans 

1 

2.00,  1.96,  1.95, 
1.84, 1.89 

1.84,  1.95 

2 

1.41,  1.42,  1.44, 
1.40,  1.45,  1.47, 
1.42, 1.42 

1.31,  1.38 

Wheat  flour 

77.5,  77.2,  77.2 

77.5 

72.5,79.0,71.9 

Snap  beans 

5.83,  5.85,  5.80 

5.83 

5.74, 5.88, 5.58 

enzyme  method  for  establishing  the  factor  could  not  be  used 
either,  since  the  starch  enzymes  hydrolyze  glycogen.  Brimhall 
and  Hixon  (3)  reported  that  corn  starch  has  the  same  amylose 
content  as  potato  starch.  The  factor  for  corn  starch  would  then 
be  1.00  on  the  assumption  that  corn  amylose  gives  the  same 
amount  of  color  per  unit  weight  as  does  potato  amylose.  The 
red  color  from  the  glycogen  present  in  sweet  corn  would  not 
cause  nearly  so  much  error  in  the  proposed  method  as  would  the 
sugar  from  the  glycogen  by  the  enzyme  procedure. 

Table  III  shows  that  in  most  cases  the  effect  of  maturity  on  the 
starch  factor  was  almost  within  the  range  of  experimental  error, 
an  exception  being  Fordhook  lima  beans,  in  which  case  the  dif¬ 
ference  between  the  highest  and  lowest  factors  amounted  to  10% 
of  the  average  for  the  four  degrees  of  maturity. 

The  purities  of  the  prepared  vegetable  starches  were  deter¬ 
mined  by  enzyme  hydrolysis  (6)  and  by  acid  hydrolysis  (f). 
Enzyme  hydrolysis  was  tried  first  because  this  type  of  procedure 
is  generally  used  for  starch  determinations.  As  a  result  of  diffi¬ 
culties  in  applying  the  method  to  certain  starches,  the  purities 
were  rechecked  by  the  acid  hydrolysis  procedure.  In  comparing 
results  obtained  by  the  proposed  method  with  those  obtained 
by  the  enzyme  procedure,  difficulties  were  again  encountered 
with  certain  types  of  vegetables. 

In  the  acid  hydrolysis  0.1000  gram  of  starch  was  weighed  out 
on  an  analytical  balance;  100  ml.  of  1  A  hydrochloric  acid  were 
added,  and  the  solution  was  refluxed  2.5  hours  on  a  hot  plate. 
The  solution  was  then  cooled,  neutralized  to  phenolphthalein 
and  made  to  volume;  an  aliquot  was  taken;  and  sugar  was  de¬ 
termined  by  the  ferricyanide  method  (5).  This  procedure  was 
carried  out  in  duplicate  or  triplicate  with  very  good  agreement. 

In  the  enzyme  hydrolysis  ( 6 )  0.5000  gram  of  the  purified 
starch  was  refluxed  for  30  minutes  in  acidified  alcohol  to  solubilize 
the  starch.  It  was  then  filtered  and  the  alcohol-insoluble  residue 
|  was  taken  up  in  water,  boiled  5  minutes,  and  held  on  a  steam  bath 
for  at  least  30  minutes.  The  solution  was  filtered  and  the  filtrate 
saved.  The  process  was  repeated  on  the  insoluble  residue,  and 
the  second  filtrate  was  added  to  the  first.  The  combined  filtrates 
were  made  to  volume;  and  aliquot  was  hydrolyzed  with  salivary 
! amylase  for  2  hours  at  37°  to  40°  C.;  and  the  sugar  was  deter¬ 
mined  by  the  ferricyanide  method. 

To  determine  the  possible  presence  in  the  purified  starch  of 
I  certain  foreign  substances  that  might  raise  the  sugar  titer,  photo- 

I  micrographs  of  the  various  starches  were  prepared.  A  careful 
study  of  these  pictures  indicated  that  the  starch  granules  had 
been  separated  from  the  extraneous  material. 

The  authors  were  not  able  to  obtain  consistent  results  by  en¬ 
zyme  hydrolysis  on  pea  starch.  The  procedure  was  modified  to 
prevent  loss  due  to  handling  of  the  sample  and  also  to  solubilize 
the  starch  more  completely  before  enzyme  hydrolysis.  The 
modifications  to  prevent  loss  due  to  handling  did  not  improve 


the  reproducibility  of  the  results.  A  longer  heating  period  gave 
somewhat  higher  results  with  pea  starch,  but  even  this  heating, 
carried  to  extremes,  did  not  produce  a  completely  soluble  starch. 
Some  pea-starch  granules  always  settled  out.  The  time  for  en¬ 
zymatic  hydrolysis  of  pea  and  potato  starches  was  increased  to 
6  hours.  As  a  result,  the  amount  of  maltose  produced  was  in¬ 
creased  by  about  7%  for  peas  and  by  2%  for  potatoes. 

It  can  be  seen  from  Table  IV  that  concordant  results  for  all  the 
types  of  starches  investigated  were  obtained  by  acid  hydrolysis. 
Enzyme-hydrolysis  values  were  fairly  consistent  for  all  of  the 
starches  with  the  exception  of  starch  from  peas.  The  results  by 
enzyme  hydrolysis,  however,  were  somewhat  lower,  except  for 
potato  and  lima  bean  starch,  than  by  acid  hydrolysis.  Because 
of  the  lower  results  obtained  by  enzyme  hydrolysis,  acid  hydroly¬ 
sis  values  were  accepted  as  showing  the  purities  of  the  starches. 

The  starch  content  of  several  vegetables  was  determined  by 
the  proposed  method  and  by  the  enzyme  hydrolysis  method  (6) . 
In  the  latter,  the  sample  was  dried  in  a  vacuum  oven  and  ground 
in  a  Wiley  mill,  or  disintegrated  in  a  Waring  Blendor  and  dried 
with  successive  portions  of  acetone  and  ether  by  suction-filtra¬ 
tion  on  a  sintered-glass  filter.  The  size  of  the  sample  depended 
upon  the  range  of  starch  content  and  the  method  of  preparation. 
About  0.5  gram  of  dried  material  or  3  to  6  grams  of  wet-ground 
material  was  taken.  Starch  results  by  the  two  procedures  are 
shown  in  Table  V.  It  is  evident  that  the  proposed  method  and 
enzyme  hydrolysis  gave  fairly  comparable  and  consistent  values 
for  snap  beans,  potatoes,  lima  beans,  soybeans,  and  wheat  flour. 
The  proposed  method  gave  higher  values  and  good  duplication 
for  peas,  while  the  enzyme  method  gave  lower  and  less  concordant 
values.  As  suggested  above,  this  disagreement  may  be  due  to  the 
nature  of  pea  starch. 

Empirical  factors  are  used  in  both  methods.  The  proposed 
method  requires  a  factor  that  is  dependent  on  the  relative  inten¬ 
sity  of  color  developed  by  iodine  per  unit  weight  of  starch  from 
a  given  source.  Enzyme  methods  require  factors  for  the  relative 
extent  of  hydrolysis  of  particular  starches,  and  values  that  are 
established  empirically  for  the  reducing  sugars  (5).  From  the 
results  obtained  it  appears  that  further  studies  should  be  made 
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on  the  enzyme  hydrolysis  method  in  order  to  adapt  it  to  starches, 
similar  to  pea  starch,  which  are  comparatively  high  in  amylose 
content. 

EFFECT  OF  AMYLASES  IN  MATERIAL  TO  BE  ANALYZED 

The  concentration  and  activity  of  amylases  in  raw  vegetable 
materials  vary  greatly  among  different  species  of  plants.  In  the 
determination  of  starch  content  of  a  vegetable  containing  active 
amylases,  special  precautions  should  be  observed.  If  the 
material  must  be  stored  before  analysis,  it  should  be  frozen  and 
held  at  — 18°  C.,  or,  if  it  is  of  such  nature  that  it  can  be  heated 
very  rapidly  in  boiling  water  to  inactivate  the  enzymes,  it  may  be 
dried  or  stored  at  a  temperature  low  enough  to  prevent  bacterial 
spoilage.  When  the  determination  is  made  on  unheated  material 
containing  active  amylases,  the  material  should  be  disintegrated 
with  cold  water  in  a  food  blender,  a  sample  immediately  weighed 
out,  and  the  perchloric  acid  added  to  prevent  enzyme  action. 

Of  the  materials  investigated,  including  peas,  lima  beans,  soy¬ 
beans,  com,  apples,  sweet  potatoes,  snap  beans,  carrots,  squash, 
pumpkin,  and  white  potatoes,  only  the  sweet  potatoes  and  carrots 
appeared  to  contain  very  active  amylases.  It  was  found,  for  in¬ 
stance,  that  when  sweet  potatoes  were  diced  and  held  at  66°  C. 
for  5  minutes,  about  60%  of  the  starch  was  converted  to  maltose. 
Dropping  the  diced  sweet  potatoes  directly  into  boiling  water  and 
allowing  them  to  heat  for  2  minutes  inactivated  the  amylases  to 
such  an  extent  that  only  5  to  10%  of  the  starch  was  converted 
to  maltose.  During  storage,  the  starch  in  apples  is  converted  to 
sugar.  On  the  other  hand,  if  apples  are  disintegrated,  an  in¬ 
hibitor  is  released  that  prevents  the  hydrolysis  of  their  starch  (4) . 
Some  evidence  was  obtained  that  enzymes  in  soybeans  will  con¬ 
vert  part  of  their  starch  to  sugar  if  they  are  not  heated  to  the  boil¬ 
ing  temperature  rapidly.  From  the  evidence  presented,  it  can  be 
seen  that  if  a  plant  material  is  preserved  by  drying  at  68°  C.,  with¬ 
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out  quick  heating  to  inactivate  the  amylases,  erroneous  starch  re¬ 
sults  may  be  obtained. 

APPLICATION  TO  GRADING 

In  a  previous  publication  {10)  a  curve  illustrating  the  relation¬ 
ship  between  tenderometer  readings  and  starch  contents  of  peas 
was  shown.  This  curve  was  drawn  from  random  results  obtained 
on  several  tenderometers  with  peas  of  varied  history.  Figure  1 
shows  this  relationship  when  samples  of  uniform  history  were 
measured  with  one  instrument.  Under  these  conditions  the 
correlation  coefficient  between  tenderometer  reading  and  starch 
content  was  +0.98.  This  correlation  suggests  that  starch  de¬ 
terminations  by  the  proposed  method  may  be  used  also  ir 
determining  maturities  on  processed  peas,  whereas  the  tenderom¬ 
eter  can  be  used  only  on  raw  samples. 
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Precise  Method  (or  Isolation  of  High  Polymers 

FREDERICK  M.  LEWIS  and  FRANK  R.  MAYO 
General  Laboratories,  United  States  Rubber  Co.,  Passaic,  N.  J. 


Most  conventional  procedures  lor  purifying  polymers  are  either  in¬ 
accurate  or  time-consuming  and  yield  products  which  are  difficult 
to  manipulate.  A  new  procedure  is  described  by  which  solvents 
and  monomers  may  be  separated  from  polymers  and  the  latter  may 
be  brought  to  constant  weight  in  a  form  convenient  for  handling 
and  analysis. 

CONSIDERABLE  work  now  being  done  in  the  field  of  poly¬ 
merization  involves  recovery  and  analysis  of  materials 
that  are  by  their  nature  difficult  to  manipulate.  This  paper  de¬ 
scribes  a  procedure  for  isolating  polymers  from  monomers  and 
solvents  in  a  form  convenient  for  handling  and  analysis. 

Previous  workers  have  either  precipitated  polymer  products  as 
a  powder  {4,  8),  using  suitable  solvent  combinations,  or  have  as¬ 
sumed  that  solvents  and  unreacted  monomers  could  be  removed 
from  the  massive  polymer  by  vacuum  distillation,  with  or  with¬ 
out  the  preliminary  precipitation  of  polymer  or  addition  of 
inhibitors  {1,  2,  3,  6,  7).  The  powder  procedure  is  adequate 
but  not  always  possible  or  convenient;  Figures  1  and  2  show 
that  the  distillation  method  is  generally  inadequate  for  rapid, 
precise  results. 

In  the  first  example  approximately  1.5  grams  (final  weight 
1.4866  grams)  of  high  molecular  weight  polystyrene  were  pre¬ 
cipitated  from  20  cc.  of  benzene  with  200  cc.  of  methanol  and  the 
soft  mass,  in  a  125-cc.  Erlenmeyer  flask  was  blown  into  a  froth 
by  a  sudden  reduction  of  pressure  and  then  heated  at  1-mm. 
pressure.  [Polystyrene  used  in  these  experiments  was  pre¬ 
pared  by  polymerizing  styrene  at  60°  C.  with  0.1  mole  %  ben¬ 


zoyl  peroxide  in  the  absence  of  air.  The  styrene  was  the  same  i 
that  used  in  most  of  the  experiments  by  Mayo  and  Lewis  ( 5 
Polymers  were  precipitated  from  benzene  solution  with  metham 
before  use.]  The  sample  continued  to  lose  weight  after  heir 
heated  for  a  week  at  60°  C.  After  the  bath  temperature  wj 
raised  to  100°,  the  sample  required  an  additional  24  hours  at  ! 
mm.  pressure  to  reach  constant  weight.  In  the  second  exampl 
a  sample  of  polystyrene  was  prepared  by  the  frozen  benzene  tecl 
nique,  described  below,  and  found  to  weigh  1.6824  gram 


TIME  IN  DAYS 

Figure  1.  Rate  of  Solvent  Loss  from  Polystyrene  at  60°  and 

100°  C. 

Sample,  1.4866  grams,  was  blown  into  a  coarse  Roth  from  benzene. 
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Without  removing  the  sample  from  the  flask,  20  cc.  of  benzene 
were  added  and  the  polymer  was  then  precipitated  from  solution 
with  methanol  and  treated  as  in  the  first  example  except  that  the 
temperature  was  held  at  100°  throughout  the  heating  period. 
4,  Figure  2,  shows  that  about  50  hours  were  required  to  reach  a 
constant  weight.  This  value  coincided  with  the  original  weight 
zero  reference  line  in  the  graph)  within  0.0004  gram. 


TIME  IN  DAYS 

Figure  2.  Rate  of  Solvent  Loss  from  Massive 
Polystyrene  at  100°  C. 

Polymer  was  in  form  of  a  coarse  froth. 

A,  1.6824  grams  of  polystyrene  in  beniene 

B,  1.5325  grams  of  polystyrene  in  styrene  containing  0.100  gram  of 
hydroquinone 

B,  Figure  2,  records  the  rate  of  loss  of  dissolved  monomeric 
.yrene  at  100°.  A  1.5325-gram  sample  of  polystyrene,  pre- 
ared  by  the  frozen  benzene  technique,  was  dissolved  in  20  cc. 
f  styrene,  0.100  gram  of  hydroquinone  added,  and  the  styrene 
istilled  from  the  flask  at  reduced  pressure.  After  most  of  the 
yrene  had  distilled  off,  the  weight  change  was  followed  at  100° 
id  1-mm.  pressure.  The  results  are  plotted  in  Figure  2,  with 
le  reference  weight  increased  by  0.100  gram  to  allow  for  the 
ided  hydroquinone.  After  10  days  at  100°,  the  sample  had  not 
?t  reached  a  constant  weight;  the  weight  decrease  below  the 
•ference  value  is  due  to  partial  loss  of  hydroquinone.  Results 
•e  variable  in  such  experiments,  and,  even  for  a  volatile  solvent, 
veral  days’  heating  at  100°  is  often  required  to  attain  a  weight 
hich  remains  constant  to  within  0.3  mg.  during  a  heating  period 
2  weeks. 

The  relatively  flat  portion  of  the  curve  in  Figure  1  might  easily 
i  mistaken  for  constant  weight,  introducing  appreciable  errors, 
urther,  monomeric  styrene  is  lost  more  slowly  than  benzene  and 


Figure  3.  Effect  of  Temperature  on  Rate  of  Solvent 
Removal  from  Porous  Polymer 

Al  0°,  25°,  and  60°  C.  Initial  polymerwcighbwcrc  not  identical. 


polymerizes  appreciably  during  the  heating  period  required. 
Addition  of  inhibitors  introduces  uncertainties.  Finally,  the 
products  of  the  distillation  method  are  hard,  sometimes  inhomo¬ 
geneous  masses;  besides  being  difficult  to  manipulate,  different 
portions  of  a  copolymer  sample  have  given  different  analytical 
results. 

FROZEN  BENZENE  TECHNIQUE 

The  main  difficulty  in  solvent  and  monomer  removal  by  pro¬ 
cedures  like  that  above  is  that  the  rate  depends  on  the  diffusion 
of  solvent  through  relatively  large  masses  of  hard  polymer. 
This  difficulty  is  largely  eliminated  by  the  following  technique: 

The  polymer  is  dissolved  in  eight  to  ten  times  its  weight  of 
benzene  and  the  solution  is  quickly  frozen.  The  benzene  is  then 
sublimed  from  the  polymer  without  melting  of  the  benzene  or 
sintering  of  the  polymer.  The  polymer  is  left  as  a  soft,  fluffy, 
very  porous  solid,  from  which  remaining  traces  of  volatile  mate¬ 
rials  are  rapidly  removed,  which  is  easily  broken  up  for  transfer¬ 
ence  and  analysis  and  which  dissolves  readily  in  solvents. 

The  experimental  data  in  this  paper  are  based  on  tests  with  2- 
to  10-gram  samples  of  polystyrene.  The  authors  have  employed 
the  procedure  in  routine  treatment  of  similar  samples  of  other 
polymers  and  copolymers  which  are  solid  and  soluble  in  benzene, 
with  entirely  satisfactory  results.  Other  solvents  which  are  con¬ 
veniently  sublimed  could  doubtless  be  employed. 


TIME  IN  DAYS 


Figure  4.  Rate  of  Solvent  Removal  from  Porous  Polymer  at 
100°  C. 

A,  sample  weight  1.9088  grams,  polymer  redissolved  at  indicated  point 

B,  sample  weight  10.4465  grams 


Samples  (approximately  2  grams  each)  of  polystyrene  were 
dissolved  in  20  grams  of  benzene  in  125-cc.  Erlenmeyer  flasks 
and  the  solutions  were  frozen  in  dry  ice.  The  flasks  were  then 
transferred  to  an  ice  bath  and  held  at  0°  C.  and  1-mm.  pressure. 
Eight  to  10  hours  were  required  for  removal  of  most  of  the  ben¬ 
zene,  during  which  the  rate  of  solvent  loss  was  almost  linear. 
Removal  of  solvent  was  then  completed  at  a  higher  temperature, 
still  under  reduced  pressure. 

Figures  3,  4,  and  5  show  how  the  rate  at  which  the  polymers 
attain  constant  weight  depends  on  the  temperature:  The  higher 
the  temperature,. the  more  quickly  constant  weight  is  attained. 
The  upper  temperature  limit  which  may  be  used  is  determined  by 
the  temperature  at  which  the  polymer  sinters  and  loses  its  porous 
structure.  Polystyrene  sinters  slowly  at  100°,  the  porous  cake 
shrinking  to  perhaps  half  its  original  volume  in  10  hours,  but  no 
depolymerization  has  been  detected  in  as  long  as  2  weeks  at  100° 
and  1-mm.  pressure. 
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A,  Figure  4,  shows  that  the  results  are  entirely  reproducible. 
After  one  sample  had  been  brought  to  constant  weight  at  100°, 
it  was  redissolved  in  benzene.  Removal  of  the  benzene  by  the 
same  technique  yielded  the  same  weight  of  polymer.  When 
this  polymer  was  redissolved  in  benzene  and  the  solvent  removed 
by  the  distillation  technique,  the  same  weight  of  product  was 
obtained  if  the  heating  time  was  sufficiently  long  ( A ,  Figure  2), 
showing  that  moisture  or  solvent  adsorption  on  the  porous  poly¬ 
mer  was  negligible. 

The  following  details  should  be  of  assistance  in  applying  the 
frozen  benzene  technique. 

Pyrex  Erlenmeyer  flasks  have  been  used  because  they  give 
fairly  large,  flat  cakes  of  polymer.  Less  than  1%  of  the  125-cc. 
flasks  collapse  under  vacuum.  The  less  volatile  the  monomer 
present,  the  more  important  it  becomes  to  reprecipitate  the  poly¬ 
mer  from  solution  two  or  more  times  before  the  final  benzene 
solution  of  the  polymer  is  made  up.  After  the  benzene  has  been 
largely  removed  at  0°,  the  product  should  stand  at  room  tempera¬ 
ture  for  1  to  3  hours  before  heat  is  applied  in  order  to  reduce  the 
tendency  of  remaining  small  amounts  of  solvent  to  cause  sinter¬ 
ing.  B,  Figure  4,  indicates  that  at  100°  a  10-gram  sample  at¬ 
tained  constant  weight  about  as  fast  as  a  2-gram  sample.  Since 
the  whole  procedure  is  carried  out  at  reduced  pressure,  no  diffi¬ 
culties  arise  from  oxidation  or  moisture  adsorption,  although 
some  chlorine-containing  products  have  sometimes  lost  hydrogen 
chloride. 

Microscopic  examination  of  the  unsintered  product  shows  a 
spongelike  structure  with  interconnecting  cells  10  to  50  microns 
in  diameter  with  cell  walls  from  5  to  10  microns  thick.  Rough 
calculations  suggest  a  surface  area  of  about  2000  sq.  cm.  per  gram 
of  polymer.  Moisture  adsorption  amounts  to  2  to  3  mg.  on  poly¬ 
mer  and  flask  together  on  humid  days,  but  can  be  eliminated  by 
admitting  dried  air  to  the  evacuated  flasks  and  storing  them  in  a 
desiccator  prior  to  weighing. 
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Figure  5.  Empirical  Relation  of  Constant  Weight 
Time  to  Temperature 

Times,  t,  in  days,  required  to  reach  constant  weight  were  11,  5,  1, 
and  0.3,  respectively,  for  temperatures  of  0°,  25°,  60°,  and  100° 

C„  as  determined  from  Figures  3  and  4. 
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Determination  of  Riboflavin  in  Low-Potency  Foods  and  Feeds 

S.  H.  RUBIN,  E.  De  RITTER,  R.  L.  SCHUMAN,  and  J.  C.  BAUERNFEIND 
Nutrition  Laboratories,  Hoffmann-La  Roche,  Inc.,  Nutley,  N.  J. 


The  method  of  Hodson  and  Norris  for  the  fluorometric  determination 
of  riboflavin  has  been  modified  successfully  for  use  with  low-potency 
materials.  The  modifications  introduced  include  refinements  in  the 
double  reduction  technique  and  optional  use  of  both  clarase  diges¬ 
tion  and  permanganate  oxidation,  including  a  recovery  step.  The 
results  obtained  by  this  method  on  a  variety  of  low-potency  foods 
and  feeds  were  in  better  agreement  with  microbiological  values 
than  were  the  results  of  Florisil  adsorption  methods. 

THE  need  for  a  rapid,  precise  method  for  the  determination 
of  riboflavin  in  low-potency  foods  and  feeds  prompted  a 
study  of  the  accuracy  of  fluorometric  procedures  (3,  6,  11)  with 
concomitant  comparisons  by  the  microbiological  method  (5,  20, 
21).  In  order  to  obtain  accurate  measurements  of  riboflavin 
consumption  by  human  beings  or  animals  consuming  a  normal 
diet  of  many  foods  or  feeds,  a  critical  examination  must  be  made 
of  natural  products  possessing  low  riboflavin  contents.  In  the 
assay  of  high-potency  products  for  riboflavin  content,  fluoro¬ 
metric  procedures  have  been  aptly  demonstrated  to  yield  values 
agreeing  with  the  biological  assay  results  obtained  with  rats, 


chicks,  and  bacteria  ( 9 ,  11,  12,  IS,  17,  19,  23).  For  products 
containing  less  than  5  micrograms  of  riboflavin  per  gram,  how¬ 
ever,  serious  disagreements  in  assay  values  have  often  been  re¬ 
corded  ( 2 ,  3,13,15,16).  Erroneous  values  for  low-potency  prod¬ 
ucts  obtained  by  the  fluorometric  technique  are  largely  the  re¬ 
sults  of  incomplete  extraction  of  riboflavin  from  the  product  and 
the  presence  of  interfering  pigments  in  the  extracts.  While  the 
microbiological  assay,  when  conducted  properly,  is  usually  satis¬ 
factory  for  riboflavin  assay  of  low-potency  products,  it  is  not 
sufficiently  rapid  for  assaying  products  undergoing  commercial 
processing  where  it  is  vital  to  have  the  assay  results  within  a  few 
hours. 

The  principles  of  the  determination  of  riboflavin  content  by  an 
indirect  method  have  been  described  by  Hodson  and  Norris  (11). 
The  authors  find  a  modification  of  this  rapid  method  to  be  the 
most  satisfactory.  The  modifications  introduced  in  the  present 
work  include  (1)  extraction  in  a  more  dilute  acid  solution  with 
the  aid  of  a  blender;  (2)  optional  use  of  clarase  digestion  at  pH 
4.5;  (3)  optional  use  of  permanganate  treatment  at  pH  4.5; 
(4)  a  riboflavin  recovery  step  when  permanganate  is  used;  (5) 
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double  reduction  of  the  riboflavin  at  pH  4.5  instead  of  7  to  7.5; 
and  (6)  use  of  the  minimum  quantity  of  sodium  hydrosulfite 
during  the  second  reduction  of  the  riboflavin.  Two  steps  re¬ 
quire  careful  adjustment — the  back^titration  with  dilute  hy¬ 
drogen  peroxide  after  permanganate  oxidation,  and  the  second 
reduction  of  riboflavin  by  dilute  sodium  hydrosulfite. 

REAGENTS 

Standard  Riboflavin  Solutions.  Stock.  Dissolve  75  mg. 
of  pure  crystalline  riboflavin  in  0.05  N  sulfuric  acid  to  make  1000 
ml.  of  solution.  Prepare  monthly  (1  ml.  contains  75  micro¬ 
grams).  Working.  Dilute  20  ml.  of  stock  solution  to  100  ml. 
with  distilled  water.  Prepare  daily  (1  ml.  contains  15  micro¬ 
grams)  . 

Stannous  Chloride  Solutions.  Stock.  Dissolve  10  grams 
of  stannous  chloride  in  25  ml.  of  concentrated  hydrochloric  acid 
and  store  in  a  dark  glass  bottle  at  room  temperature.  Working. 
Dilute  1  ml.  of  stock  solution  to  500  ml.  with  distilled  water. 
Prepare  daily. 

Sodium  Hydrosulfite  (2.5%).  Dissolve  1  gram  in  40  ml. 
of  2%  sodium  bicarbonate  solution.  Stable  in  ice  bath  for 
2  to  4  hours. 

Sodium  Acetate  Solution  (2.5  M).  Dissolve  340  grams  of 
sodium  acetate  trihydrate  in  distilled  water  to  make  1  liter  of 
solution. 

Permanganate  Solution  (4%).  Dissolve  4  grams  of  potas¬ 
sium  permanganate  in  distilled  water  to  make  100  ml.  Prepare 
every  two  weeks. 

Hydrogen  Peroxide  Solution  (3%).  Dilute  5  ml.  of  30% 
hydrogen  peroxide  to  50  ml.  with  distilled  water.  Store  in  re¬ 
frigerator  and  prepare  every  two  weeks. 

Clarase  (Takamine  Laboratories,  Clifton,  N.  J.).  It  is 
desirable  to  have  a  preparation  of  low  riboflavin  content,  less 
than  5  micrograms  per  gram.  All  lots  must  be  assayed. 

Sulfuric  Acid,  approximately  0.1  A. 

APPARATUS 

A  fluorophotometer  (1)  exhibiting  sufficient  sensitivity  to  the 
fluorescence  of  riboflavin,  (2)  yielding  a  linear  relationship  be¬ 
tween  galvanometer  readings  and  critical  riboflavin  concentra¬ 
tions,  and  (3)  demonstrating  stability  of  response  during  opera¬ 
tional  period.  For  general  practicability  it  is  desirable  to  operate 
the  instrument  so  as  to  obtain  a  galvanometer  response  of  40  to 
50  scale  divisions  for  riboflavin  concentration  of  0.1  microgram 
per  milliliter.  The  Pfaltz  and  Bauer  fluorophotometer,  model  B, 
the  Coleman  photofluorometer,  model  12,  the  Coleman  Universal 
spectrophotometer,  model  11,  with  UV  lamp  and  20  by  40  mm. 
cuvettes,  and  others  are  satisfactory. 

A  Waring  Blendor  or  Wonder-Mix. 

A  shaking  machine  with  vigorous  to-and-fro  action. 

An  autoclave  or  water  bath. 

An  incubator  or  low-temperature  oven. 

Light-protecting  equipment,  such  as  red  or  amber  glassware, 
Eastman  safety  lights  with  series  OA  Wratten  light  filters.  All 
solutions  containing  riboflavin  should  be  protected  from  the 
light. 

PREPARATION  OF  EXTRACT  FOR  FLUOROMETRY 

All  samples  may  be  acid-extracted,  incubated  with  clarase, 
md  permanganate-treated  (with  recovery  step).  When  in  doubt 
ibout  the  value  of  the  clarase  or  permanganate  step,  include  these 
n  the  procedure.  It  is  desirable  to  use  clarase  on  all  products 
if  a  starchy  nature  and  on  animal  tissue.  Permanganate  treat¬ 
ment  should  be  used  on  all  extracts  which  are  appreciably  pig- 
[Rented. 

Acid  Extraction.  Weigh  a  quantity  of  sample  (not  more 
than  20  grams  of  dry  material)  preferably  containing  about  35 
tnicrograms  of  riboflavin,  and  mix  with  150  ml.  of  0.1  N  sulfuric 
acid.  If  the  sample  is  not  finely  pulverized,  mix  in  a  blender  and 
Itransfer  the  contents  to  a  flask  easily  accommodating  a  volume 
pf  250  ml.  If  the  sample  is  finely  pulverized,  introduce  the  dry 
iroduct  into  the  flask,  add  the  acid  solution,  and  mix  by  hand¬ 
shaking.  Either  immerse  the  flask  in  a  boiling  water  bath  or 
•eflux  for  45  minutes,  and  swirl  frequently,  or  autoclave  at  6.8- 
cg.  (15-pound)  pressure  for  15  to  20  minutes.  Cool  and  add 
10  ml.  of  2.5  M  sodium  acetate  solution.  If  the  sample  clumps 
luring  heating,  again  macerate  in  the  blender.  Dilute  to  250 
nl.  with  distilled  water  and  filter  through  Whatman  No.  40 
paper. 


Enzyme  Treatment.  If  the  sample  is  to  undergo  enzyme 
digestion,  omit  the  above  dilution  and  filtration  steps,  add  3% 
of  the  sample  weight  of  clarase  (dispersed  in  the  sodium  acetate 
solution),  and  conduct  the  digestion  for  2  hours  at  45°  to  50°  C. 
Cool,  dilute  to  250  ml.,  and  filter.  [This  filtrate  can  also  be  used 
for  thiamine  assay  by  the  methods  of  Hennessy  (10)  or  Conner 
and  Straub  (d).] 

Permanganate  Oxidation.  Measure  50  ml.  of  the  filtered 
extract,  obtained  either  after  acid  extraction  or  enzyme  treat¬ 
ment,  into  each  of  two  125-ml.  clear-glass  Erlenmeyer  flasks, 
U  and  R.  To  one,  R,  add  0.5  ml.  of  riboflavin  standard  working 
solution  (for  recovery  purposes).  To  each  flask  add  the  same 
amount  of  4%  potassium  permanganate  solution  (2  ml.  or  more), 
swirl,  and  allow  to  react  for  2  minutes.  Then  add  dropwise 
(titrate)  with  swirling,  just  enough  3%  hydrogen  peroxide  solu¬ 
tion  to  cause  a  disappearance  of  the  permanganate  color.  This 
may  or  may  not  be  accompanied  by  formation  of  a  precipitate. 
If  a  precipitate  forms,  add  hydrogen  peroxide  only  as  long  as  it 
continues  to  react,  as  indicated  by  progressive  diminution  of  a 
color  due  to  solution  of  the  precipitate  and  the  fizzing  sound 
caused  by  evolution  of  oxygen.  Since  the  reaction  is  not  in¬ 
stantaneous,  add  hydrogen  peroxide  carefully,  with  swirling. 
If  the  color  is  disappearing,  stop  the  addition  of  hydrogen  per¬ 
oxide  when  a  slight  color  remains,  which  will  disappear  completely 
after  several  minutes.  If  an  excess  of  hydrogen  peroxide  is 
suspected,  back-titrate  dropwise  with  4%  potassium  perman¬ 
ganate  until  the  color  of  the  added  permanganate  fades  slowly. 
Transfer  quantitatively  to  a  100-ml.  glass-stoppered  graduated 
cylinder,  add  a  drop  of  caprylic  alcohol,  and  dilute  to  70  ml. 
Filter,  if  necessary,  through  Whatman  No.  42  paper. 

For  occasional  samples,  such  as  some  mixed  feeds,  filtration 
at  pH  4.5  is  very  slow  and  may  yield  cloudy,  colored  filtrates. 
In  such  cases,  add  1  N  sodium  phosphate  solution,  after  the 
hydrogen  peroxide  treatment,  until  the  precipitate  becomes 
flocculent,  dilute  to  70  ml.,  and  filter  through  Whatman  No.  42 
paper. 

FLUOROMETRY 

In  the  preparation  of  extracts  for  fluorometry  a  sufficient 
volume  of  solution  is  prepared,  so  that  a  duplicate  set  of  readings 
may  be  taken  on  a  given  sample. 

With  Permanganate  Treatment.  Measure  50  ml.  of  solu¬ 
tions  U  and  R  obtained  after  permanganate  treatment  into 
500-ml.  Erlenmeyer  flasks,  add  1.0  ml.  of  the  sodium  hydro¬ 
sulfite  solution  and  2.5  ml.  of  the  working  stannous  chloride 
solution,  allow  to  stand  10  minutes,  and  then  shake  vigorously 
(unstoppered)  in  shaking  machine  for  15  minutes.  From 
solution  U,  pipet  15  ml.  into  the  cuvette  and  take  galvanometer 
reading  A  with  the  standardized  fluorophotometer.  (Use  15  ml. 
for  Coleman  model  12  and  Pfaltz  and  Bauer  model  B;  use  30 
ml.  for  Coleman  model  11.)  Protect  the  cuvette  from  the 
incident  light  beam  of  the  instrument,  add  0.1  ml.  of  the  ribo¬ 
flavin  standard  working  solution  (the  addition  of  0.1  microgram 
of  riboflavin  per  ml.  of  solution),  and  mix  thoroughly  with  a 
small  glass  rod.  (Use  a  micropipet  or  serological  pipet  of  0.1- 
ml.  capacity  to  add  the  riboflavin  solution.  Wipe  outside  of 
pipet  and  “tip  to  the  mark”.  In  delivering  the  contents  of  the 
pipet,  place  the  tip  just  above  the  meniscus  at  the  side  of  the 
cuvette,  allow  to  drain,  then  gently  blow  clean.)  Take  galva¬ 
nometer  reading  B.  Then  add  one  drop  of  the  sodium  hydro¬ 
sulfite  solution,  stir,  and  take  blank  reading  C.  Add  a  second 
drop  of  sodium  hydrosulfite  solution  to  check  the  completeness 
of  riboflavin  reduction.  If  there  is  no  significant  change  in  the 
reading  upon  the  addition  of  a  second  drop,  reduction  was  com¬ 
plete  after  the  first  addition. 

From  solution  R,  take  reading  R1  of  a  15-ml.  quantity  in  the 
cuvette,  then  reduce  the  riboflavin  by  dropwise  addition  of  the 
sodium  hydrosulfite  solution  and  take  blank  reading  R2. 

Without  Permanganate  Treatment.  Measure  50  ml.  of 
the  filtrate  obtained  after  acid  extraction  or  enzyme  treatment 
into  a  100-ml.  graduated  cylinder,  add  1.0  ml.  of  the  sodium 
hydrosulfite  solution  and  2.5  ml.  of  the  stannous  chloride  working 
solution,  dilute  to  75  ml.,  and  allow  to  stand  for  10  minutes. 
Then  pour  45  to  50  ml.  into  an  unstoppered  500-ml.  Erlenmeyer 
flask  and  shake  vigorously  for  15  minutes.  Take  fluorescence 
readings  A,  B,  and  C  as  described  for  solution  U. 

CALCULATIONS 

W  —  weight  of  sample 

S  =  micrograms  of  standard  riboflavin  added  per  ml.  of  solu¬ 
tion  =  0.1 

V  —  total  ml.  of  dilution  of  W  =  375 
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Table  1.  Effect  of  Incubati 

on  Time  with  Clarase0  on  Assay  Value 

Product 

Type  of  Assay 

Incubation  Time& 

2  hours  20-24  hours 

Poultry  mash,  enriched 

Fluorometric 

Micrograms 

3.4 

per  gram 

3.5 

Brown  rice 

Fluorometric 

0.42 

0.43 

Whole-wheat  bread 

Fluorometric 

0.45 

0.47 

Microbiological 

0.44 

0.44 

Clarase 

Fluorometric 

4.2 

4.3 

Microbiological 

4.3 

4.0 

Meat  extract 

Fluorometric 

7.8 

7.7 

Microbiological 

7.6 

7.1 

Pork  loin,  fresh 

Fluorometric 

3.2 

3.0 

Meat  scraps,  dry 

Fluorometric 

4.8 

5.3 

Meat  and  bone  scraps,  dry 

Fluorometric 

3.7 

4.2 

Lamb  shank,  fresh 

Fluorometric 

1.8 

2.0 

Beef  shank,  fresh 

Fluorometric 

2.4 

2.5 

°  3%  of  sample  weight. 

4  At  pH  4.5  and  45-50°  C. 


Table  II.  Comparative  Assay  Results  with  and  without  Permanganate 
Treatment  of  Extracts 


Nonriboflavin 


Fluorescence0 

Riboflavin  Content 

With 

Without 

With 

Without 

Product 

KMnO< 

KMnOt 

KMnOi 

KMnCh 

% 

% 

Micrograms  per  gram 

Bread,  enriched 

42 

55 

1.86 

1.89 

Whole-wheat  bread 

53 

72 

0.45 

0.43 

Poultry  mash 

42 

84 

2.35 

2.47 

Poultry  mash,  enriched 

40 

70 

3.58 

3.39 

Rice  polishings 

49 

57 

1.84 

1.79 

Brown  rice 

48 

55 

0.48 

0.47 

White  rice 

51 

57 

0.29 

0.31 

Canned  beets 

70 

.  h 

0.14 

b 

Meat  extract 

73 

' ;  b 

7.8 

b 

°  %  nonriboflavin  fluorescence  is  calculated  by  formula  C/AX  100,  in 
which  A  is  fluorometric  reading  of  diluted  extract  and  C  fluorometric  reading 
after  reduction  of  riboflavin  in  extract  by  sodium  hydrosulfite. 

4  Nonriboflavin  fluorescence  was  too  great  to  permit  riboflavin  evaluation 
when  permanganate  was  not  used. 


E  -  riboflavin  content  of  clarase  in  micrograms  per  gram 
0.03  E  =  clarase  blank  in  micrograms  per  gram  of  sample 


micrograms  of  riboflavin  per  ml.  of  sample  extract  (1) 

(rwr  x  s  x  ir)  -  0  03  E  - 

micrograms  of  riboflavin  per  gram  of  sample  (2) 

The  use  of  the  micropipet  or  serological  pipet  eliminates  the 
need  for  volume  correction  factors  for  readings  B  and  C.  The 
same  amount  of  riboflavin  may  be  added  in  a  larger  volume  if 
the  proper  volume  corrections  are  applied. 

If  permanganate  treatment  is  employed,  the  following  index 
can  be  used  to  evaluate  the  recovery  of  riboflavin  during  the 
permanganate  treatment  step. 

2^>  _ 

-g-jy  g  X  100  =  permanganate  recovery  index  (3) 

A  value  of  approximately  100%  indicates  no  destruction  of 
riboflavin.  If  the  value  is  less  than  90%,  riboflavin  destruction 
during  permanganate  treatment  may  be  suspected,  and  the 
assay  should  be  repeated. 

EXPERIMENTAL 

Other  investigators  have  employed  enzymatic  hydrolysis  in 
vitamin  extraction  techniques  under  varying  conditions,  with 
time  periods  from  0.5  to  24  hours  and  with  concentrations  of 
enzymes  from  1  to  15%.  Results  obtained  with  an  incubation 
time  of  2  hours,  as  used  in  the  present  method,  were  compared 
with  those  obtained  with  an  incubation  time  of  20  to  24  hours. 
The  results  of  this  comparison,  shown  in  Table  I,  reveal  an  oc¬ 
casional  increase  of  about  10%  in  the  value  for  some  meat  prod¬ 
ucts,  no  change  for  any  of  the  cereals  after  the  longer  incubation. 

The  Hodson  and  Norris  method  (11),  like  other  fluorometric 
methods  (8),  has  failed  when  applied  to  highly  colored  extracts  of 
low-potency  foods  and  feeds.  The  authors  have  found  perman¬ 


ganate  treatment,  which  was  introduced  by  Koschara  (14),  gen¬ 
erally  satisfactory  for  the  removal  of  interfering  pigments  without 
loss  of  riboflavin.  Table  II  contains  a  comparison  of  assay  re¬ 
sults  with  and  without  permanganate  treatment.  The  non¬ 
riboflavin  fluorescing  substances  were  decreased  in  every  in¬ 
stance  by  permanganate  oxidation.  Several  deeply  pigmented, 
low-potency  products  (cf.  canned  beets  and  meat  extract)  could 
not  be  assayed  by  the  fluorometric  method  without  bleaching  the 
interfering  pigments  with  permanganate.  The  permanganate 
treatment  has,  however,  been  made  optional  in  this  method  be¬ 
cause  many  products  give  essentially  the  same  riboflavin  value 
within  the  limits  of  analytical  error,  irrespective  of  whether  or 
not  permanganate  is  used. 

The  double  reduction  of  riboflavin  originally  introduced  by 
Hodson  and  Norris  has  been  continued.  Originally  this  reduc¬ 
tion  was  conducted  at  pH  7.0  to  7.5,  but  the  authors  find  pH  4.5 
desirable,  as  no  further  pH  adjustment  is  usually  necessary  after 
that  following  acid-extraction.  Moreover,  when  the  adjustment 
is  made  to  the  higher  pH,  a  precipitate  frequently  appears,  neces¬ 
sitating  another  filtration  at  this  point.  Data  presented  in  Table 
III  demonstrate  that  identical  riboflavin  values  are  obtained 
whether  the  double  reduction  is  carried  out  at  pH  4.5  or  at  7.0  to 
7.5!  Furthermore,  the  nonpermanganate  blank  is  often  less  at 
4.5  than  at  7. 

Since  pigments  mask  the  fluorescence  of  riboflavin,  the  ques¬ 
tion  arose  as  to  whether,  in  a  given  extract,  the  fluorometric  re¬ 
sponse  would  be  proportional  to  riboflavin  concentration  over 
the  entire  probable  range  of  the  latter.  This  was  tested  by  add¬ 
ing  progressive  increments  of  riboflavin  to  the  final  extract  of 
samples  of  clarase,  whole-wheat  bread,  and  meat  extract.  As 
shown  in  Figure  1,  a  linear  response  was  obtained  in  each  case, 
indicating  that  for  these  extracts  the  fluorometric  response  is 
proportional  to  riboflavin  concentration. 

The  recovery  of  added  riboflavin,  although  it  is  not  an  in¬ 
fallible  index  of  the  reliability  of  a  method,  is  of  definite  assistance 
in  the  evaluation  of  the  procedure.  Table  IV  demonstrates  that 
riboflavin  added  to  the  sample  before  extraction  or  during  the 
determination  is  recovered  quantitatively.  The  satisfactory 
recoveries  obtained  with  different  levels  of  riboflavin  added  to 
the  extract  of  poultry  mash  before  permanganate  treatment  il¬ 
lustrate  again  that  the  degree  of  fluorescence  is  proportional  to 
the  concentration  of  riboflavin. 


Table  III.  Comparative  Results  with  Double  Reduction  of 
Riboflavin  at  Different  pH  Values 

Product  pH  7.0  to  7.5  pH  4.5 

Micrograms  per  gram 


Poultry  mash 

2.39 

2.43 

Rice  polishings 

1.64 

1.66 

Brown  rice 

0.50 

0.50 

White  rice 

0.32 

0.31 

Cookies,  enriched 

2.10 

2.01 

Rolls,  enriched 

1.94 

1.96 

Bread,  enriched 

1.83 

1.83 

The  merits  of  the  present  method  have  been  evaluated  by 
comparison  with  the  microbiological  method  (5,  20,  21)  pri¬ 
marily,  and  also  with  two  commonly  used  fluorometric  methods 
which  include  Florisil  adsorption,  and  the  methods  of  Conner  and 
Straub  (6)  and  of  Andrews  (3).  The  microbiological  method  was 
conducted  according  to  Snell  and  Strong  (20),  with  the  exception 
that  the  extracts  were  prepared  so  as  to  avoid  growth-stimulating 
factors  described  by  Bauernfeind,  Sotier,  and  Boruff  (5)  and 
Strong  and  Carpenter  (21).  Clarase  digestion  was  employed 
when  warranted.  Extracts  prepared  as  described  under  “Method” 
have  been  used  satisfactorily  for  the  microbiological  assay. 

A  comparison  of  typical  results  obtained  by  the  four  methods, 
presented  in  Table  V,  shows  that  the  results  obtained  by  the 
modified  Hodson  and  Norris  method  more  closely  resemble  the 
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microbiological  values  than  do  either  of  the  Florisil  values.  The 
circumstance  of  this  agreement  provides  evidence  that  the  values 
obtained  by  the  present  method  are  closer  to  the  actual  ribo¬ 
flavin  content  of  the  products  analyzed. 

The  use  of  Florisil  may  lead  to  results  which  are  appreciably 
lugher  or  lower  than  microbiological  values.  The  low  results 
may  be  due  to  incomplete  adsorption  and  elution  of  riboflavin 
from  food  extracts.  It  has  been  indicated  in  a  recent  report  (S) 
that  the  adsorptive  power  of  different  batches  of  Florisil  may 
vary  and  hence  cause  low  results.  The  batches  of  Florisil  used 
in  the  present  work  gave  quantitative  recoveries  of  pure  ribo¬ 
flavin  up  to  at  least  25  micrograms  on  a  column  of  the  type  used  by 
Conner  and  Straub.  Complete  recoveries  were  also  obtained 
when  2.5  micrograms  were  added  to  aliquots  of  food  extracts 
containing  about  2.5  micrograms  of  riboflavin,  but  poor  recoveries 
were  found  when  5  to  10  micrograms  were  added  to  aliquots  of 
food  extracts  containing  about  5  micrograms  of  riboflavin.  Thus, 
although  some  samples  of  Florisil  have  been  shown  to  perform 
satisfactorily  for  cereal  products  ( 3 ,  6),  it  would  appear  necessary 
to  check  the  recovery  of  riboflavin  for  each  type  of  product  as¬ 
sayed.  In  some  cases  high  results  were  obtained  by  the  Florisil 
t  procedures  because  of  the  presence  of  nonriboflavin  fluorescent 
1  substances  in  the  eluates.  The  magnitude  of  this  blank  cannot 
always  be  satisfactorily  evaluated  by  the  use  of  hydrosulfite,  nor 
are  these  substances  completely  eliminated  in  all  cases  by  perman¬ 
ganate  treatment.  It  may,  of  course,  often  happen  that  these 
opposing  factors  cancel  each  other  fairly  evenly. 


Table  IV. 

Recovery  of  Riboflavin 

Added 

Product 

Content 

Riboflavin 

Recovery 

Riboflavin  Added  to  Products  before  Extraction 

Micrograms  per  gram 

% 

Flour  A 

1.43 

2.20 

92 

Flour  B 

0.64 

2.20 

96 

Feed  mixture  A 

2.04 

1.10 

100 

Feed  mixture  B 

2.21 

1.10 

95 

Riboflavin  Added  to  Extract0  before  KMnOi  Treatment 

Micrograms 

per  ml. 

Rice  polishings 

0.10 

102 

Brown  rice 

0.10 

93 

Flour,  enriched 

0.10 

100 

Wafers 

0.10 

99 

Wafer  filling 

0.10 

99 

Poultry  mash 

0.05 

93 

0.10 

97 

0.10 

96 

0.15 

96 

a  Riboflavin  content  of  all  extracts  was  close  to  0.1  micrograra  per  ml. 
>•  before  addition  of  riboflavin  for  recovery  purposes. 


Table  V.  Typical  Comparative  Results  by  the  Microbiological  and 
Various  Fluorometric  Procedures 


Fluorometric 


Product 

Andrews 

Conner  and 
Straub 

Present 

method 

Micro¬ 

biological 

Poultry  mash 

1.30 

Micrograms  per  gram 

2.00 

1.93 

Poultry  mash,  enriched 

1.81 

2.9 

2.7 

Breakfast  food  A 

1.31 

1.88 

1.46 

1.69 

B 

1.63 

2.02 

1.38 

1.37 

C 

2.21 

2.96 

1.29 

1.35 

D 

0.73 

1.30 

0.94 

0.94 

E 

1.12 

1.70 

0.61 

0.67 

Cereal  concentrate 

4.9 

6.0 

6.2 

6.1 

Canned  beets 

0.060 

0.062 

0.14 

0.14 

Dog  food 

0.76 

1.71 

2.9 

2.5 

Clarase  A 

2.6 

3.5 

4.6 

4  7 

Clarase  B 

2.0 

2.8 

4.9 

4.3 

Lamb  shank,  fresh 

1.26 

1.34 

1.90 

1.87 

Beef  shank,  fresh 

1.77 

1.83 

2.44 

2.22 

Bread,  enriched0 

2.7 

3.0 

3  1 

3.0 

Flour,  enriched6 

2.1 

2.3 

2.7 

2.7 

Flour,  unenriched 

0.06 

0.08 

0.32 

0.28 

Brown  rice 

0.30 

0.48 

0.47 

0.65 

W  hite  rice 

0.22 

0.31 

0.28 

0.42 

°  Collaborative  sample;  average  value  reported  to  be  3.0  (1). 

6  Collaborative  sample;  average  value  reported  to  be  2.8  (1). 


Table  VI.  Typical  Comparative  Assays  of  a  Variety  of  Foods  and 

Feeds 


Present 

Micro¬ 

Product 

Method 

biological 

Ratio0 

Micrograms  per  gram 

% 

Bread,  enriched 

2.08 

2.10 

99 

Cracked-wheat  bread 

1.76 

1.68 

105 

Whole-wheat  bread 

0.95 

0.93 

102 

Flour,  enriched 

3.04 

3.00 

101 

Chocolate,  enriched 

4.8 

4.8 

100 

Cake,  enriched 

1.59 

1.50 

106 

Wafers 

2.65 

2.80 

95 

Wafer  filling 

3.92 

3.73 

105 

Whole-wheat,  ground 

0.86 

0.84 

102 

Whole-wheat  flour 

0.96 

0.88 

109 

Wheat  bran 

2.74 

2.50 

110 

Meat  and  bone  scraps,  dry 
Soybean  oil  meal,  solvent 

3.7 

3.9 

95 

3.4 

2.9 

117 

Av.  104 

°  Fluorometric  value 
Microbiological  value 


Figure  1 .  Relation  of  Fluorescence  to  Riboflavin  Concentration 


Table  VI  shows  further  representative  data  comparing  results 
obtained  by  the  microbiological  and  the  present  method,  including 
products  which  were  not  evaluated  by  the  Florisil  methods.  For 
the  large  variety  of  materials  analyzed,  the  agreement  is,  on  the 
whole,  satisfactory.  The  outstanding  exceptions  are  the  results 
on  brown  and  white  rice,  which  are  distinctly  lower  by  all  three 
fluorometric  methods  (Table  V) .  Further  work  on  rice  is  in  prog¬ 
ress.  Results  with  samples  of  mixed  feeds  occasionally  were 
somewhat  higher  by  the  present  method.  Since  better  recoveries 
of  added  riboflavin  have  been  obtained  by  the  fluorometric 
method,  results  obtained  with  mixed  feeds  have  been  judged  to 
be  more  reliable  by  the  fluorometric  than  by  the  microbiologi¬ 
cal  method. 

DISCUSSION 

In  analyzing  a  wide  variety  of  foods  and  feeds,  one  encounters 
varying  extraction  problems,  such  as  the  choice  of  suitable  sol¬ 
vents,  subdivision  of  the  sample,  etc.  The  extractant  used,  0.1  N 
sulfuric  acid,  is  believed  to  be  sufficiently  strong.  Extraction 
with  a  1  N  acid  solution  has  failed  to  show  any  increase  over  values 
obtained  with  0.1  A  acid.  On  the  other  hand,  the  use  of  acid  ex- 
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traction  has  been  reported  to  yield  somewhat  higher  values  than 
water  extraction  ( 3 ) .  Proper  maceration  or  pulverization  of  the 
sample  is  an  important  feature  of  the  extraction  technique  and 
hence  it  is  recommended  that  a  grinding  mill  or /and  blender  be 
used  freely.  On  some  feed  samples,  maceration  of  the  sample  for 
a  few  minutes  in  the  acid  extraction  and  enzyme  treatment  proc¬ 
ess  has  resulted  in  a  50%  increase  in  the  riboflavin  value.  It  is 
further  believed  that  proper  maceration  of  the  sample  shortens 
the  time  necessary  for  digestion  with  clarase. 

Clarase  is  an  enzyme  complex  containing  amylase  as  its  chief 
constituent,  as  well  as  a  number  of  other  enzymes:  maltase, 
inulase,  lactase,  dextrinase,  catalase,  various  proteases,  peptidase, 
lipase,  phosphatase,  invertase,  and  other  enzymes  in  small 
amounts.  It  is  used  in  the  thiochrome  method  ( 6 )  and  has  been 
found  by  Peterson,  Brady,  and  Shaw  {18)  to  be  more  satisfactory 
in  the  riboflavin  fluorometric  method  than  other  enzymes  when 
tested  under  their  conditions.  In  the  fluorometric  method  the 
authors  find  enzyme  digestion  desirable  when  extracting  large 
amounts  of  samples  containing  starch,  as  the  liquefaction  of  the 
starch  speeds  the  filtration  procedure.  It  is  also  desirable  to  use 
enzyme  treatment  on  animal  or  plant  tissues  where  bound 
riboflavin  is  suspected.  If  certain  foodstuffs  are  assayed  rou¬ 
tinely,  comparative  trials  should  be  conducted  to  test  the  need 
for  the  clarase  incubation.  Andrews,  Boyd,  and  Terry  (4)  ob¬ 
tained  higher  riboflavin  values  in  fluorometric  assays  on  samples 
of  white  and  whole-wheat  flour  by  the  use  of  water  extraction 
followed  by  takadiastase  digestion  than  by  water  extraction  alone. 
Recently  Peterson  et  al.  {18)  reported  fluorometric  values  for  pork 
products  extracted  with  0.04  N  sulfuric  acid  to  be  higher  when  the 
acid  extracts  were  incubated  at  45°  C.,  pH  4.5  with  2.5%  clarase 
for  24  hours,  than  when  a  2-hour  digestion  was  used.  Table  I 
shows  a  limited  confirmation  of  Peterson’s  findings,  in  that  some 
meat  products  gave  values  which  were  higher  by  about  10%. 
Two-hour  digestion  with  3%  clarase  is  adequate,  however,  for 
cereals.  It  is  desirable  that  each  laboratory  check  this  point  on 
the  particular  products  with  which  it  is  concerned. 

The  permanganate  treatment  offers  advantages  for  many 
types  of  food  products.  For  highly  pigmented  extracts,  its  use 
is  obligatory;  however,  it  may  also  be  used  profitably  for  other 
extracts  which  gave  a  high  blank,  since  the  blank  and  fluorescent 
“masking”  are  reduced.  Hence  a  greater  spread  is  obtained  in 
the  true  riboflavin  readings,  and  the  error  attached  to  minor 
variations  in  fluorometric  response  is  reduced.  These  factors 
tend  toward  greater  precision  in  the  assay. 

In  the  past,  permanganate  oxidation  has  not  always  been  satis¬ 
factory,  because  the  amount  of  permanganate  was  fixed  or  be¬ 
cause  the  subsequent  addition  of  peroxide  interfered  with  the 
hydrosulfite  blank.  In  the  present  method,  neither  the  amount 
of  permanganate  nor  the  time  of  reaction  need  be  considered  as 
fixed — for  example,  the  beet  extract  was  so  intensely  colored  that 
5  ml.  of  permanganate  were  used  instead  of  the  usual  2  ml.  The 
other  objection,  interference  of  excess  peroxide  with  the  hydro¬ 
sulfite  blank,  is  overcome  by  the  circumstance  that  any  excess 
peroxide  is  completely  destroyed  by  the  large  amount  of  hydro¬ 
sulfite  used  in  the  first  stage  of  the  double  reduction. 

The  incorporation  of  the  recovery  step  provides  a  check  on 
possible  destruction  of  riboflavin  by  permanganate.  This  occurs 
only  when  excessive  quantities  of  permanganate  are  used  and  is 
an  unusual  event.  Occasionally  a  precipitate  will  form  upon  the 
addition  of  the  permanganate  solution.  Often  this  precipitate 
will  dissolve  again  as  the  peroxide  solution  is  added.  If  a  sig¬ 
nificant  precipitate  remains,  it  should  be  filtered  off;  however,  if 
it  is  only  a  slight  haze,  filtration  is  not  necessary.  Hodson  and 
Norris  {11)  have  reported  (and  the  authors  can  confirm)  that  a 
faint  cloudiness  does  not  interfere  seriously  with  the  fluoro¬ 
metric  measurements. 

Swaminathan  {22)  has  criticized  the  usefulness  of  the  double 
reduction  procedure,  as  originally  presented  by  Hodson  and 
Norris.  Without  offering  any  supporting  experimental  evidence, 


he  states  that  “repeated  attempts  by  the  author  to  use  their 
technique  have  not  proved  successful,  since  it  was  found  that  the 
interfering  blue  fluorescent  materials  behaved  in  the  same  man¬ 
ner  as  riboflavin”.  Careful  examination  of  his  paper  does  not 
reveal  reference  to  the  use  of  a  filter  between  the  cuvette  and  the 
photocell.  The  absence  of  a  fluorescent  fight  filter  would  lead  to 
the  measurement  of  nonspecific  fluorescence.  Modern  fluorom- 
eters  are  provided  with  a  filter  which  absorbs  wave  lengths  lower 
than  the  yellowish-green  fluorescence  of  riboflavin.  Swamina- 
than’s  criticism  therefore  does  not  apply  to  the  present  method. 


SUMMARY 

The  fluorometric  method  of  Hodson  and  Norris  for  the  de¬ 
termination  of  riboflavin  has  been  adapted  to  low-potency  prod¬ 
ucts.  Interfering  colored  pigments  occurring  in  some  of  the 
products  have  been  eliminated  or  reduced  by  the  use  of  a  con¬ 
trolled  permanganate  oxidation  treatment,  which  also  includes  a 
recovery  step.  Results  by  this  method  showed  better  agreement 
with  the  microbiological  assay  than  did  results  by  fluorometric 
procedures  employing  Florisil  adsorption. 
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ADDENDUM 

After  this  paper  had  been  submitted  for  publication,  Daniel 
and  Norris  (7)  presented  comparative  fluorometric  and  micro¬ 
biological  data  on  the  riboflavin  content  of  milk  and  milk  prod¬ 
ucts,  utilizing  a  modification  of  the  Hodson  and  Norris  method 
which  is  similar  to  that  described  here.  Daniel  and  Norris  like¬ 
wise  obtained  very  satisfactory  agreement  between  the  two  types 
of  assays. 
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Modified  Methyl  Yellow  Indicator 

For  Direct  Titration  of  Sodium  Carbonate 

WALTER  R.  CARMODY,  Boston  College,  Chestnut  Hill,  Mass. 


THE  peculiar  difficulties  associated  with  the  titration  of  so¬ 
dium  carbonate  with  hydrochloric  acid  are  due  in  the  main 
to  the  pronounced  buffer  effect  of  the  solution  on  either  side  of 
the  end  point.  This  buffer  effect  decreases  markedly  the  re¬ 
sponse  of  the  indicator  to  additions  of  acid,  which  correspond¬ 
ingly  decreases  the  precision  with  which  one  may  determine  the  end 
point.  The  end  point  occurs  in  the  middle  of  a  “transformation 
interval”  throughout  which  the  color  change  is  gradual  and, 
consequently,  is  not  distinguished  by  a  sudden  change  in  color 
and  may  not  possess  a  distinctive  hue  that  may  be  reproduced 
precisely  without  comparison  with  a  standard  of  reference. 

Although  the  use  of  modified  indicators  apparently  has  not 
become  common  practice,  it  has  long  been  known  (4,  5,  7)  that 
more  satisfactory  results  may  often  be  obtained  with  such  an  in¬ 
dicator.  The  modified  indicator  possesses  two  advantages.  In 
the  first  place  the  modifying  colored  substance  may  filter  out  a 
portion  of  those  wave  lengths  that  are  not  appreciably  absorbed 
by  either  the  acid  form  or  the  base  form  of  the  indicator.  Thus, 
the  change  occurring  at  the  end  point  is  made  more  apparent  to 
the  eye.  Again,  the  possibilities  of  varying  the  relative  amounts 
of  indicator  and  modifying  substance  permit  production  of  an 
indicator  that  at  the  end  point  may  have  a  distinctive  or  familiar 
hue  which  may  be  more  easily  reproducible  than  that  resulting 
from  the  indicator  alone. 

Several  modified  ( 2 ,  8)  or  mixed  (3)  indicators  have  been  sug¬ 
gested  for  use  with  the  titration  of  sodium  carbonate.  The  au¬ 
thor’s  only  justification  for  suggesting  another  is  that  he  has 
found  the  one  herein  described  more  satisfactory  for  precise  work. 

As  indicator  for  this  work  methyl  yellow  was  selected  rather 
than  the  more  commonly  used  methyl  orange  because  the  former 
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Figure  1.  Absorption  Curves  for  Methyl  Orange,  Methyl 
Yellow,  and  Methylene  Blue 


was  found  to  give  more  easily  determinable  color  changes  at  the 
end  point.  Absorption  curves  for  the  two  forms  of  methyl  orange 
and  methyl  yellow  and  for  methylene  blue  are  shown  in  Figure  1 . 
Data  for  the  curves  were  obtained  with  a  Coleman  Universal 
spectrophotometer.  Those  marked  methyl  yellow  (acid)  and 
methyl  orange  (acid)  were  obtained  in  solutions  buffered  at  pH 
2.2;  those  marked  methyl  yellow  (base),  methyl  orange  (base), 
and  methylene  blue,  in  solutions  buffered  at  pH  7.0.  These 
curves  compare  favorably  with  those  obtained  by  Mellon  and 
Fortune  ( 6 ) ;  however,  they  are  presented  here  only  for  compara¬ 
tive  purposes. 

A  comparison  of  the  curves  in  Figure  1  indicates  the  superi¬ 
ority  of  methyl  yellow  over  methyl  orange  and  the  suitability  of 
using  methylene  blue  as  a  color-modifying  substance.  Methyl¬ 
ene  blue  has  been  found  satisfactorily  to  modify  such  yellow-red 
indicators  as  methyl  red  ( 2 ,  5)  and  neutral  red  ( 5 ),  while  Kolt- 
hoff  ( 5 )  has  reported  that  equal  parts  of  methylene  blue  and 
methyl  yellow  produce  an  excellent  indicator  with  transforma¬ 
tion  point  3.3. 

EXPERIMENTAL 

Transformation  point  and  sensitivity  were  investigated  on 
mixtures  of  alcoholic  solutions  of  methylene  blue  and  methyl 
yellow  of  varying  proportions  and  concentrations.  These  were 
made  using  buffer  solutions  and  with  carbon  dioxide-saturated 
solutions  of  0.25  N  and  0.10  N  sodium  chloride.  These  mix¬ 
tures  are  identical  with  those  obtained  when  0.5  N  and  0.2  N 
hydrochloric  acid,  respectively,  constitutes  the  titrating  acid  and 
an  equivalent  quantity  of  sodium  carbonate  is  dissolved  in  a 
volume  of  water  equal  to  that  of  the  acid  to  be  used  for  the  ti¬ 
tration.  A  proportion  of  20  parts  of  methyl  yellow  to  one  part 
of  methylene  blue  was  found  to  yield  an  indicator  with  a  sensi¬ 
tive  transformation  point  at  the  equivalence  point  of  the  titra¬ 
tion  of  sodium  carbonate  with  0.2  N  hydrochloric  acid  at  20°  C. 
This  same  proportion  may  be  used  for  titrations  involving  0.5  N 
acid,  since  the  difference  in  the  end  point  in  terms  of  0.5  N 
acid  represents  less  than  0.01%  of  the  volume  of  the  acid  con¬ 
sumed  in  the  titration.  In  alkaline  solution  the  modified  indi¬ 
cator  yields  a  yellow-green  hue;  as  the  end  point  is  approached 
this  changes  to  a  straw  color,  then  to  a  sunburned  straw,  and 
finally  to  a  pink  straw  at  the  end  point.  A  concentration  of  0.8 
gram  of  methyl  yellow  and  0.04  gram  of  methylene  blue  per  liter 
of  alcohol  was  found  to  be  suitable.  Approximately  0.1  ml.  of 
this  mixture  is  used  per  100  ml.  of  solution  contained  in  the  ti¬ 
tration  flask  at  the  end  point.  The  end  point  is  taken  as  the 
point  at  which  the  first  trace  of  pink  is  observed  in  the  solution. 

During  the  course  of  this  work  it  was  noted  that  the  methyl 
yellow  indicator  fades  rapidly  in  alkaline  solution.  The  effect  of 
this  upon  the  end  point  is  appreciable  if  the  indicator  is  added 
before  the  titration  is  started.  This  effect  may  be  eliminated  by 
deferring  addition  of  the  indicator  until  the  titration  is  more  than 
half  completed. 

To  determine  the  precision  obtainable  when  the  mixed  indica¬ 
tor  described  above  is  used,  several  100-ml.  portions  of  0.1  N  solu¬ 
tion  of  sodium  chloride  were  kept  saturated  with  carbon  dioxide 
at  20°  C.  and  titrated  back  and  forth  with  standard  acid  and  base 
from  the  basic  side  to  the  first  appearance  of  pink  in  the  solution. 
The  results  obtained  indicated  that  as  far  as  the  sensitivity  of  the 
indicator  is  concerned  the  precision  obtainable  is  0.04%  with 
0.2  N  acid  and  0.02%  with  0.5  N  acid.  This  indicates  the  possi¬ 
bility  of  obtaining  a  precision  better  than  that  obtained  pre¬ 
viously  by  the  direct  method.  To  test  the  indicator  adequately, 
therefore,  it  was  necessary  to  use  methods  which  would  ensure 
a  precision  of  at  least  1  part  in  5000. 


141 


142 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  17,  No.  3 


Table  I.  Corrections  for  Carbon  Dioxide  Unsaturation  and  for 
Temperature  Deviations 

Normality  of  HC1 


0.2 

Unsaturation  correction,  ml.  of  HC1  —0.02 

Correction  for  temperature  deviation,  HC1  %  per  0  C.  —0.01 


0.5 

0.00 

-0.004 


Table  II.  Direct  Titration  of  Sodium  Carbonate  with  Hydrochloric 
Acid,  Using  Modified  Methyl  Yellow  Indicator 


Hun 


1 

2 

3 

4 

5 


(Hydrochloric  acid,  prepared  concentration,  0.2113) 

Equivalent  of  HC1 

Weight  of  NasCO«  Weight  of  Acid  per  1000  Grams 
Gram  Grams 


0.7004  62.53  0.2113 
0.5024  44.88  0.2112 
0.6189  55.27  0.2113 
0.6621  59.12  0.2113 
0.5628  50.27  0.2112 


Deviations  common  to  the  direct  titration  of  sodium  carbon¬ 
ate  are  those  ordinarily  associated  with  the  use  of  volume  burets, 
those  caused  by  the  fact  that  the  end-point  solution  may  not  be 
saturated  with  carbon  dioxide  at  atmospheric  pressure,  and  those 
caused  by  the  variation  of  the  end-point  color  with  temperature. 

To  ensure  a  suitable  precision  in  mechanical  operations  weight 
burets  were  used.  The  values  of  “unsaturation  correction”  and 
the  correction  for  the  deviation  of  the  end-point  color  with  tem¬ 
perature  were  determined  for  a  particular  set  of  titration  condi¬ 
tions.  Under  the  conditions  specified  and  over  a  wide  range  of 
sample  size  and  titration  speed,  the  “unsaturation  correction” 
was  nil  when  0.5  N  hydrochloric  acid  was  used  and  remarkably 
constant  and  reproducible  when  0.2  N  acid  was  used.  The  cor¬ 


rection  for  temperature  deviations  from  20°  is  not  large  but  be¬ 
comes  significant  when  temperature  variations  as  large  as  5°  or 
6°  are  encountered.  Results  are  summarized  in  Table  I.  The 
titration  vessel  was  a  250-ml.  wide-mouthed  titrating  flask.  The 
sample  was  dissolved  in  a  volume  of  water  approximating  that  of 
the  acid  required  for  the  titration.  The  indicator  was  added  when 
the  titration  was  more  than  half  completed. 

The  direct  titration  of  samples  of  sodium  carbonate  was  car¬ 
ried  out  under  the  specified  conditions.  The  hydrochloric  acid 
was  made  up  from  constant-boiling  acid  prepared  by  the  method 
of  Foulk  and  Hollingsworth  ( 1 ).  The  sodium  carbonate  was 
“volumetric  standard”  material  obtained  from  a  well-known 
firm.  The  factor  of  purity  of  this  salt  was  determined  by  com¬ 
parison  with  standard  hydrochloric  acid  by  the  indirect  method. 
Results  of  the  direct  titration  are  given  in  Table  II.  The  weights 
of  sodium  carbonate  shown  have  been  corrected  for  the  factor  of 
purity  (0.9998)  and  the  weights  of  hydrochloric  acid  have  been 
corrected  for  carbon  dioxide  “unsaturation”  and  for  deviations 
of  the  temperature  of  the  end-point  solution  from  20°  C.  The 
results  indicate  that  the  modified  methyl  yellow  indicator  is  suit¬ 
able  for  precise  titration  of  sodium  carbonate  with  0.2  N  hydro¬ 
chloric  acid. 
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Application  of  Colorimetry  to  the  Analysis  of 
Corrosion-Resistant  Steels 

Photoelectric  Determination  of  Titanium 

OSCAR  MILNER,  KENNETH  L.  PROCTOR,  and  SIDNEY  WEINBERG 
Industrial  Test  Laboratory,  United  States  Navy  Yard,  Philadelphia,  Pa. 


A  method  using  hydrogen  peroxide  for  the  determination  of  traces 
of  titanium  in  corrosion-resistant  steel  has  been  developed  and 
adapted  to  the  photoelectric  colorimeter.  Titanium  cannot  be 
completely  separated  from  large  amounts  of  iron,  chromium,  and 
nickel  by  the  use  of  a  single  cupferron  precipitation.  A  spectro- 

DURING  the  past  year  this  laboratory  has  conducted  an  ex¬ 
tensive  investigation  of  methods  for  the  determination  of 
residual  elements  in  corrosion-resistant  steels.  As  a  result,  a 
number  of  accurate  and  precise  colorimetric  methods  have  been 
developed  for  the  determination  of  certain  elements  at  low  re¬ 
sidual  levels. 

This  publication  represents  the  first  of  these  methods.  Others 
will  be  presented  later,  as  sufficient  analytical  data  become  avail¬ 
able. 

PHOTOELECTRIC  DETERMINATION  OF  TITANIUM 

Small  amounts  of  titanium  are  commonly  determined  by  the 
colorimetric  procedure  using  hydrogen  peroxide.  In  this  proce¬ 
dure,  the  titanium  is  separated  from  interfering  elements  and 
isolated  in  a  sulfuric  acid  solution.  Hydrogen  peroxide  is  then 
added,  and  the  resultant  color  is  matched  by  a  blank  to  which 


photometric  study  suggests  that  the  effect  of  these  interferences 
can  best  be  overcome  by  a  compensating  blank  reading.  Molyb¬ 
denum  and  vanadium  are  removed  by  the  use  of  sodium  peroxide. 
The  procedure  is  outlined  in  detail  and  the  validity  of  the  method 
is  established  by  the  analysis  of  samples  of  known  titanium  content. 

standard  titanium  solution  is  added.  The  method  is  subject  to 
personal  error  in  the  comparison,  especially  if  the  titanium  con¬ 
tent  is  high,  and  is  limited  to  solutions  containing  not  more  than 
0.1  mg.  of  titanium  per  ml.  (3).  It  often  requires  the  addition 
of  impurities  to  the  comparison  solution  to  compensate  for  inter¬ 
ferences  remaining  in  the  unknown.  Methods  for  the  application 
of  the  colorimetric  comparison  to  the  determination  of  titanium 
in  steel  have  been  published  previously  (S,  6,  7,  9). 

It  has  recently  become  necessary  to  determine  titanium  in 
steels  containing  as  little  as  0.001%  of  this  element.  These  steels 
are  frequently  of  the  19%  chromium-9%  nickel  and  25%  chro¬ 
mium-20  %  nickel  types.  This  has  made  desirable  the  develop¬ 
ment  of  a  more  accurate  and  precise  method  of  estimating  the  ti¬ 
tanium  color. 

The  photoelectric  colorimeter  has  been  used  for  the  determina¬ 
tion  of  titanium,  but  application  to  the  analysis  of  corrosion- 
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resistant  steel  has  been  limited.  Bendig  and  Hirschmiiller  (1), 
in  their  study  of  the  photoelectric  measurement  of  the  titanium 
complex,  considered  the  interfering  effect  of  ferric  ion  only.  The 
method  of  Sokolova  ( 8 )  for  the  photoelectric  determination  of 
titanium  was  not  applicable  to  steels  high  in  chromium.  Chemi¬ 
cal  separation  of  the  interfering  elements  is  not  entirely  satis¬ 
factory,  since  significant  amounts  of  impurities  may  remain,  espe¬ 
cially  in  highly  alloyed  corrosion-resistant  steels.  It  has  been 
suggested  that  the  effect  of  residual  interferences  be  nullified  by 
setting  the  zero  point  of  the  colorimeter  on  a  companion  sample 
run  simultaneously  {12).  This  has  the  disadvantage  of  ne¬ 
cessitating  two  determinations,  as  well  as  presupposing  equal 
interference  in  both  cases.  Kenigstul  {5)  has  determined  ti¬ 
tanium  in  cast  iron,  without  preliminary  separations,  by  setting 
the  blank  with  a  portion  of  the  solution  prior  to  the  peroxidation. 
However,  the  effect  of  molybdenum  and  vanadium,  which  react 
with  hydrogen  peroxide,  was  not  discussed.  Boyer  ( 2 )  has  used 
a  similar  direct  method  for  the  analysis  of  titanium-bearing 
corrosion-resistant  steel,  but  vanadium  and  columbium  inter¬ 
fere  to  varying  degrees.  The  authors  have  found  the  method  un¬ 
satisfactory  for  extremely  low  percentages  of  titanium.  Thomas 
{10)  has  separated  chromium  by  volatilization  as  chromyl  chlo¬ 
ride,  but  the  procedure  has  disadvantages  similar  to  those  of 
Boyer’s  method. 

In  the  proposed  method,  most  of  the  interferences  are  removed 
by  preliminary  separations.  Remaining  impurities  are  stabilized 
to  ensure  reaction  of  only  titanium  upon  the  addition  of  hydrogen 
peroxide.  The  principle  of  a  compensating  blank  colorimeter 
reading  is  then  utilized  for  the  photoelectric  measurement  of  the 
titanium  color. 

EXPERIMENTAL 

Portions  of  a  standard  titanium  sulfate  solution,  prepared  from 
recrystallized  potassium  titanium  oxalate  {11)  and  containing 
the  equivalent  of  0.05  to  2.5  mg.  of  titanium  per  100  ml.  of  solu¬ 
tion,  were  treated  with  sulfuric  acid  and  hydrogen  peroxide. 
The  resultant  color  was  measured  in  a  Klett-Summerson  (test- 
tube  model)  photoelectric  colorimeter,  which  has  a  logarithmic 
scale.  A  Klett-Summerson  No.  42  (blue)  filter  was  used.  The 
scale  readings  were  found  to  be  directly  proportional  to  the  ti¬ 
tanium  content,  showing  that  Beer’s  law  applied  within  the  con¬ 
centration  range  under  consideration. 

Titanium-free  high-chromium  high-nickel  steels,  containing 
measured  amounts  of  the  above  titanium  solution,  were  then 
analyzed.  Cupferron  was  used  to  separate  the  titanium,  and 
the  peroxide  color  was  developed  in  sulfuric  acid  solution  (8). 
The  method  was  modified  by  the  use  of  a  solvent  mixture  of  hy¬ 
drochloric  and  sulfuric  acids,  instead  of  dilute  sulfuric  acid,  to 
facilitate  the  solution  of  high-alloy  steels.  This  was  followed  by 
evaporation  to  dehydrate  the  silica,  thus  permitting  the  use  of 
larger  samples  without  retarding  the  filtration  of  the  cupferron 
precipitate.  The  moist  precipitates  were  digested  with  a  mixture 
of  nitric,  perchloric,  and  sulfuric  acids  and  evaporated  to  fumes 
of  sulfuric  acid,  instead  of  being  ignited  and  fused  with  potassium 
pyrosulfate.  Vanadium  and  molybdenum  were  removed  by  so¬ 
dium  peroxide  separation  {6).  Measurement  of  the  final  color 
photocolorimetrically  gave  high  and  erratic  results.  Investiga¬ 
tion  disclosed  that  the  solutions,  prior  to  the  addition  of  the  hy¬ 
drogen  peroxide,  gave  positive  readings  compared  to  a  sulfuric 
acid-hydrogen  peroxide  blank.  Qualitative  tests  proved  the 
presence  of  chromium,  nickel,  and  iron. 

In  order  to  determine  the  extent  of  interference  by  these  ele¬ 
ments,  a  dilute  sulfuric  acid  solution  (approximately  4  N)  con¬ 
taining  5  mg.  of  peroxidized  titanium  per  100  ml.  of  solution  was 
prepared.  Similar  solutions  of  Cr+++,  Ni++,  and  Fe+++  were 
prepared,  and  the  transmission  of  each  was  measured  by  a  Gen¬ 
eral  Electric  recording  spectrophotometer  set  for  a  spectral 
band  width  of  10  millimicrons.  Examination  of  the  curves 
(Figure  1)  showed  that  there  was  considerable  absorption  by 
Cr+++,  Ni++,  and  Fe+++  in  the  region  below  440  millimicrons 
(No.  42  filter).  Between  480  and  500  millimicrons,  the  absorp¬ 
tion  by  Ni++  and  Fe+++  was  almost  negligible,  but  that  of  Cr++  + 
remained  appreciable.  There  was  also  a  considerable  decrease 
in  absorption  by  titanium  complex  at  the  higher  wave  length. 
For  these  reasons,  it  was  believed  that  attempts  to  eliminate  the 
interference  by  use  of  a  filter  having  a  mean  transmission  of 
about  490  millimicrons  would  prove  unsuccessful.  This  was 


Figure  1.  Transmission  Curves  of  Nickel,  Ferric,  Chromic 
Sulfates,  and  Titanium  Complex 


confirmed  by  several  determinations.  Accordingly,  all  subse¬ 
quent  measurements  were  made  in  the  region  of  maximum  ti¬ 
tanium  sensitivity. 

It  was  decided  to  use  the  compensation  method  of  correcting 
for  the  interferences.  This  required  an  initial  colorimeter  reading 
before  the  peroxide  addition  to  measure  the  absorption  caused 
by  residual  impurities.  Since  the  chromium  was  present  as 
Cr2C>7  prior  to  the  peroxidation,  this  could  not  be  done  di¬ 
rectly.  The  chromium  was  therefore  first  reduced  with  sulfurous 
acid,  the  excess  sulfur  dioxide  removed  by  boiling,  and  the  fer¬ 
rous  ion  reoxidized  with  nitric  acid.  This  treatment  stabilized 
the  interfering  colors,  and  the  initial  reading  was  taken.  After 
development  of  the  titanium  color,  a  second  reading  was  taken. 
The  titanium  absorption  was  represented  by  the  difference  be¬ 
tween  the  two  readings.  The  actual  percentage  present  was 
calculated  from  the  conversion  factor  predetermined  for  the 
instrument.  The  results  of  the  analysis  of  steels  of  known  ti¬ 
tanium  content  are  given  in  Table  I. 

In  order  to  determine  the  extent  to  which  molybdenum  and 
vanadium  would  interfere  in  the  colorimetric  measurement  of 
titanium  if  the  sodium  peroxide  separation  were  omitted,  samples 
containing  varying  percentages  of  these  elements  were  analyzed. 
The  results  of  this  series  of  determinations  are  given  in  Table  II. 


REAGENTS 

Solvent  Acid  Mixture.  Dilute  310  ml.  of  concentrated 
hydrochloric  acid  with  595  ml.  of  water.  Stir  continuously  while 
adding  95  ml.  of  concentrated  sulfuric  acid. 

Cupferron  Solution.  Dissolve  6  grams  of  cupferron  (am¬ 
monium  salt  of  N-nitroso-N-phenylhydroxylamine)  in  100  ml. 
of  water.  The  solution  should  be  freshly  prepared  and  filtered 
before  using.  To  prevent  decomposition  of  the  solid  reagent, 
keep  a  small  sack  of  lump  ammonium  carbonate  in  the  container. 

Sodium  Hydroxide  Solution  (25%).  Dissolve  250  grams  of 
sodium  hydroxide  in  water  and  dilute  to  1  liter. 

Standard  Titanium  Solution.  Transfer  3.68  grams  of  po¬ 
tassium  titanium  oxalate  [K2Ti0(C204)  ,2H20] ,  which  has  been 
purified  by  recrystallizing  the  salt  once  from  water  and  drying  at 
room  temperature  for  several  days,  to  a  500-ml.  Kjeldahl  flask. 
Add  8  grams  of  ammonium  sulfate  and  treat  with  100  ml.  of  con¬ 
centrated  sulfuric  acid.  Gradually  heat  to  boiling  and  boil  for  5 
to  10  minutes.  Cool  somewhat,  dilute  to  800  ml.,  and  transfer 
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Table  I.  Determination  of  Titanium  in  National  Bureau  of  Standards  and  Laboratory 

Standard  Samples 


Sample 

Ti 

Present 

Ti 

Added 

Ri 

Ri 

R 

Ti 

Found 

Deviation 

N.B.S.  55a  (ingot  iron) 

% 

6 

%° 

0.000 

18 

19 

1 

% 

0.000 

% 

0.000* 

0.010 

24 

63 

39 

0.010 

±6!  ooo 

0.000* 

0.020 

28 

108 

80 

0.021 

+  0.001 

N.B.S.  135  (5.2%  Cr-0.6%  Mo) 

b 

0.000 

17 

21 

4 

0.001 

0.001* 

0.005 

24 

49 

25 

0.006 

±6.’6oo 

N.B.S.  133  (13.6%  Cr-0.6%  Mo) 

b 

0.000 

24 

25 

1 

0.000 

0.000* 

0.005 

23 

39 

16 

0.004 

-6!  ooi 

0.000* 

0.021 

42 

124 

82 

0.021 

±0.000 

N.B.S.  101b  (18.5%  Cr-9.0%  Ni) 

b 

0.000 

29 

30 

1 

0.000 

0.000* 

0.020 

53 

131 

78 

0.020 

±d.ooo 

0.000* 

0.050 

44 

236 

192 

0.050 

±0.000 

N.B.S.  121  (17.8%  Cr-9.0%  Ni)<* 

0.39 

12 

159 

147 

0.39 

±0.00 

N.B.S.  121a  (18.7%  Cr-10.6%  Ni)<* 

0.35 

14 

146 

132 

0.35 

±0.00 

N.B.S.  107  (Cast  iron-0.7%  Mo) 

0.037 

19 

161 

142 

0.037 

±0.00 

N.B.S.  115  (Cast  iron-15. 9%  Ni) 

0.021 

49 

142 

93 

0.024 

+  0.0003 

Laboratory  standard  24/19  (24.1% 

Cr— 19.2%  Ni) 

b 

0.000 

24 

29 

5 

0.001 

0.001* 

0.005 

25 

47 

22 

0.006 

±0.000 

0.001* 

0.010 

22 

63 

41 

0.011 

±0.000 

0.001* 

0.025 

28 

126 

98 

0.025 

-0.001 

0.001' 

0.040 

29 

176 

147 

0.039 

-0.002 

a  Added  as  Ti2(S04)3. 
b  Unknown. 

c  Found  experimentally. 
4  0.5-gram  sample  taken. 


Av.  deviation  =±=0.0006 


Table  II.  Effect  of  Omitting  Sodium  Peroxide  Separation 

Ti  Ti  Devia- 

Presenta  Found  tion 

%  %  % 

0.000  0.001  +0.001 

0.000  0.002  +0.002 

0.001  0.002  +0.001 

0.000  0.001  +0.001 

0.000  0.000  ±0.000 

0.000  0.004  +0.004 

0.000  0.002  +0.002 


been  added,  rinse,  and  wash  with  di¬ 
luted  ammonium  hydroxide  (1  to  99) 
until  the  washings  are  colorless.  Re¬ 
turn  the  paper  and  precipitate  to  the 
original  beaker,  add  15  ml.  of  nitric 
acid,  then  15  ml.  of  sulfuric  acid  and 
5  ml.  of  perchloric  acid.  Destroy  the 
organic  matter  as  before,  evaporating 
to  strong  fumes  of  sulfuric  acid.  Cool, 
dilute  with  75  ml.  of  water,  and  warm 
until  soluble  salts  are  dissolved.  Cool 
somewhat,  add  3  ml.  of  sulfurous  acid 
(6%),  and  boil  for  5  minutes  to  expel 
excess  sulfur  dioxide.  Add  10  drops  of 
nitric  acid  to  the  boiling  solution  and 
continue  the  boiling  for  a  minute  or 
two  longer.  Allow  to  cool  to  room 
temperature. 

Filter  the  solution  into  a  100-ml. 
Nessler  tube  or  volumetric  flask  and 
adjust  the  volume  to  the  mark  with 
water.  Mix  well,  and  transfer  a  10-ml. 
portion  to  a  photoelectric  colorimeter 
test  tube  (approximately  12.5  mm.  in 
internal  diameter)  which  has  been 
rinsed  with  a  little  of  the  solution  to  be 
read.  Read  the  absorption  of  the  solu¬ 
tion,  using  a  filter  with  mean  transmis¬ 
sion  at  420  millimicrons.  (A  distilled 
water  blank  is  satisfactory  for  the 
adjustment  of  the  zero  point  of  the 
colorimeter.)  Add  3  drops  of  hydrogen 
peroxide  (3%) ,  mix  well,  and  again  read.  The  difference  between 
the  two  readings  represents  the  absorption  of  the  titanium 
solution.  The  percentage  present  is  determined  from  a  conversion 
factor  calculated  for  the  instrument  by  the  use  of  portions  of 
standard  titanium  solution. 

Note.  In  the  absence  of  molybdenum  or  vanadium  the  sepa¬ 
ration  with  sodium  peroxide  may  be  omitted.  In  that  event,  di¬ 
gest  the  cupferron  precipitate  with  25  ml.  of  nitric  acid,  15  ml.  of 
sulfuric  acid,  and  10  ml.  of  perchloric  acid.  After  evaporation 
to  strong  fumes  of  sulfuric  acid,  proceed  with  the  solution  of 
soluble  salts  and  treatment  with  sulfurous  acid. 

CONCLUSION 


Sample 


N.B.S.  73a 

N.B.S.  101b 

Laboratory  standard 
24/19 

Laboratory  standard 
2-72/3-S5 

Laboratory  standard 
1-72/4-55 

Laboratory  standard 
T-3037 

Synthetic  standard, ) 
2.5  grams  T-3037  i 
+  2.5  grams  55a  J 


Mo 


V 


Present  Present 


% 

% 

0.07 

0.08 

0.03 

0.05 

0.04 

0.04 

0.09 

0.00 

0.04 

0.00 

0.01 

0.08 

0.005 

0.04 

“  As  determined  by  procedure  given  using  separation  for  molybdenum  and 
vanadium. 


to  a  1000-ml.  volumetric  flask.  Dilute  to  the  mark  and  filter  into 
a  glass-stoppered  bottle.  Each  milliliter  of  the  solution  will  con¬ 
tain  approximately  0.5  mg.  of  titanium.  Check  the  strength  of 
the  solution  by  taking  several  100-ml.  portions,  diluting  to  250 
ml.,  boiling,  and  precipitating  with  ammonium  hydroxide  and 
boiling  for  a  minute.  Filter,  swab,  and  rinse  well  with  hot  water. 
Ignite  and  weigh  as  Ti02. 

METHOD 

Dissolve  a  5-gram  sample  (for  a  titanium  content  of  less  than 
0.05%),  in  80  ml.  of  solvent  acid  mixture  in  a  250-ml.  beaker  by 
warming  gently.  Evaporate  almost  to  dryness,  but  do  not  bake. 
(Bringing  to  low  volume  on  the  hot  plate,  with  the  use  of  a  sand 
bath  toward  the  end  of  the  evaporation  to  avoid  spattering,  is 
rapid  and  effective.)  Dilute  to  150  ml.  with  hot  water  and  stir 
until  soluble  salts  are  dissolved.  Cool  in  a  running  water  bath 
to  below  room  temperature. 

Add  a  ball  of  filter  paper  pulp  about  1.25  cm.  (0.5  in.)  in  diam¬ 
eter,  stir  well,  then  add  cooled  cupferron  solution  dropwise,  with 
constant  stirring,  until  the  precipitate  assumes  a  deep  reddish- 
brown  color  (3  to  5  ml.  are  generally  required).  Stir  for  2  or  3 
minutes  and  allow  to  settle  in  the  water  bath  for  a  few  minutes. 

Filter  on  a  fine  filter  paper  containing  about  half  the  above 
amount  of  paper  pulp,  rinse  several  times,  and  wash  10  times  with 
cold  diluted  sulfuric  acid  (5  to  96).  Transfer  the  paper  and  the 
precipitate  to  the  original  beaker,  add  25  ml.  of  concentrated 
nitric  acid,  then  10  ml.  of  concentrated  sulfuric  acid  and  10  ml. 
of  perchloric  acid  (70%).  Destroy  the  organic  matter  by 
evaporating  to  fumes  of  sulfuric  acid.  Cool,  cautiously  dilute  to 
75  ml.,  and  warm  to  dissolve  soluble  salts.  Cool,  and  add  so¬ 
dium  hydroxide  solution  (25%)  until  the  solution  is  just  alkaline. 
Add  0.5  gram  of  sodium  peroxide  in  small  portions,  stirring  vigor¬ 
ously  after  each  addition.  When  the  reaction  has  subsided,  heat 
to  boiling  and  continue  to  boil  for  at  least  10  minutes. 

Filter  through  a  coarse  filter  paper  to  which  a  little  pulp  has 


Titanium  cannot  be  completely  separated  from  traces  of  iron, 
chromium,  and  nickel  by  a  single  precipitation  with  cupferron. 
The  use  of  a  blank  correction  for  alloys  of  the  same  type  is  not 
valid  since,  as  it  is  observed  from  the  initial  colorimeter  readings 
in  Table  I,  the  blank  reading  caused  by  the  presence  of  impurities 
varies  even  for  separate  samples  of  the  same  alloy.  This  varia¬ 
tion  appears  to  be  governed  by  the  speed  of  the  cupferron  addi¬ 
tion  and  the  excess  added,  as  well  as  the  degree  of  air-oxidation  of 
ferrous  iron.  When  the  value  of  the  blank  for  each  individual 
sample  is  determined  and  subtracted  from  the  final  reading,  the 
results  are  in  excellent  agreement  with  the  true  values,  the  aver¬ 
age  deviation  being  less  than  0.001%. 

In  the  absence  of  molybdenum  over  0.05%,  the  maximum  error 
introduced  by  omitting  the  sodium  peroxide  separation  is  0.001%. 
Traces  of  vanadium  have  a  greater  effect  and  should  be  removed, 
unless  the  accuracy  desired  permits  eliminating  the  additional 
step.  Manganese,  silicon,  copper,  tungsten,  zirconium,  alumi¬ 
num,  and  tin  are  either  removed  during  the  course  of  analysis  or 
form  no  interfering  color.  Columbium  interferes,  apparently  by 
the  formation  of  a  compound  with  ferric  iron  upon  the  addition 
of  hydrogen  peroxide.  If  columbium  is  present,  the  procedure  is 
modified  to  remove  the  iron  by  the  ammoniacal  tartrate-hydro¬ 
gen  sulfide  precipitation  recommended  by  Cunningham  U); 
this  is  best  done  following  the  final  destruction  of  organic  matter. 
After  removal  of  the  excess  hydrogen  sulfide,  the  titanium  is  re¬ 
precipitated  with  cupferron,  digested  with  the  nitric-perchloric- 
sulfuric  acid  mixture,  and  completed  as  in  the  regular  procedure. 

Titanium  forms  certain  compounds  which  are  insoluble  in  the 
original  solvent  acid  mixture.  These  are  filtered  with  the  cup¬ 
ferron  precipitate  and  are  decomposed  upon  being  fumed  with 
the  nitric-perchloric-sulfuric  mixture.  This  decomposition  has 
been  found  to  be  complete  in  all  types  of  steels  encountered  by 
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the  authors,  no  titanium  being  recovered  from  potassium  pyro- 
sulfate  fusions  of  the  ignited  residues. 

Steels  of  titanium  content  higher  than  0.05%  may  be  analyzed 
by  the  method  outlined,  using  proportionately  smaller  samples. 
The  method  may  also  be  used  for  cast  iron,  as  well  as  steel  of 
various  alloy  composition. 
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Quantitative  Spectrographic  Method  for  Analysis  of 

Small  Samples  of  Powders 

ELMORE  J.  FITZ  and  WILLIAM  M.  MURRAY 
General  Electric  Co.,  Pittsfield,  Mass. 


A  method  is  described  for  the  quantitative  spectrographic  analysis 
of  inorganic  substances  using  only  0.1  to  1 .0  mg.  of  powdered 
sample.  When  applied  to  such  small  samples,  the  method  gives 
sufficient  accuracy  for  many  purposes,  and  the  saving  in  time  is 
considerable.  Calibration  curves  have  been  prepared  for  ten  ele¬ 
ments  and  it  should  be  possible  to  extend  this  number  to  include 
most  of  the  comnfton  elements  which  are  excited  in  the  direct  current 
arc.  The  technique  has  been  found  satisfactory  for  complex  rocks, 
slags,  refractories,  corrosion  products,  boiler  scale,  ash  from  ignition 
of  organic  materials,  and  various  small  samples  of  inorganic  non- 
metallic  powders. 


THE  development  of  the  technique  described  was  prompted 
I  by  the  need  of  a  rapid  method  for  the  quantitative  analysis 
of  minute  samples  of  inorganic  powders  such  as  corrosion  prod¬ 
ucts,  nonmetallic  inclusions,  and  ash  from  organic  materials. 
It  has  been  the  authors’  experience  that  the  usual  quantitative 
microchemical  analysis  of  such  materials  is  tedious  and  discour¬ 
aging.  A  powder  method  employing  a  ball  mill  for  mixing  the 
I  samples  has  recently  been  described  by  Oshry,  Ballard,  and 
1  Schrenk  (3).  The  common  desire  to  secure  speed  at  the  expense 
of  accuracy  led  to  the  present  method,  which  eliminates  several 
of  the  time-consuming  operations  involved  in  mechanical  grind¬ 
ing.  In  the  authors’  case  the  time  elapsed  between  the  receipt 
of  the  sample  in  the  laboratory  and  the  delivery  of  the  analysis 
may  at  most  be  2  hours.  This  allows  for  preparation  of  the 
*  sample,  making  any  necessary  spectrographic  adjustments,  ex¬ 
posure,  processing,  photometering,  and  calculation.  A  quick 
analysis  of  this  kind  is  a  very  useful  preliminary  to  a  complete 
;  silicate  analysis.  The  method  is  an  adaptation  of  the  ratio  quan¬ 
titative  powder  technique  of  Lewis  ( 2 ),  who  synthesized  powder 
mixtures  until  the  resulting  line  intensities  of  a  known  mixture 
matched  those  of  the  unknown  powder. 

The  general  technique  consists  of  mixing  the  sample  to  be  ana¬ 
lyzed  with  a  large  excess  of  a  pure  powder  mixture  which  serves  as 
a  buffer  and  internal  standard.  Weighed  proportions  of  this 
mixture  are  then  pressed  into  pellets  which  are  burned  in  a  direct 
,  current  arc  and  the  spectra  prepared.  Line  intensity  ratios  be- 
;  tween  selected  spectrum  lines  of  the  sample  constituents  and  the 


internal  standard  are  determined  photometrically  and  converted 
to  weight  of  constituent  by  reference  to  calibration  curves. 

EQUIPMENT 

A  Zeiss  QU-24  spectrograph  and  external  lens  system  was  used 
for  recording  the  spectra.  This  lens  system  forms  an  intermedi¬ 
ate  image  of  the  source  so  that  any  part  of  the  arc  may  be  screened 
off  by  the  choice  of  a  suitable  diaphragm.  National  Carbon  Com¬ 
pany  specially  purified  graphite  electrodes  0.47  cm.  (Vieinch)  in  di¬ 
ameter  were  used  throughout  this  work.  All  photographic 
plates  were  Eastman  Kodak  Company  Process  plates  which  were 
developed  in  Eastman  D-ll  solution.  A  Zeiss  spectrum  fine 
photometer  was  used  for  all  line  intensity  measurements. 

PREPARATION  OF  SAMPLE 

Barium  nitrate  was  selected  as  an  internal  standard  because  it 
is  not  a  common  constituent  of  the  materials  to  be  considered,  it 
will  not  vaporize  too  rapidly  in  the  arc,  it  can  be  obtained  readily 
as  a  pure  salt,  and  it  makes  a  firmer  pellet  than  other  barium  salts. 

The  internal  standard-buffer  mixture  finally  chosen  was  com¬ 
posed  of  equal  parts  by  weight  of  barium  nitrate  and  ammonium 
sulfate.  The  possibility  of  the  formation  of  ammonium  nitrate 
in  mixing  these  salts  together  should  not  be  overlooked.  Bearing 
this  in  mind,  it  is  not  advisable,  when  preparing  pellets,  to  employ 
salts  of  the  unknown  which  have  strong  reducing  properties. 

The  optimum  weight  of  a  standard-buffer  was  found  to  be  20 
mg.  and  of  sample  1  mg.  In  certain  cases  where  extremes  of  con¬ 
centration  were  encountered,  the  sample  weight  was  varied  be¬ 
tween  0.1  and  5.0  mg.  with  the  regular  20  mg.  of  standard-buffer. 

The  sample  and  standard-buffer  were  weighed  into  an  agate 
mortar  and  ground  into  a  well-mixed  fine  powder.  This  was 
then  pressed  into  a  small  pellet,  using  a  micropress  which  forms  a 
cylindrical  pill  2  mm.  in  diameter. 

This  spectrographic  method  has  been  applied  to  samples 
weighing  0.1  to  5.0  mg.  Although  the  method  has  been  applied 
to  the  determination  of  ten  elements  only,  there  seems  to  be  no 
reason  why  this  number  cannot  be  expanded  to  include  most  of 
the  elements  excited  by  the  direct  current  arc.  Work  along  this 
fine  and  on  other  applications  is  in  progress.  v 

EXPOSURE  CONDITIONS 

A  diaphragm,  C,  with  a  small  aperture  (0.5  X  10  mm.)  was 
used  at  the  point  of  intermediate  image  formation  in  the  external 
lens  system.  This  aperture  was  of  such  size  that  the  optimum 
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Figure  1.  Schematic  Diagram  of  Lens  System 

exposure  was  obtained  when  the  sample  was  burned  completely. 
The  lens  system  employed  has  been  described  by  Kaiser  ( 1 ),  and  is 
shown  diagrammatically  in  Figure  1. 

An  image  of  the  arc,  A,  is  formed  on  diaphragm  C  by  means  of 
an  80-mm.  focus  quartz  lens,  B.  The  diaphragm  is  a  rotatable 
disk  containing  openings  of  various  heights.  By  employing  the 
proper  opening  any  portion  of  the  arc  column  may  be  used  for 
illumination.  The  portion  of  the  arc  selected  for  illumination  is 
projected  by  means  of  a  quartz  lens,  D,  of  227-mm.  focus  onto 
the  collimator  lens,  E.  The  diaphragm  is  mounted  on  a  lens  of 
200-mm.  focus  which  forms  an  image  of  lens  B  on  the  slit  of  the 
spectrograph. 

The  sample  pellet  was  placed  in  a  small  crater  in  the  lower  posi¬ 
tive  electrode  and  arced  until  it  was  burned  completely.  A  220- 
volt  direct  current  supply  was  used.  With  a  current  of  6  amperes 
(direct  current)  between  the  bare  graphite  electrodes  which  were 
spaced  4  mm.  apart,  the  current  rose  to  about  7  amperes  while 
the  pellet  was  burning,  and  then  dropped  back  to  6  amperes  when 
the  pellet  was  exhausted.  This  usually  required  an  exposure  of 
about  2  minutes. 


Table  I.  Wave  Length  of  Spectrum  Line  Used  for  Each  Element 


A. 

A. 

Ba 

2771.4 

Cu 

2824.4 

Sn 

2429 . 5 

Mu 

2933 . 1 

Si 

2435.2 

Ni 

2943.9 

A1 

2652.5 

Ca 

3158.9 

Fe 

2723.6 

Ti 

3168.5 

Mg 

2783.0 

DEVELOPMENT  AND  PHOTOMETRY  OF  PLATES 

Both  the  developer  and  fixer  tanks  were  kept  in  a  water  bath 
at  65°  F.  A  mechanical  developer  powered  by  an  electric  clock 
motor  was  used  to  move  the  plate  back  and  forth  through  a  2.5- 
cm.  (1-inch)  path  in  the  solution  once  each  minute. 

The  line  intensities  were  measured  on  the  Zeiss  photometer  us¬ 
ing  a  galvanometer  scale  of  1000-ml.  divisions.  The  Leeds  & 
Northrup  galvanometer  was  placed  3  meters  from  the  1-meter 
scale.  The  ratio  of  the  galvanometer  deflections  for  internal 
standard  line  and  unknown  fine  were  plotted  against  weight  of 
oxide  on  log-log  coordinate  paper. 

This  procedure  differs  from  the  more  general  one  of  converting 
the  galvanometer  deflections  to  relative  intensities  by  use  of  a 
plate  calibration  curve  and  plotting  the  calculated  intensity  ra¬ 
tios  against  concentration.  The  technique  employed  has  been 
found  to  save  time,  since  preparation  of  a  plate  characteristic 
curve  and  conversion  of  galvanometer  deflections  to  relative  in¬ 
tensities  are  obviated.  This  saving  is  at  the  expense  of  some  pre¬ 
cision.  The  theory  and  limitations  of  the  method  have  been  ade¬ 
quately  covered  by  T wyman  ( 4 ). 

PREPARATION  OF  WORKING  CURVES 

Reagent  grade  oxides  of  the  following  elements  were  used  in 
preparing  synthetic  standard  mixtures  for  the  determination  of 
working  curves:  silicon,  aluminum,  magnesium,  iron,  calcium, 
titanium,  tin,  copper,  manganese,  and  nickel  (calcium  was  used 
as  carbonate  but  calculated  as  oxide).  The  first  five  oxides  were 
varied  through  the  range  0.01  to  1.0  mg.,  while  the  last  five  were 
considered  only  in  the  range  0.01  to  0.1  mg.  The  composition 
of  each  standard  mixture  was  varied  widely  from  the  others,  so 
that  any  effect  of  one  element  upon  another  should  show  up  read¬ 
ily.  No  such  effect  was  observed. 

Each  spectrographic  plate  consisted  of  several  exposures  of  the 
five  synthetic  standards  used.  A  single  barium  line  was  chosen 


for  comparison  with  a  fine  of  each  of  the  constitu¬ 
ent  elements.  The  wave  lengths  of  the  spectrum 
lines  used  are  given  in  Table  I. 

The  variations  of  average  line-ratio  values  for 
a  given  concentration  of  an  element  were  usually 
less  than  20%  from  plate  to  plate.  When  several 
plates  were  used  to  get  an  average  line-ratio  value 
for  a  large  number  of  determinations,  the  plot  of 
these  averages  against  concentration  yielded  working  curves  with 
all  points  falling  very  near  a  straight  line.  The  straight  lines 
drawn  through  the  points  were  calculated  by  the  method  of 
least  squares.  Several  of  these  curves  are  illustrated  in  Figures  2 
and  3. 

A  second  set  of  working  curves  was  prepared  by  another  oper¬ 
ator  one  year  after  the  first  set.  The  old  and  new  curves  did  not 
differ  by  more  than  5%,  and  they  coincided  in  most  instances. 


Figure  2 


Figure  3 
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Table  II. 

Si02 


Application  of  Method  to  Analysis  of  Bureau  of  Standards  Sample'1 


%  Fe203 


%  Ti02 


%  MgO 


Sample 

Chem. 

Spec. 

Chem. 

Spec. 

Chem. 

Spec. 

Chem. 

Spec. 

Chem. 

Spec. 

Chem. 

Spec. 

B.S.  1,  argillaceous 

18.0 

19 

5.7 

6.6 

1.7 

1.8 

0.22 

<1 

1.9 

1.9 

38.0 

46 

limestone 

19 

5.3 

1.6 

<1 

1.7 

43 

B.S.  27a,  Sibley 

1.0 

2.0 

69.0 

48 

iron  ore 

2.0 

32 

P.S.  69,  bauxite 

6.3 

6.3 

55.0 

93 

5.7 

7.8 

3.1 

3.9 

6.6 

81 

7.2 

3.7 

B.S.  70,  feldspar 

67.0 

58 

18.0 

17 

0.03 

<1 

•  •  • 

69 

12 

B.S.  76,  burnt  re¬ 

55.0 

53 

38.0 

37 

2.4 

2.5 

2.2 

2.0 

0.58 

<1 

0.27 

fractory 

59 

35 

2.3 

1.7 

<1 

B.S.  77,  burnt  re¬ 

32.0 

34 

59.0 

62 

0.90 

1.1 

2.9 

3.0 

0.50 

<1 

0.26 

fractory 

35 

59 

<1 

2.8 

<1 

B.S.  78,  burnt  re¬ 

21.0 

22 

70.0 

96 

0.79 

1.1 

3.4 

4.3 

0.51 

<1 

0.38 

fractory 

22 

69 

<1 

4.5 

<1 

B.S.  88,  dolomite 

B.S.  97,  flint  clay 

0.31 

<1 

0.07 

0.08 

1 

22.0 

29 

30.0 

36 

<1 

29 

37 

43.0 

48 

39.0 

48 

0.98 

1.0 

2.4 

2.9 

0.26 

<1 

.  0.10 

46 

49 

1.2 

2.7 

B.S.  98,  plastic  clay 

59.0 

64 

26.0 

25 

2.1 

2.3 

1.4 

1.5 

0.Z2 

<1 

0.21 

64 

24 

2.2 

1.2 

<1 

B.S.  99,  soda  feld¬ 

69.0 

67 

19.0 

20 

0.07 

<1 

0.05 

0.36 

spar 

60 

15 

<1 

B.S.  102,  silica  brick 

94.0 

84 

2.0 

2.2 

0.66 

<1 

0.16 

<1 

0.21 

<1 

2.3 

1.8 

59 

1.4 

<1 

2.3 

B.S.  104,  burned 

2.5 

3.4 

0.84 

<2 

7.1 

7.4 

86.0 

94 

3.4 

2.9 

magnesite 

2.8 

5.7 

61 

3.4 

a  Each  value  in  “Spec.”  column  represents  average  of  4  determinations  on  a  single  plate,  such  values  from  two  different  plates  appearing  in  table. 


Table  III.  Application  of  Method  to  Analysis  of  Complex  Mixtures'* 


%  Si02 

%  A12Oj 

%  Fe2Oj 

%  MgO 

%  Ti02 

%  CaO 

Sample 

Chem. 

Spec. 

Chem. 

Spec. 

Chem. 

Spec. 

Chem. 

Spec. 

Chem.  Spec. 

Chem.  Spec. 

1 

37.5 

42 

25.2 

21 

0.5 

1 

7.3 

6 

1.2 

1 

10.9  10 

41 

21 

1 

7 

1 

9 

2 

14.6 

15 

12.8 

14 

23.3 

23 

7.3 

6 

0.8 

1 

10.2  10 

14 

11 

20 

6 

1 

8 

3 

3.3 

4 

19.0 

23 

27.2 

26 

27.8 

31 

1.1 

1 

1.1 

4 

26 

20 

25 

1 

“  Each  value  in  "Spec.” 
plates  being  given. 


column  is  average  of  two  determinations  on  a  single  plate,  such  values  from  two 


An  average  of  the  two  sets  of  data  was  used  in  preparing  the 
(curves  shown  in  Figures  2  and  3. 

In  general  the  calibration  working  curves  have  been  reliable  to 
at  least  10%  for  all  analysis  plates,  but  when  an  analysis  is  being 
made,  a  standard  mixture  is  run  on  each  plate  to  check  the  work¬ 
ing  curves.  This  gives  one  point  on  the  curve  for  each  element. 
If  this  point  is  found  to  be  in  error  by  more  than  10%,  a  new  work¬ 
ing  curve  with  the  same  slope  is  drawn  through  this  point.  Such 
an  adjustment  is  made  only  for  the  plate  in  question. 

If  a  sample  is  encountered  which  contains  more  than  50%  of  a 
:  single  constituent,  it  is  advisable  to  repeat  the  determination 
using  only  0.5  or  0.25  mg.  of  the  sample  in  the  pellet.  This  re¬ 
duction  of  the  actual  weight  of  the  major  constituent  brings  its 
line  density  into  a  lower  range  which  is  more  suitable  for  photom¬ 
etry.  In  the  authors’  particular  case  density  values  between  0.4 
and  1.5  were  found  to  yield  the  best  precision.  Other  types  of 
plates  might  require  utilization  of  a  different  range  of  values. 

ANALYSIS  OF  BUREAU  OF  STANDARDS  SAMPLES 


ANALYSIS  OF  COMPLEX  MIXTURES 

Three  complex  samples  were  pre¬ 
pared  by  mixing  portions  of  various 
Bureau  of  Standards  samples.  These 
mixtures  were  prepared  by  another 
person  not  familiar  with  the  method, 
and  the  composition  remained  un¬ 
known  to  the  operator  until  after 
'  the  spectrographic  analyses  were  com¬ 

pleted.  The  “chemical”  values  for 
the  samples  were  arrived  at  from  the 
weight  ratios  used  and  the  Bureau  of  Standards  certificate  for 
each  sample  used  in  the  mixture.  The  mixtures  were  prepared 
in  such  proportions  that  no  single  oxide  would  be  present  as 
more  than  50%  of  the  whole  because  the  method  is  most  reliable 
for  values  below  50%.  The  agreement  between  the  chemical 
percentage  and  the  value  determined  spectrographically  was 
very  good  for  these  complex  materials  (Table  III). 


Table  IV.  Analyses  of  Paper  Pulp 


Sn02 

Unwashed 

Pulp 

NDA“ 

Washed 

Pulp 

0.4 

Si02 

11.0 

11.0 

AI2O3 

3.7 

3.5 

Fe203 

1.7 

2.2 

MgO 

17.0 

17.0 

CuO 

1.6 

4.3 

MnsO* 

0.6 

0.7 

CaO 

65.0 

61.0 

Total 

100.6 

100.1 

°  No  determinable  amount. 


As  a  test  of  the  reliability  and  versatility  of  the  method,  a 
:  group  of  thirteen  National  Bureau  of  Standards  samples  was 
analyzed  by  this  technique.  Four  pellets  of  each  sample  were  ex¬ 
posed  on  a  plate  and  two  plates  were  made  of  each  sample.  The 
results  of  these  analyses  are  given  in  Table  II.  The  percentage 
■  of  each  oxide  in  the  “Chem.”  column  is  taken  from  the  Bureau  of 
Standards  certificate  for  that  particular  sample.  In  the  “Spec.” 
I  column,  each  percentage  represents  the  average  from  four  pellets 
on  a  single  plate  (values  from  two  plates  are  given).  In  most 
'  cases,  the  agreement  between  the  true  value  for  an  oxide  and  the 
value  found  by  this  method  is  very  good.  In  the  extreme  cases 
where  large  errors  occur,  the  constituent  is  usually  present  in  ex¬ 
cess  of  50%  of  the  sample. 


In  Table  IV  some  results  are  shown  which  were  obtained  in  the 
practical  application  of  the  method.  In  this  instance  it  was  de¬ 
sirable  to  know  the  effects  of  washing  upon  the  ash  content  of  a 
particular  paper  pulp.  A  quantitative  analysis  of  the  respective 
ashes  showed  that  bronze  from  the  washing  machinery  was  being 
introduced  into  the  pulp. 
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Determination  of  Fluoride  in  Water 

A  Modified  Zirconium-  Al  izarin  Method 

WILLIAM  L.  LAMAR 

Geological  Survey,  United  States  Department  of  the  Interior,  Raleigh,  N.  C. 


A  convenient,  rapid  colorimetric  procedure  using  the  zirconium- 
alizarin  indicator  acidified  with  sulfuric  acid  for  the  determination 
of  fluoride  in  water  is  described.  Since  this  acid  indicator  is  stable 
indefinitely,  it  is  more  useful  than  other  zirconium-alizarin  reagents 
previously  reported.  The  use  of  sulfuric  acid  alone  in  acidifying 
the  zirconium-alizarin  reagent  makes  possible  the  maximum  sup¬ 
pression  of  the  interference  of  sulfate.  Control  of  the  pH  of  the 
samples  eliminates  errors  due  to  the  alkalinity  of  the  samples. 
The  fluoride  content  of  waters  containing  less  than  500  parts  per 
million  of  sulfate  and  less  than  1000  p.p.m.  of  chloride  may  be 
determined  within  a  limit  of  0.1  p.p.m.  when  a  100-ml.  sample 
is  used. 


VARIOUS  methods  and  modifications  using  the  zirconium- 
alizarin  reagent  for  the  determination  of  fluoride  in  water 
have  appeared  in  the  literature  ( 1 ,  2,  8,  5,  6).  The  procedure 
published  in  1941  for  the  determination  of  fluoride  in  water,  us¬ 
ing  the  zirconium- alizarin  indicator  and  sulfuric  acid  (4),  has 
been  revised  to  make  the  method  more  convenient  and  adapt¬ 
able  for  use  in  water  laboratories.  The  sensitive  fluoride  range 
of  the  indicator  has  also  been  increased.  The  acid  indicator  used 
is  prepared  with  sulfuric  acid  and  the  zirconium-alizarin  reagent. 
This  acid  indicator  is  stable  indefinitely,  is  always  ready  for  use, 
and  is  therefore  more  satisfactory  than  other  previously  reported 
zirconium-alizarin  solutions  which  are  not  stable.  The  use  of 
sulfuric  acid  alone  in  acidifying  the  zirconium-alizarin  reagent 
makes  possible  the  maximum  suppression  of  the  interference  of 
sulfate.  The  alkalinity  of  a  sample  may  interfere  with  the  ac¬ 
curate  determination  of  fluoride  by  its  effect  on  the  pH  of  the 
solution.  Neutralization  of  the  alkalinity  of  the  samples  with 
nitric  acid  is  employed  to  prevent  errors  caused  by  the  alkalinity. 

The  method  reported  here  embodies  a  stable  indicator  solution, 
the  maximum  suppression  of  the  interference  of  sulfate,  a  sensi¬ 
tive  color  range,  and  a  more  accurate  and  convenient  procedure 
for  the  determination  of  fluoride  in  water. 

REAGENTS 

Zirconyl  nitrate,  1.84  grams  of  zirconyl  nitrate  dihydrate  in 
250  ml.  (filter). 

Alizarin  red  S,  0.37  gram  of  alizarin  monosodium  sulfonate  in 
250  ml. 

Sulfuric  acid,  2.10  A  (to  2.12  A ). 

Acid  indicator.  Add  25  ml.  of  the  zirconyl  nitrate  solution  to 
50  to  100  ml.  of  distilled  water  and  add  slowly  with  constant 
stirring  25  ml.  of  the  alizarin  solution  and  make  up  to  500  ml. 
Mix  well  and  add  500  ml.  of  2. 1  A  sulfuric  acid.  The  acid  indi¬ 
cator  is  ready  for  use  in  about  one  hour. 

Nitric  acid,  0.164  A  (1  ml.  will  neutralize  10  mg.  of  bicarbon¬ 
ate)  ;  or  use  nitric  acid  that  is  ten  times  the  strength  of  the  acid 
used  in  titrating  the  alkalinity  of  the  samples. 

Sodium  fluoride.  Stock  solution,  0.2210  gram  of  sodium  fluo¬ 
ride  in  1  liter.  Standard  solution,  dilute  100  ml.  of  the  stock  solu¬ 
tion  to  1  liter  (1  ml.  equals  0.01  mg.  of  fluoride). 

PROCEDURE 

Transfer  100  ml.  of  the  clear  samples  to  matched  Nessler  tubes. 
Make  up  to  100  ml.  in  matched  Nessler  tubes  the  standards  that 
are  needed.  Standards  may  be  made  up  in  0.02-mg.  intervals 
from  0  to  0.16  mg.  of  fluoride  or  in  0.01-mg.  intervals  from  0  to 
0.10  mg.  of  fluoride  and  in  0.02-mg.  intervals  from  0.10  to  0.16 
mg.  of  fluoride.  Add  exactly  10  ml.  of  the  acid  indicator  to  each 


sample  and  standard,  mix  well,  and  compare  in  1  hour  or  better 
after  the  samples  and  standards  have  stood  overnight.  When 
the  alkalinity  of  the  samples  exceeds  100  parts  per  million  as 
calcium  carbonate  (bicarbonate  122  p.p.m.),  neutralize  the  al¬ 
kalinity  with  the  0.164  A  nitric  acid,  make  up  samples  and 
standards  to  105  ml.,  and  add  exactly  10  ml.  of  the  acid  indicator. 

Comparisons  are  conveniently  made  in  a  3-hole  colorimeter  in 
which  each  sample  is  compared  with  the  two  closest  standards. 
For  moderately  colored  waters  compensate  for  the  color  in  the 
sample  as  follows:  Place  the  sample  to  be  compared  above  a 
Nessler  tube  containing  distilled  water,  place  the  standard  above 
a  duplicate  sample  which  has  been  acidified  with  5  ml.  of  2.1  A 
sulfuric  acid,  and  make  up  to  volume  with  distilled  water.  The 
volume  in  each  tube  should  be  the  same. 

DISCUSSION  OF  METHOD 

A  sensitive  color  range  is  obtained  for  amounts  of  fluoride 
ranging  from  0.0  to  0.16  mg.  which  is  a  range  from  0.0  to  1.6 
p.p.m.  when  a  100-ml.  sample  is  used.  For  waters  containing 
more  than  about  1.6  p.p.m.  of  fluoride  smaller  samples  diluted 
to  100  ml.  should  be  used.  It  is  generally  satisfactory  to  use  sul¬ 
furic  acid  that  is  approximately  2.1  A  in  the  preparation  of  the 
acid  indicator,  but  to  obtain  the  most  satisfactory  fluoride  range 
the  normality  of  the  acid  should  be  close  to  2.1.  A  sensitive 
color  range  is  dependent  upon  the  strength  of  the  reagents  used 
in  the  preparation  of  the  acid  indicator. 

Although  samples  and  standards  can  be  satisfactorily  compared 
after  one  hour,  comparisons  after  the  samples  and  standards 
have  stood  overnight  frequently  give  a  little  greater  accuracy.  , 
This  is  true  for  the  fluoride  methods  employing  the  acid  reaction  , 
of  the  zirconium-alizarin  indicator  because  equilibrium  condi¬ 
tions  are  not  reached  in  one  hour.  The  time  consumed  in  adding 
the  acid  indicator  and  in  mixing  allows  slight  differences  in  the 
stage  of  the  reaction.  When  comparisons  are  made  after  one 
hour  the  samples  and  standards  should  be  of  the  same  tempera¬ 
ture  and  the  acid  indicator  should  be  added  as  quickly  as  pos¬ 
sible.  The  color  change  is  complete  for  samples  and  standards 
that  are  allowed  to  stand  overnight.  In  the  latter  case  as  much 
as  2  hours’  difference  in  the  time  of  adding  the  acid  indicator  does 
not  affect  the  determination.  This  fact  can  be  used  to  advan¬ 
tage  when  inspection  shows  that  some  of  the  samples  are  out  of 
the  range  of  the  standards.  Smaller  samples  can  be  taken,  so 
that  when  comparisons  are  made  the  next  day  all  samples  will  be 
within  the  range  of  the  standards. 

By  using  the  sulfuric  acid  zirconium-alizarin  indicator  the  in¬ 
terference  of  sulfate  is  decreased.  On  the  basis  of  100-ml. 
samples  the  error  that  may  be  introduced  by  sulfate  or  chloride 
is  as  follows:  500  p.p.m.  of  sulfate  are  equivalent  to  about 


Table  I.  Interference  of  Sulfate,  Chloride,  and  Unneutralized 
Bicarbonate  in  Determination  of  Fluoride  in  Water 

(Using  the  zirconium-alizarin  reagent  with  2.1  N  sulfuric  acid) 


Sulfate 

Fluoride 

Error 

(Plus) 

Chloride 

Fluoride 

Error 

(Minus) 

Fluoride 

Error 

Bicarbonate  (Minus) 

20 

0.003 

Milligrams  per  100  ml. 

40  0.002 

10 

0.003 

30 

0.005 

60 

0.005 

20 

0.008 

40 

0.008 

80 

0.008 

30 

0.012 

50 

0.010 

100 

0.010 

40 

0.017 

60 

0.012 

200 

0.017 

50 

0.021 

100 

0.020 

.  .  . 

.  .  . 
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1-0.01  mg.  of  fluoride;  and  1000  p.p.m.  of  chloride  are  equivalent 
o  about  —0.01  mg.  of  fluoride.  Since  the  errors  introduced  by 
ulfate  and  chloride  are  plus  and  minus,  respectively,  the  effeet 
f  the  one  tends  to  counteract  the  effect  of  the  other.  However, 
he  effects  of  interfering  ions  are  not  completely  additive.  On 
he  basis  of  100-ml.  samples  an  alkalinity  of  200  p.p.m.  (bicar- 
onate  244  p.p.m.)  is  equivalent  to  about  —0.01  mg.  of  fluoride, 
'or  accurate  results  it  is  necessary  to  neutralize  the  alkalinity 
dth  nitric  acid  when  it  exceeds  about  100  p.p.m.  (bicarbonate 
22  p.p.m.).  The  effect  of  nitrate  in  the  nitric  acid  and  of 
itrate  present  in  natural  waters  is  negligible. 

I  Table  I  shows  the  interference  of  sulfate,  chloride,  and  un- 
eutralized  bicarbonate.  ‘Bicarbonate  may  be  converted  to 
lkalinity  as  calcium  carbonate  by  multiplying  the  bicarbonate  by 
le  factor  0.82.  The  interference  of  sulfate  causes  the  fluoride 
leasurement  to  be  high  and  the  interference  of  chloride  and 
nneutralized  alkalinity  cause  the  fluoride  measurement  to  be 


low  by  the  amounts  shown  in  Table  I.  Neutralization  of  the 
alkalinity  as  prescribed  eliminates  the  error  caused  by  the  alka¬ 
linity  of  the  samples.  Fluoride  corrections  may  be  applied  instead 
of  neutralizing  the  alkalinity  of  the  samples.  However,  neu¬ 
tralization  of  the  alkalinity  is  recommended. 
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method  for  the  quantitative  estimation  of  the  amount  of  DDT  in 
sample  containing  DDT  is  based  upon  the  quantitative  dehydro- 
:  logenation  of  DDT  under  certain  conditions.  A  specific  applica- 
>n  to  the  determination  of  spray  or  dust  deposits  is  discussed  in 
ttail.  Data  are  presented  to  show  both  the  accuracy  and  the 
iproducibility  of  the  method,  and  possible  sources  of  error  are 
'  scussed. 

li/lANY  workers  have  shown  DDT  [2, 2-bis-( p-chlorophenyl) - 
It  1  1,1,1-trichloroethane]  to  be  such  a  promising  insecticidal 
taterial  that  the  lack  of  a  method  of  analysis  suitable  for  its 
■nantitative  estimation  has  become  a  serious 
iadrance  to  its  further  insecticidal  evalua- 
* ,n-  (The  alphabetical  symbol  derives  from 
lie  loosely  descriptive  name,  dichlorodi- 
J  enyltrichloroethane.)  A  total  halogen  de- 
l-mination  on  a  material  containing  DDT 
l  pears  impractical  because  of  the  probable 
mtamination  with  extraneous  chlorides, 
tch  as  those  found  in  hard  waters,  for  ex- 
uple.  In  addition,  all  organic  halogen-con- 

I  ning  contaminants,  such  as  those  found  in  technical  DDT, 
Riuld  also  respond  to  such  a  drastic  method  of  analysis. 

E  It  has  been  brought  to  the  attention  of  the  author,  and  subso¬ 
il  ently  verified  by  him,  that  technical  DDT  may  contain  some 
( the  o,p'  isomer.  Theoretically,  both  isomers  should  yield  one 
l>le  of  hydrogen  chloride  under  the  experimental  conditions 
■scribed  herein.  Actually,  however,  slightly  more  than  one 
l)le  may  be  obtained  from  the  purified  o,p'  isomer.  This  be- 
Ivior  is  not  without  justification,  and  it  will  be  discussed  in  de- 

I I  in  a  later  report. 

These  considerations  led  to  the  development  of  a  more  specific 
i  thod  based  upon  dehydrohalogenation.  In  1874,  Zeidler  (4) 
Tiorted  that  long  boiling  of  the  compound  now  popularly  known 
8  DDT  (I)  with  alcoholic  potassium  hydroxide  resulted  in 
tiydrohalogenation,  yielding  2,2-bis-(p-chlorophenyl)-l,l-di- 
|E  oroethylene  (II).  Fischer  (2)  extended  this  study  to  several 
Balogs  of  DDT  and  reported  that  most  of  them  readily  lost  a 


molecule  of  hydrochloric  acid  per  molecule  of  parent  compound 
upon  boiling  with  alcoholic  potassium  hydroxide. 

Recently  Brand  and  Busse-Sundermann  ( 1 )  synthesized  and 
studied  DDT  and  many  new  analogs.  That  phase  of  their  work 
concerned  with  dehydrohalogenation  indicated  that  50  ml.  of  0.5 
N  alcoholic  potassium  hydroxide  completely  dehydrohalogenated 
5  grams  of  DDT  within  2  to  3  minutes  under  reflux. 

These  studies  form  the  basis  for  the  analytical  method  herein 
described.  When  the  sample  containing  the  DDT  (I)  is  treated 
with  excess  alcoholic  potassium  hydroxide,  the  following  trans¬ 
formation  is  effected: 


H 


Cl 

I 

-C— Cl  +  KOH 

I 

Cl 


Cl 


(i) 


c,C^ 


(ii) 


C  =  C— Cl  +  KC1  +  H20 

I 

Cl 


Since  one,  and  only  one,  chloride  ion  is  liberated  from  each 
molecule  of  DDT,  the  remainder  of  the  method  involves  deter¬ 
mining  the  quantity  of  free  chloride  ion  in  the  products  of  hy¬ 
drolysis;  this  is  accomplished  by  precipitating  the  chloride  ion 
with  excess  silver  ion,  and  then  determining  the  excess  of  the 
latter  by  means  of  a  Volhard  titration  with  ferric  nitrate  as  in¬ 
dicator. 

PROCEDURE 

Strip  the  treated  fruit,  leaves,  or  other  objects  with  benzene, 
either  by  shaking  them  in  a  Mason  jar  with  the  solvent  or  by 
washing  them  individually  with  a  stream  of  benzene  from  a  wash 
bottle.  The  quantity  of  stripping  solvent  used  is  immaterial, 
for  the  entire  sample  will  be  used  in  one  analysis. 

Filter  the  benzene  strip  solution  through  a  plug  of  cotton  or  of 
glass  wool  to  remove  solid  foreign  matter,  and  catch  the  filtrate 
in  a  standard-taper  500-ml.  Erlenmeyer  flask.  If  preliminary 
experiments  have  shown  benzene-soluble  inorganic  chlorides  to  be 
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present  in  the  sample,  extract  the  above  filtrate  with  several 
portions  of  water  before  proceeding  to  the  next  step. 

Evaporate  this  solution  nearly  to  dryness  on  an  electric  hot 
plate  set  for  80°  C.,  and  at  the  same  time  draw  a  slow  current  of 
air  through  the  flask  to  hasten  evaporation  and  to  prevent  the 
objectionable  liberation  of  benzene  vapors  into  the  room.  Do 
not  allow  the  temperature  of  the  residue  to  exceed  95°  C.,  as 
DDT  may  decompose  seriously  above  this  temperature. 

To  the  flask  add  50  ml.  of  1  V  alcoholic  potassium  hydroxide, 
being  careful  not  to  wet  the  ground  joint  with  this  alkaline  solu- 

Fit  a  standard-taper  reflux  condenser  to  the  flask  and  gently 
reflux  the  solution  on  the  same  hot  plate  for  exactly  30  minutes. 

Remove  the  hot  plate,  and  through  the  top  of  the  condenser 
add  50  ml.  of  distilled  water,  50  ml.  of  2  N  nitric  acid,  and  an 
additional  50  ml.  of  water,  in  the  order  mentioned,  to  the  reaction 
mixture.  . 

Remove  the  condenser,  and  add  to  the  flask  approximately  5 
ml.  of  nitrobenzene,  followed  by  exactly  20  ml.  of  standard 
0.1  N  silver  nitrate  by  means  of  a  calibrated  pipet.  Stopper  the 
flask  with  a  standard-taper  plug  and  shake  it  vigorously  for  a 
few  seconds.  This  operation  coagulates  the  silver  chloride 
formed,  and  then  coats  these  particles  with  a  layer  of  nitroben¬ 
zene,  so  as  to  prevent  their  later  double  decomposition  during 
the  titration. 

Rinse  down  the  stopper  and  sides  of  the  flask  with  water,  add 
3  ml.  of  IV  ferric  nitrate  as  indicator,  and  titrate  the  excess  silver 
ion  with  standard  0.1  N  potassium  thiocyanate. 


Table  1. 

DDT  Recovery  Data 

Purified  DDT  Introduced 

DDT  Found 

Recovery 

Mg. 

Mg. 

wt.-% 

1.6 

1.5 

100.0 

9.2 

9.3 

101.0 

100.0 

100.3 

100.3 

262.1 

262.8 

100.3 

311.3 

313.1 

100.6 

514.9 

512.2 

99.5 

624.6 

623.2 

99.8 

ACCURACY  AND  REPRODUCIBILITY 

As  outlined  above,  the  method  was  applied  to  the  quantita¬ 
tive  estimations  of  DDT  in  various  amounts  of  a  strip  solution 
of  benzene  containing  2  mg.  of  purified  DDT  per  ml.  The  re¬ 
sults,  presented  in  Table  I,  show  that  the  variation  was  confined 
to  1.5%  within  the  range  2  to  625  mg.  of  DDT  per  sample. 

Because  the  method  was  developed  primarily  for  studies  of 
spray  residues,  it  has  been  applied  assiduously  only  to  this  adap¬ 
tation.  In  this  connection,  certain  data  pertinent  to  the  repro¬ 
ducibility  of  the  method  as  applied  to  studies  in  the  field  are  col¬ 
lated  in  Table  II.  All  the  dusts  and  spray  treatments  men¬ 
tioned  were  applied  to  mature  citrus  in  a  conventional  manner. 
As  may  be  seen  from  these,  data,  the  degree  of  reproducibility 
within  any  one  experiment  is  very  satisfactory. 

DISCUSSION 

The  various  quantities  of  reagents  specified  in  the  procedure 
are  those  found  to  be  most  convenient  for  the  determination  of 
quantities  of  DDT  within  the  range  2  to  625  mg.  per  sample. 
This  range  may  be  increased  readily  by  changing  the  quantity 
of  standard  silver  nitrate  used;  a  decrease  in  the  range  desired 
will  make  this  a  micro  process,  however,  and  will  thus  necessitate 
the  use  of  a  microburet  and  a  weaker  standard  solution  in  the 
titration.  Theoretically,  the  specified  amount  of  alcoholic  potas¬ 
sium  hydroxide  will  successfully  dehydrohalogenate  about  17 
grams  of  DDT  per  sample. 

Benzene  was  selected  as  the  stripping  solvent  because  at  room 
temperature  it  will  dissolve  about  45  weigh t-%  of  DDT  (S),  and 
it  will  not  dissolve  appreciably  any  of  the  inorganic  halides  ex¬ 
pected  to  occur  in  ordinary  sprays  or  dusts  containing  DDT. 
For  example,  inorganic  halides  in  the  spray  water  (hard  water) 
will  not  be  carried  over  into  the  strip  solution,  and  thus  will  have 
no  effect  upon  the  analytical  results.  Although  benzene  is  an 


Table  II.  Reproducibility  of  Method  in  Tests  on  Citrus 


Treatment 


Mg  of  DDT 
per  Sq.  Cm 
Sample  of  Surface 


3%  technical  DDT,  talc  diluent, 
1  pound  per  tree 


100  lemon  leaves 
each 


4.1 

4.3 

4.0 


6  gals,  of  kerosene  containing  2 
pounds  of  technical  DDT  per  100 
gals,  of  spray;  1  gal.  per  tree 

Gesarol  AK20a,  10  pounds  per  100 
gals,  of  spray;  1  gal.  per  tree 


100  lemon  leaves 
each 


100  lemon  leaves 
each 


8.5 

7.4 

8.1 

10.4 

10.6 

10.1 


Gesarol  SHN20<>,  1.2  gals,  per  100 
gals,  of  spray;  1  gal.  per  tree 


100  lemon  leaves 
each 


8.2 

8.5 

8.2 


3  gals,  of  kerosene  containing  1  pound 
of  technical  DDT  per  100  gals,  of 
spray' 

1.75  gals,  of  light-medium,  tank-mix 
oil  containing  0.5  pound  of  tech¬ 
nical  DDT  per  100  gals,  of  spray 


6  mature  grape-  12  6 

fruit  each  12.0 

12.0 

25  Valencia  oranges  6 . 0 

each  6 . 7 


°  A  proprietary  product  of  the  Geigy  Co.,  Inc.,  containing  20%  technic 
DDT  micronized  with  pyrophyllite  as  the  diluent.  . 

b  A  proprietary  product  of  the  Geigy  Co.,  Inc.,  containing  20%  technic 
DDT  in  solution  in  petroleum  oil. 

c  AnnlM  in  the  ln.hr>r»tnrv  with  Drecision  spray  equipment. 


excellent  solvent  for  the  hydrocarbon-type  oils  employed  i  i 
carriers  in  most  spray  mixtures,  the  oil  carried  over  into  the  fin 
sample  is  of  no  consequence.  This  fact  was  demonstrated  1 1 
adding  4  cc.  of  kerosene  and  4  cc.  of  a  light-medium  oil,  respectivel 
to  2  strip  samples  containing  200  mg.  of  DDT  each;  the  r 
covery”  of  DDT  in  both  experiments  was  above  98.5%. 

SOURCES  OF  ERROR 

As  mentioned  previously,  the  possibility  of  errors  introduce 
by  inorganic  chlorides  in  the  spray  materials  in  general  need  n 
be  considered.  Furthermore,  contaminants  of  organic  chlorid 
in  general  will  not  introduce  errors  unless  they  are  capable  of  t 
ing  dehydrohalogenated  under  the  recommended  conditior 
such  compounds  will  probably  not  be  found  in  the  usual  spray 
dust  mixtures.  Technical  DDT  contains  polymers  and  conde 
sation  products  of  chloral  and  possibly  traces  of  chlorobenzei 
the  first  two  contaminants  would  not  be  expected  to  dehydi 
halogenate  readily,  whereas  contamination  due  to  chlorobe 
zene  is  of  no  consequence,  for  it  will  not  hydrolyze  under  t 
specified  conditions.  Since  the  reagents  may  contain  traces 
chlorides,  however,  it  may  be  necessary  to  apply  a  small  corn 
tion  factor,  determined  with  a  blank  run,  to  the  results. 

The  Volhard  method  is  recommended  for  the  determinati 
of  the  excess  silver  ion  because  of  its  sensitivity.  Although  t 
end  point  may  be  hard  to  recognize  at  first,  a  little  pract 
enables  one  to  duplicate  results  very  satisfactorily.  Oversfc 
ping  of  the  end  point  need  cause  no  concern,  for  the  Volhard  e 
point  is  reversible. 

Only  two  exact  measurements  are  necessary  that  is,  c 
pipetting  operation  and  one  titration.  All  other  volumet 
measurements  are  gross,  for  all  are  greatly  in  excess  of  th< 
theoretically  required.  Consequently,  errors  due  to  faul 
readings  of  volumetric  apparatus  are  reduced  to  a  minimum. 
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Simple  Tests  for  Identification  of  Sulfonamides 

ALBERT  B.  SAMPLE 

Research  Laboratories,  Smith,  Kline  and  French  Laboratories,  Philadelphia,  Pa. 


>imple  tests  depending  on  the  formation  of  colored  precipitates  or 
olutions  with  cobalt  and  copper  salts  are  adapted  to  the  identifica- 
ion  of  sulfacetimide,  sulfadiazine,  sulfamerazine,  sulfamethazine, 
ulfanilamide,  sulfapyrazine,  sulfapyridine,  sulfasuxidine,  and  sulfa- 
hiazole.  Other  alkali-soluble  sulfanilamide  derivatives  would  be 
xpected  to  give  similar  color  reactions  with  these  reagents.  Sulfa- 
uanidihe  and  other  alkali-insoluble  derivatives  can  be  identified 
iy  chemical  and  physical  properties  which  appear  elsewhere  in  the 
terature. 


rESTS  for  sulfonamides  involving  reaction  of  their  sodium 
salts  'mth  copper  sulfate  have  appeared  in  the  literature  (1,  4, 
),  but,  as  presented,  they  do  not  afford  positive  differentiation, 
'he  purpose  of  this  report  is  to  present  a  standardized  technique 
ot  these  and  supplementary  tests,  by  means  of  which  the  most 
•idely  employed  sulfonamides  are  easily  identified. 

Lott  and  Bergeim  (4)  used  this  copper  sulfate  reaction  in  dis- 
inguishing  between  sulfapyridine  and  sulfathiazole  and  char- 
cterized  the  reaction  products  by  means  of  elemental  analysis, 
'hey  also  proposed  the  quantitative  determination  of  these  two 
rugs,  as  well  as  sulfanilamide,  by  ashing  the  copper  sulfate  reac- 
:on  products  and  weighing  the  resulting  cupric  oxide. 

The  United  States  Pharmacopoeia  ( 5)  and  the  Council  on 
'harmacy  and  Chemistry  of  the  American  Medical  Association 
0  make  use  of  the  reaction  of  copper  sulfate  with  the  sodium 
dts  of  sulfonamides  in  identifying  the  latter.  Their  descrip- 
ons  of  colors  for  the  reaction  products,  however,  are  at  times 
lisleading  and  their  procedures  do  not  permit  reasonably  close 
uplication  of  results. 

PRINCIPLE  OF  METHOD 

On  the  addition  of  a  solution  of  copper  sulfate  or  cobalt  nitrate 
i  solutions  of  the  alkaline  salts  of  sulfonamides,  colored  precipi- 
ites  or  solutions,  which  can  be  differentiated  visually,  are  pro- 
uced. 

Since  most  of  the  copper-sulfonamide  precipitates  go  through 
‘ries  of  color  changes  which  at  some  stages  are  similar  for  differ- 
lt  sulfonamides,  it  is  advisable  to  confirm  results  of  these  tests, 
ther  by  timing  approximately  the  periods  of  color  changes  of 
le  copper-sulfonamide  precipitates  or  by  preforming  the  cobalt- 
dfonamide  tests  for  supplementary  information.  A  further 
>nfirmatory  test  is  necessary  for  sulfanilamide,  since  it  is  at  times 
i possible  to  distinguish  between  its  copper  precipitate  and  a 
■ecipitate  of  copper  hydroxide.  For  this  purpose,  use  is  made  of 
ie  fact  that  the  copper-sulfanilamide  precipitate  when  dissolved 
sodium  hydroxide  and  treated  with  potassium  cyanide  pro- 
aces  an  amber  solution,  whereas  a  copper  hydroxide  precipitate 
hen  similarly  treated  produces  a  colorless  solution. 

PROCEDURE 

Five  milliliters  of  0.1  N  (approximate)  sodium  hydroxide  are 
easured  into  a  20  X  150  mm.  test  tube,  and  solid  unknown  ma- 
nal  is  added  in  small  amounts  until  there  is  a  definite  excess  and 
a  more  will  dissolve. 

The  solution  is  filtered  through  a  wet  No.  1  Whatman  filter 
iper  ( 7  cm.)  and  the  filtrate  collected  in  a  similar  test  tube.  If 
filtrate  is  not  clear,  it  is  refiltered  through  a  double  thickness 
wet  filter  paper  or  through  a  more  retentive  paper. 

Three  drops  of  15%  cupric  sulfate  pentahydrate  or  3  drops  of 
>  7o  cobaltous  nitrate  hexahydrate  are  added  to  the  filtrate.  To 
entify  the  unknown  sulfonamide,  the  precipitate  or  color  formed 
compared  with  the  descriptions  given  in  Tables  I  and  II. 


DISCUSSION 

Some  of  the  tests  described  have  been  used  in  this  labora¬ 
tory  for  more  than  a  year  and  a  half,  and  the  color  descriptions 
given  have  proved  adequate  to  make  the  tests  adaptable  for  rou¬ 
tine  use  on  sulfonamide  powders,  tablets,  and  suspensions.  Se¬ 
rial  color  changes  are  gradual,  and  time  intervals  given  for  such 
changes  are  only  approximate.  Color  descriptions  should  be  used 
only  as  a  guide  by  individuals  in  establishing  their  own  impres¬ 
sions  of  the  colors.  Colors  of  precipitates  may  vary  slightly  with 
variations  in  particle  size,  but,  as  a  rule,  such  discrepancies  are 
insignificant.  If  there  is  any  doubt  about  the  identification  of  an 
unknown  by  this  procedure,  the  test  should  be  repeated  with 
known  sulfonamides  run  simultaneously  and  under  the  same  con¬ 
ditions.  It  would  be  expected  that  other  alkali-soluble  sulfanila¬ 
mide  derivatives  would  give  similar  specific  reactions  with  the  co¬ 
balt  and  copper  reagents. 


Table  I.  Cupric  Ion-Sulfonamide  Color  Changes 

Total  Time 


Sulfonamide 

Observed  Changes 

Change  to 

in  Order  of  Appearance 

Appear 

Sulfacetimide 

Light  yellow-green  precipitate 

Light  yellow-green  opalescent  solution 
Light  yellow-green  gelatinous  precipitate 
Light  greenish-blue  sediment  1 

Faint  greenish-amber  supernatant/ 

No  change 

Immediate 

5  seconds 

10  seconds 

5-10  minutes 

30  minutes 

Sulfadiazine 

Yellow  precipitate 

Yellow-green  precipitate 

Green  precipitate 

Green-brown  precipitate 

Brown  precipitate 

Purple-brown  precipitate 

Brownish-purple  precipitate 
Brownish-purple  sediment) 

Cloudy  supernatant  / 

No  change 

Immediate 

5  seconds 

15  seconds 

30  seconds 

1  minute 

2  minutes 

10  minutes 

15  minutes 

30  minutes 

Sulfamerazine 

Light  yellow-green  precipitate 

Deep  green,  clear  solution 

Gray-green,  turbid  solution 

Gray  precipitate 

Gray-brown  precipitate 

Blackish-brown  precipitate 

Gray-brown  sediment  1 

Purple-brown  supernatant / 

No-  change 

Immediate 

15  seconds 

1  minute 

3  minutes 

5  minutes 

15  minutes 

20  minutes 

30  minutes 

Sulfamethazine 

Yellow-green  precipitate 

Dark  green,  turbid  solution 

Orange-brown  precipitate 

No  change 

Immediate 

5  seconds 

2  minutes 

30  minutes 

Sulfanilamide 

Greenish-blue  precipitate 

Blue  precipitate 

Blue  sediment  1 

Colorless  supernatant / 

No  change 

Immediate 

10  seconds 

5  minutes 

30  minutes 

Sulfapyrazine 

Yellow-green  precipitate 

Gray-green  precipitate 

No  change 

Immediate 

2  seconds 

30  minutes 

Sulfapyridine 

Yellow  precipitate 

Light  green  precipitate 

Bright  green  precipitate 

Gray-green  precipitate 

Light  yellow-brown  precipitate 

Light  brown  precipitate 

No  change 

Immediate 

1  second 

10  seconds 

1  minute 

5  minutes 

15  minutes 

30  minutes 

Sulfasuxidine 

Yellow-green  precipitate 

Gray-green  precipitate 

Gray  precipitate 

Gray  sediment  1 

Cloudy  supernatant  / 

Gray  sediment  1 

Faint  amber  supernatant  / 

No  change 

Immediate 

5  seconds 

30  seconds 

2  minutes 

20  minutes 

30  minutes 

Sulfathiazole 

Greenish-brown  precipitate 
Brownish-purple  precipitate 

Purple  precipitate 

Dark  violet-purple  precipitate 

No  change 

Immediate 

15  seconds 

1 . 5  minutes 

5  minutes 

30  minute* 
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Table  II. 

Cobaltous  Ion— Sulfonamide  Color  Changes 

Sulfonamide 

Observed  Changes 
in  Order  of  Appearance 

Total  Time 
for  Observed 
Change  to 
Appear 

Sulfacetimide 

Dilution  of  reagent,  no  reaction 

No  change 

Immediate 

30  minutes 

Sulfadiazine 

Deep  pink-red  solution 

Same  with  gelatinous  precipitate 

Clear  gelatinous  sediment 

Pink-red  supernatant  (precipitate  may 
not  appear) 

No  change 

Immediate 

5  seconds 

5  minutes 

30  minutes 

Sulfamerazine 

Light  pink-white  precipitate 

Rose,  clear  solution 

Same  with  gelatinous  precipitate 

Pink  gelatinous  sediment  1 

Rose  supernatant  / 

No  change 

Immediate 

10  seconds 

15  seconds 

10  minutes 

30  minutes 

Sulfamethazine 

Pink-white  precipitate 

Light  violet-white  precipitate 

No  change 

Immediate 

10  seconds 

30  minutes 

Sulfanilamide 

Pinkish-blue  precipitate 

Light  blue  gelatinous  precipitate 

Light  blue  sediment  1 

Colorless  supernatant/ 

No  change 

Immediate 

30  seconds 

5  minutes 

30  minutes 

Sulfapyrazine 

Amber  solution 

Salmon-pink  solution 

Same  with  gelatinous  precipitate 

Pink  gelatinous  sediment  1 

Light  amber-pink  supernatant/ 
Bluish-pink  sediment  1 

Cloudy  supernatant  / 

No  change 

Immediate 

2  seconds 

5  seconds 

5  minutes 

10-20  minutes 

30  minutes 

Sulfapyridine 

Pinkish-white  precipitate 

Light  violet-pink  precipitate 

Pink-white  precipitate 

Pink- white  sediment  1 

Pink  supernatant  / 

No  change 

Immediate 

30  seconds 

3  minutes 

5  minutes 

30  minutes 

Sulfasuxidine 

Rose  solution 

No  change 

Immediate 

30  minutes 

Sulfathiazole 

Pinkish-blue  precipitate 

Violet-blue  precipitate 

Violet-blue  sediment  1 

Lavender  supernatant/ 

No  change 

Immediate 

10  seconds 

2  minutes 

30  minutes 

Modifications  of  the  tests  for  special  problems  have  been  con¬ 
sidered,  but  they  are  so  obvious  and  instances  so  varied  that  de¬ 
tails  will  not  be  given  here.  In  some  cases,  mixtures  can  be  sepa¬ 
rated  by  fractional  precipitation  or  solution  and  the  components 
identified.  In  such  cases,  it  may  be  desirable  to  confirm  results 
of  these  tests  by  means  of  chemical  and  physical  properties  of  the 
substances.  Calamari  et  al.  (8)  have  studied  and  summarized  the 
chemical  and  physical  properties  of  some  of  the  most  important 
sulfonamides  for  purposes  of  identification. 


INEERING  CHEMISTRY 

The  blue  precipitate  formed  when  cupric  sulfate  is  added  to  . 
0.1  N  sodium  hydroxide  should  be  observed  as  a  precaution 
against  mistaking  it  as  a  positive  copper-sulfanilamide  test.  This 
will,  of  course,  be  obtained  if  excess  sodium  hydroxide  is  present  in 
the  filtrate  being  examined,  so  that  it  is  very  important  to  take 
more  unknown  material  than  can  be  dissolved  in  the  5  ml.  of  alkali 
used  for  the  test.  If  the  unknown  happens  to  be  an  alkali-insoluble 
material,  such  as  sulfaguanidine,  a  questionable  precipitate  will 
result;  this  can  be  avoided  by  adding  the  unknown  to  the  alkali 
in  small  amounts  and  noting  whether  or  not  it  dissolves.  Alkali- 
insoluble  sulfonamides— e.g.,  sulfaguanidine— can  be  differen¬ 
tiated  and  identified  by  tests  such  as  those  of  Calamari  et  al.  (3). 

Another  test  for  checking  a  positive  copper-sulfanilamide  re¬ 
action  may  be  performed  as  follows:  To  the  reaction  mixture 
containing  the  precipitate  are  added  5  ml.  of  30%  sodium  hy¬ 
droxide  followed  by  1  ml.  of  5%  potassium  cyanide.  The  copper- 
sulfanilamide  and  copper  hydroxide  precipitates  both  dissolve  in 
strong  sodium  hydroxide  to  give  blue  solutions.  On  the  addition 
of  potassium  cyanide,  such  a  blue  solution  resulting  from  sulfan¬ 
ilamide  turns  yellow  to  amber,  while  one  resulting  from  copper 
hydroxide  is  decolorized.  Both  cobalt  and  copper  reaction  prod¬ 
ucts  of  other  sulfonamides  react  similarly  to  sulfanilamide  with 
this  cyanide  test.  Arreguine  (2)  reports  that  sulfanilamide  can  be 
detected  in  the  presence  of  its  substitution  derivatives  by  the  m- 
dophenol  reaction,  using  thymol  in  ammoniacal  medium. 

Cobalt-ammonia-sulfonamide  complexes  have  been  studied, 
and  although  they  might  be  used  in  supplementing  information 
obtained  from  tests  reported  here,  they  are  not  so  specific  and  are 
not  considered  necessary  for  inclusion  in  this  paper. 

Cerium,  chromium,  iron  (ferric,  ferrous,  ferricyanide,  ferro- 
cyanide),  manganese,  mercury,  nickel,  and  silver  salts  were 
tested  in  a  search  for  other  metals  which  would  give  easily  differ¬ 
entiated  sulfonamide  reactions  such  as  those  of  cobalt  and  copper 
but  they  were  found  unsatisfactory.  Sodium  sulfanilamide  wit! 
cerium  nitrate  yields  a  precipitate  of  large,  clear  plates  whicl 
might  be  useful  for  microscopic  identification. 
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Method  for  Classification  of  Petroleum  \^axes 
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NEW  petroleum  waxes  are  constantly  appearing  on  the  mar¬ 
ket,  owing  to  the  demand  of  our  Armed  Forces  and  the  fact 
that  imported  waxes  are  very  scarce  or,  in  some  cases,  unobtain¬ 
able.  Petroleum  waxes  have  in  the  past  been  grouped  into 
two  broad  classes — crystalline  (or  paraffin)  and  amorphous  (or 
microcrystalline) .  This  terminology  is  now  obsolete  but  is  still 
used  to  a  certain  extent  by  the  industry,  although  it  is  generally 
understood  that  truly  amorphous  waxes  do  not  exist.  The  two 
classes  of  wax  have  widely  divergent  applicabilities,  and  they 
have  been  differentiated  by  assuming  that  crystalline  waxes  are 
hard  and  brittle,  and  that  the  so-called  amorphous  waxes  are  soft 
and  plastic.  That  this  is  not  necessarily  true  was  indicated  by 
Marcusson  and  Schliitter  ( 8 ),  who  showed  that  ceresine  wax 
(which  is  hard  and  dry)  is  the  same  as  amorphous  wax  of  petro¬ 


leum.  In  general,  waxes  of  low  molecular  weight  are  more  crys 
talline  than  those  of  high  molecular  weight. 

Crystallographic  analysis  does  not  differentiate  clearly  betwee 
the  two  types  of  waxes.  Padgett,  Hefley,  and  Henrikson  {11 
have  shown  that  all  forms  of  waxes  occurring  in  refinery  pra< 
tice,  whether  crystalline  or  amorphous,  are  sufficiently  impure  t 
give  needle  or  foliaceous  crystals.  On  the  other  hand,  Buchle 
and  Graves  (I)  have  shown  that  when  waxes  of  low  or  high  meltin 
points,  molecular  weights,  etc.,  are  sufficiently  purified,  they  cry; 
tallize  in  plates.  Small  amounts  of  impurities  change  the  plat 
form  to  needle  form.  Finally,  Gurwitsch  (5)  states  that  hot 
natural  and  artificial  petrolatums  show  a  microcrystalline  cha 
acter  under  the  microscope  in  polarized  light. 

Possibly  this  was  the  reason  why  the  petroleum  industry  abar 
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A  simple  test  is  described  whereby  the  crystallinity  of  petroleum 
waxes  can  be  measured  in  relative  terms.  The  test  consists  in 
determining  the  melting  point  of  a  wax  and  measuring  the  per  cent 
of  contraction  of  a  known  volume  of  wax  from  10°  F.  above  to 
50°  F.  below  its  melting  point.  With  these  data  the  degree  of 
crystallinity  (called  the  crystallinity  index)  of  the  wax  can  be  calcu¬ 
lated.  The  difference  in  crystalline  structure  of  waxes  and  the 
action  of  pour-point  depressants  on  waxes  are  clarified  by  this  test. 
The  procedure  could  be  used  as  a  substitute  for  or  in  conjunction 
with  the  U.  S.  Army  specifications  for  cohesion  at  low  and  room 
temperatures. 


doned  the  designation  “amorphous”  and  substituted  for  it  the  des¬ 
ignation  “microcrystalline”.  This,  however,  made  the  confusion 
I  even  greater,  since  then  there  were  two  types  of  waxes  on  the 
market — crystalline  (by  imputation,  macrocrystalline)  and  micro¬ 
crystalline.  The  waxes  should  therefore  have  been  distinguished 
by  the  size  of  the  crystals.  Not  only  was  the  crystal  size  which 
would  make  the  boundary  between  the  two  classes  never  specified, 
but  the  size  of  crystals  would  be  very  difficult  to  determine  in 
[commercial  practice.  For  this  reason  attempts  were  made  to  de¬ 
velop  methods  for  distinguishing  between  the  two  types  of 
waxes. 

Jones  and  Blachly  ( 6 )  attempted  to  differentiate  between  mi- 
jcrocrystalline  and  macrocrystalline  wax  by  the  following  test: 
If  a  glass  rod  is  dipped  into  a  chilled  solution  of  oil  containing  a 
precipitate  of  microcrystalline  wax  and  is  withdrawn  the  solu- 

Ition  of  oil  will  drain  off,  leaving  only  a  very  thin  film  of  oil  adher¬ 
ing  to  the  glass.  If  the  same  test  is  applied  to  a  solution  of  oil 
containing  a  precipitate  of  macrocrystalline  wax,  the  oil  will  drain 
off,  leaving  crystals  of  wax  adhering  to  the  glass.  Jones  and 
Blachly  explain  this  phenomenon  by  assuming  that  microcrys- 
talline  wax  has  a  greater  and  macrocrystalline  wax  has  a  smaller 
^surface  tension  than  the  solution.  The  authors  of  this  paper  have 
been  unable  to  duplicate  these  results,  but  at  best  this  test 
could  be  used  to  differentiate  only  between  the  extreme  limits  of 
.crystallinity.  No  other  reference  was  found  in  the  available  liter¬ 
ature  to  any  method  whereby  micro-  and  macrocrystalline  waxes 
can  be  differentiated. 


Table  I. 


Per  Cent  Contraction  of  Macrocrystalline  vs.  Micro¬ 
crystalline  Waxes 


Sample 


Contraction  from 
Melting  Point0  200°  to  80°  F. 


Microcrystalline  waxes 
Amber  Amorphous  A 
High  viscosity  wax  B 
Tank  bottom  wax  C 

Macrocrystalline  waxes 
Paraffin  wax  A 
Paraffin  wax  B 
Paraffin  wax  C 


0  F. 

% 

145 

12.3 

160 

12.5 

188 

12.7 

125 

13.5 

134 

15.3 

142 

16.3 

°  Taken  according  to  A.S.T.M.  Designation  D127. 


PRELIMINARY  WORK 


Peczalski  (12)  showed  that  when  commercial  paraffin  (crystal- 
me)  wax  of  54°  C.  melting  point  was  kept  at  50°  C.  for  24  hours 
ts  specific  gravity  rose  from  0.875  to  0.900.  Microscopical  ex¬ 
amination  showed  that  the  crystals  had  grown  larger.  His  ex- 
ilanation  was  that  certain  constituents  of  the  paraffin  wax 
hanged  its  crystalline  state  with  an  increase  in  specific  gravity  as 
1  consequence.  Graefe  (4)  also  noted  that  paraffin  wax  expands 
onsiderably  (from  11  to  15%)  in  melting. 

During  the  course  of  the  authors’  work  on  petroleum  waxes  it 
.Iso  was  noted  that  on  solidification  the  contraction  of  microcrys- 
alline  waxes  appeared  to  be  different  from  that  of  macrocrystal- 
ine  waxes.  Accordingly,  several  commercial  samples  of  these 
i  faxes  were  allowed  to  cool  from  93.33°  to  26.67°  C.  (200°  to 
’0°  F.)  and  the  per  cent  contraction  of  each  sample  was  noted.  The 
lata  from  Table  I  show  that  the  macrocrystalline  waxes  have  a 


higher  per  cent  contraction  than  the  microcrystalline  samples, 
and  this  test  could  therefore  be  used  as  a  rough  means  for  differ¬ 
entiation. 

Closer  study  of  the  contractions  tabulated  in  Table  I  shows  that 
whereas  an  oil  has  only  one  type  of  contraction  on  cooling,  three 
types  of  contraction  are  involved  when  a  wax  is  cooled  from  above 
its  melting  point  to  below  its  melting  point: 

.  fh®  contraction  of  the  liquid  wax  from  200°  F.  to  its  melt- 
mg  point.  In  this  state  the  wax  behaves  like  an  oil  and  its  per 
cent  contraction  depends  on  the  molecular  weight  only.  There  is 
no  distinction  between  macro-  and  microcrystalline  waxes. 

Kc  is  the  contraction  due  to  the  change  from  liquid  to  solid 
state.  Its  magnitude  does  not  depend  on  the  molecular  weight 
but  on  the  crystallization  tendency  of  the  wax.  The  method  sug- 
gested  in  this  paper  indicates  that  the  Kc  of  an  amorphous  wax 
should  be  zero.  The  greater  the  crystallinity  of  the  wax  the 
greater  should  be  its  Kc. 

of\?ST?S  con^ractjon  the  solid  wax  from  its  melting  point  to 
80  F.  The  magnitude  of  this  contraction  probably  depends 
primarily  on  the  molecular  weight  of  the  wax  and  does  not  meas¬ 
ure  its  crystallinity. 


Table  II.  Constancy  of  Ki  for  Different  Waxes 


Samples 

Density  at 
200°  F. 

Saybolt 
Viscosity 
at  210°  F. 

Melting 

Point, 

°  F. 

Kz  per 
°  F. 

Tank  bottom  wax  C 

0.8078 

77 

188 

0.035 

Amorphous  wax  B 

0.8074 

118 

160 

0.037 

Amorphous  wax  D 

0.7883 

62 

165 

0.037 

Paraffin  wax  D 

0.7717 

50 

163 

0.039 

Paraffin  wax  B 

0.7558 

38 

135 

0.043 

Hence  the  total  contraction,  Kt,  is  equal  to  Kt  +  Kc  +  K,; 
but  macro-  and  microcrystalline  waxes  could  be  most  sharply 
differentiated  by  measuring  Kc  only.  This  could  be  done  in  two 
ways:  (1)  The  contraction  of  the  wax  sample  should  be  deter¬ 
mined  at  its  melting  point.  Unfortunately,  petroleum  wax  (es¬ 
pecially  of  the  microcrystalline  type)  does  not  have  a  sharp  melt¬ 
ing  point,  but  rather  a  melting  point  range,  the  magnitude  of 
which  depends  on  the  molecular  weight  range  and  chemical 
composition  of  the  individual  components  of  the  wax.  (2)  The 
Ki  and  K,  could  be  determined  for  each  individual  wax  and  sub¬ 
tracted  from  Kt,  thus  yielding  the  Kc  by  difference. 

DETERMINATION  OF  Ki  AND  K, 

Samples  of  commercial  waxes  (100  ml.)  of  widely  divergent 
properties  were  allowed  to  cool  at  the  rate  of  10°  F.  per  hour  in  a 
thermostatically  controlled  bath,  and  the  average  per  cent  con¬ 
traction  per  0.556°  C.  (°  F.)  was  noted  for  the  temperatures 
ranging  from  93.33°  C.  (200°  F.)  to  about  2.7°  C.  (5°  F.)  above 
the  melting  point  of  each  sample  (Table  II).  The  results  show 
that  the  value  0.04  can  be  used  for  the  calculation  of  Kt  for  all 
waxes  with  probably  a  maximum  eiyor  of  ±0.005.  This  would 
not  appreciably  affect  the  accuracy  of  the  method,  and  would 
greatly  simplify  the  test. 

Although  the  value  of  the  Ki  of  the  individual  waxes  remained 
more  or  less  constant  for  all  the  temperature  ranges  from  200°  F. 
to  the  melting  point,  it  was  noted  that  the  K,  had  no  such  con¬ 
stant  value.  All  the  wax  samples  yielded  large  values  for  Ks  im- 


Table  III,  Values  for  Ks  of  a  Typical  Macro-  and  Microcrystalline 

Wax 

Paraffin  Wax  D,  163°  F.  M.P.  Amorphous  Wax  B,  160°  F.  M.P. 


Temp,  range,  °  F. 

K.r  f. 

Temp,  range,  °  F. 

K^°  F. 

160-150 

0.630 

157-147 

0.230 

150-140 

0.333 

147-137 

0.188 

140-130 

0.144 

137-127 

0.170 

130-120 

0.078 

127-117 

0.130 

120-  80 

0.040 

117-  80 

0.077 

Av. 

» 

0.155 

0.130 
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Table  IV.  Crystallinity  Index 


due  to  crystal  structure  change,  and  Ki  is  the  per 
cent  contraction  of  the  wax  in  the  liquid  state. 


Sample 


Amorphous  B 
Black  Amorphous  G 
Microwax  A 
Amber  Amorphous  K 
Amber  Amorphous  H 
Yellow  Amorphous  I 
Green  Amorphous  E 
Microwax  B 
Tank  bottom  wax  C 
Ceresine 


Lemon  wax  O 
Wax  D 
Wax  P 
Wax  M 

White  ozokerite 


Scale  wax  F 
Paraffin  wax  A 
Imported  paraffin  I 
Paraffin  wax  D 
Paraffin  wax  H 
Paraffin  wax  B 
Imported  paraffin  G 


Viscosity 

at 

Lovibond 

Color, 

Total 

Crystal- 

210°  F., 

0.5-Inch 

Pene- 

Contrac- 

Unity 

°  F. 

Seconds 

Cell 

tration 

tion,  % 

Index 

True  Microcrystalline  Waxes 

160  118  6YV«R 

28 

8.9 

65 

180 

96 

Black 

18 

9.2 

68 

160 

90 

Dark 

32 

9.3 

69 

148 

50 

35Y22R 

50 

9.3 

69 

181 

69 

35Y45R 

22 

9.4 

70 

160 

49 

35Y2R 

37 

9.4 

70 

181 

90 

Dark 

19 

9.5 

71 

140 

84 

Dark 

40 

9.8 

74 

188 

77 

35Y16R 

28 

10.0 

76 

187 

59 

35Y4‘/2R 

8 

10.4 

80 

157 

Semicrystalline  Waxes 

49  35Y11/4R 

16 

11.4 

90 

165 

62 

IOY'/zR 

19 

11.7 

93 

162 

62 

35Y6R 

25 

12.5 

101 

166 

64 

35Y5R 

25 

12.5 

101 

150 

41 

VsY 

18 

12.7 

103 

132 

Macrocrystalline  Waxes 

39  2Y 

21 

13.3 

109 

125 

39 

White 

18 

13.7 

113 

140 

40 

White 

11 

13.7 

113 

163 

50 

1Y 

18 

13.9 

115 

124 

38 

White 

17 

14.0 

116 

134 

39 

White 

15 

14.1 

117 

148 

41 

White 

13 

14.1 

117 

mediately  below  their  melting  points  and  these  values  decreased 
as  the  temperature  was  lowered.  This  is  shown  in  Table  III  and 
Figure  1,  wherein  samples  of  macrocrystalline  and  microcrystal¬ 
line  wax  of  approximately  the  same  melting  point  were  studied. 
The  large  contraction  immediately  below  the  melting  point  of  the 
wax  is  due  not  simply  to  thermal  contraction  but  also  to  the 
change  in  structure  of  the  solid  wax  with  a  resultant  contraction. 
This  phenomenon  has  also  been  observed  by  Carpenter  (2), 
Muller  ( 9 ),  Yannaquis  (U),  Scott-Harley  (13),  and  Lord  (7). 
Hence,  it  would  be  incorrect  to  subtract  from  Kt  the  average 
values  for  K,  as  listed  in  Table  III,  since  these  values  include  also 
the  contraction  due  to  crystal  structure  change.  This  part  of  the 
contraction  should,  of  course,  be  included  in  Kc  but  cannot  read¬ 
ily  be  obtained  experimentally. 

However,  it  can  be  argued  that  an  ideally  amorphous  wax 
would  contract  in  the  solid  state  as  if  it  were  a  liquid  it  would 
give  a  constant  Ka  which  would  be  identical  with  its  Ki.  Thus 
the  contraction  of  the  waxes  should  be  studied  through  the  same 
temperature  range  with  respect  to  their  melting  points  and  not 
through  the  same  absolute  temperature  range;  and  the  tempera¬ 
ture  range  should  be  broad  enough  to  ensure  that  all  contraction 
due  to  crystal  structure  change  has  ceased. 

Hence  in  the  subsequent  experiments  the  contraction  of  all  of 
the  waxes  was  determined  from  10°  F.  above  to  50°  F.  below  their 
melting  points. 

DEFINITION  Oft  CRYSTALLINITY  INDEX 

Let  us  designate  the  degree  of  crystallinity  of  a  wax  by  the 
term  “crystallinity  index”,  which  is  taken  as  10  Kc,  where: 


Kc  —  Kt  —  ( Ki/°  F.  X  10  +  K,/°  F.  X  50) 


(1) 


or  since  K,/°  F.  can  be  taken  as  equal  to  Ki/°  F.  if  the  procedure 
as  outlined  above  is  followed, 


Ke  =  K,-  Ki/°  F.  X  60 
Since  Ki/°  F.  is  taken  as  0.04  for  all  waxes, 
Kc  =  Kt  —  2.4 
C.I.  =  10  (Kt  -  2.4) 


(2) 

(3) 

(4) 


where  C.I.  is  the  crystallinity  index,  Kt  is  the  total  per  cent  con¬ 
traction  of  the  wax  from  10°  F.  above  its  melting  point  to  50  F. 
below  its  melting  point,  K,  is  that  portion  of  the  per  cent  con¬ 
traction  of  solid  wax  which  is  due  to  thermal  change  and  not 


PROCEDURE 

Pour  exactly  100  ml.  of  the  wax  (whose  melting 
point  has  been  determined  according  to  A.S.T.M. 
Designation  D127)  heated  to  10°  F.  above  its  melting 
point  into  a  100-ml.  mixing  cylinder  which  has  been 
heated  to  the  same  temperature.  Allow  it  to  cool  for 
2  hours  protected  from  drafts  and  then  for  2  hours  in 
a  water  bath  kept  at  50°  F.  below  the  melting  point 
of  the  wax.  As  the  wax  cools  it  will  form  a  cavity 
running  down  the  center  of  thecylinder, often  covered 
by  a  thin  layer  of  wax.  Pierce  the  wax  layer  at  the 
center  with  a  sharp  instrument,  such  as  a  pointed 
glass  rod,  so  that  a  hole  about  2  to  3  mm.  in  diameter 
is  formed.  Add  (from  a  buret)  a  50%  aqueous  solu¬ 
tion  of  glycerol  to  the  100-ml.  mark.  Apply  a  slight 
vacuum  to  liberate  any  trapped  air  and  refill  to  the 
100-ml.  mark.  The  amount  of  liquid  added  is  the 
total  per  cent  contraction. 

Other  types  of  containers  than  measuring  cylin¬ 
ders  did  not  yield  reproducible  results.  For  ex¬ 
ample,  a  100-ml.  volumetric  flask  and  a  100-ml. 
Cassia  flask  did  not  yield  reproducible  results,  because 
of  the  impossibility  of  removing  all  the  entrained  air. 
Water  is  not  suitable  as  the  titrating  agent,  owing  to 
its  low  wetting  power.  W ater  alone  gives  a  meniscus 
which  is  hard  to  read  and  does  not  readily  penetrate  the 
narrow  crevices  formed,  especially  those  crevices  which  are  formed 
when  the  wax  cake  shrinks  away  from  the  sides  of  the  vessel,  as 
is  the  case  with  many  paraffin  waxes.  The  low  surface  tension 
of  aqueous  glycerol  overcomes  this  obstacle.  The  results  are 
reproducible  within  0.5  cc. 

EXPERIMENTAL  DATA 

In  Table  IV  are  listed  the  crystallinity  indexes  of  various 
commercial  wax  samples  arranged  in  ascending  degree  of  crystal¬ 
linity.  The  viscosities  are  all  Saybolt  Universal;  the  colors  were 
taken  with  a  Lovibond  tintometer,  using  standard  red  and 
yellow  glasses;  and  the  penetration  was  taken  according  to  the 
A.S.T.M.  penetration  of  bituminous  materials  test,  Designation 
D5-25.  There  is  unfortunately  no  reliable  test  for  the  deter¬ 
mination  of  oil  in  waxes  (especially  of  the  microcrystalline  type) 
but  waxes  with  a  penetration  less  than  20  could  be  assumed 
to  contain  less  than  1%  oil;  and  with  the  possible  exception  of 
two  samples  (  Amber  Amorphous  K  and  Microwax  B)  none  of  the 
waxes  probably  contained  more  than  5%  oil. 

DISCUSSION  OF  RESULTS 

It  is  to  be  noted  from  Table  IV  that  there  is  no  sharp  line  of  de- 
markation  between  microcrystalline  and  macrocrystalline  waxes. 
The  microcrystalline  waxes  are  products  of  high  viscosity  and 
dark  colors  indicating  the  presence  of  impurities.  They  are 
mainly  residual  products,  with  the  possible  exception  of  samples 
K,  H,  and  I  which  may  be  overhead  fractions.  The  semicrystal¬ 
line  waxes  are  known  to  be  overhead  fractions  of  relatively  high 
viscosity  with  the  exception  of  the  sample  of  white  ozokerite, 
which  is  supposedly  a  residual  product.  The  relatively  high  crys¬ 
tallinity  of  the  white  ozokerite  could  be  explained  by  the  fact 
that  it  might  be  adulterated  with  paraffin  wax,  as  was  the  case 
with  much  of  our  imported  ozokerites  and  ceresines.  The  macro¬ 
crystalline  samples  are  all  paraffin  waxes  and  are  of  course  the 
most  crystalline.  The  scale  wax  sample,  F,  being  only  partially 
refined,  still  contains  a  small  amount  of  impurities  and  conse¬ 
quently  is  the  least  crystalline  of  this  group.  This  test  should,  of 
course,  be  run  on  relatively  oil-free  waxes,  although  the  presence 
of  a  small  amount  of  oil  does  not  greatly  interfere  with  its  results 
(Table  V). 

AMORPHIZING  AGENTS 

Generally  speaking,  the  more  viscous,  dark  waxes  are  micro¬ 
crystalline  and  the  low-viscosity,  light-colored  waxes  are  macro- 
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Table  V.  Effect  of  Amorphizing  Agents  on 

Melting 

Point, 

Crystallization  of  Wax 

Total  Con-  Crystal- 
traction,  linitv 

Sample 

°  F. 

% 

Index 

Paraffin  wax  B  plus: 

134 

14.1 

117 

5%  fully  refined  white  mineral  oil 

132 

13.6 

112 

2%  pour-point  depressant  A 

135 

11.1 

87 

5%  pour-point  depressant  A 

131 

8.9 

65 

5%  pour-point  depressant  B 

5%  Pa.  residue  of  250  viscosity  at 

133 

9.5 

71 

210°  F. 

132 

10.8 

84 

crystalline.  This  agrees  very  well  with  the  theories  of  many  in¬ 
vestigators  who  have  indicated  that  amorphous  waxes  are  caused 
by  the  adsorption  of  certain  impurities  which  could  be  called 
amorphizing  agents  ( 1 ,  5,  6,  11).  Hence,  addition  of  amorphizing 
agents  to  a  macrocrystalline  (commercial  paraffin)  wax  should 
make  the  latter  more  or  less  microcrystalline,  and  this  test  should 
detect  the  conversion  if  the  test  is  at  all  dependable.  For  ex¬ 
ample,  Davis  and  Zimmer  (3)  have  shown  that  the  addition  of 
small  amounts  of  Paraflow  (a  pour-point  depressant)  to  a  wax¬ 
bearing  oil  inhibits  greatly  the  growth  of  wax  crystals. 

That  the  crystallinity  index  is  lowered  by  the  addition  of  a 
pour-point  depressant  or  a  viscous  dark  residual  oil  to  a  wax  of  a 
high  crystallinity  index  is  shown  in  Table  V.  Five  per  cent  of 
fully  refined  white  mineral  oil  (70  viscosity  at  100°  F.;  0  Iodine 
No.)  was  also  added  to  one  sample  of  crystalline  wax  to  prove 

!that  the  reduction  in  crystallinity  index  is  not  due  to  the  simple 
addition  of  oil. 

Conversely,  removal  of  these  amorphizing  agents,  naturally 
occurring  or  artificial,  tends  to  increase  the  crystallinity  of  a 
wax,  and  this  test  should  be  able  to  detect  the  change.  Accord¬ 
ingly,  a  sample  of  crude  Pennsylvania  microcrystalline  wax  was 
highly  refined  and  its  crystallinity  index  increased  from  67  to  82 
(Table  VI). 


Table  VI.  Effect  of  Removal  of  Amorphizing  Agents 

Melting  Crystal- 

„  ,  Point,  linity 

Sample  °  F.  Color  Index 

Crude  Pa.  microcrystalline  wax  131  Black  67 

Refined  Pa.  microcrystalline  wax  130  White  82 


APPLICATIONS  OF  CRYSTALLINITY  INDEX  TEST 

There  is  a  great  demand  by  our  Armed  Forces  for  microcrys¬ 
talline  waxes  which  must  pass  U.  S.  Army  Tentative  Specifica- 
k  tion  AXS-1015.  One  specification  (10)  requires  that  the  wax 
show  good  cohesion  at  low  temperatures  (no  flaking  and  prefer- 

Iably  no  cracking).  Another  specifies  that  it  should  not  show 
cracking  at  room  temperature.  These  tests  are  not  easy  to  per¬ 
form  and  the  results  are  difficult  to  interpret;  consequently  both 
the  Army  and  the  petroleum  industry  are  having  considerable 
•  trouble  setting  up  specifications  to  take  care  of  this  property. 
The  data  show  (Table  VII)  that  the  low-temperature  cohesion 
runs  roughly  parallel  with  the  crystallinity  of  the  wax.  Hence 
the  crystallinity  index  could  be  used  as  a  substitute  for  or  in  con¬ 
junction  with  the  cohesion  tests  and  specifications  could  be  set 
up  in  mathematical  terms  which  could  be  readily  determined  in 
the  laboratories.  Thus  the  cohesion  of  waxes  is  related  to  their 
|  crystallinity  indexes  in  some  such  manner: 

Crystallinity  index  >  100  flaking 

=  100-110  cracking 
=  90-100  slight  cracking 
<  90  acceptable 

Table  VII  also  indicates  that  the  crystallinity  index  can  be 
l  used  to  detect  adulteration  of  microcrystalline  with  commercial 
paraffin  (macrocrystalline)  wax,  since  a  mixture  of  both  tends  to 
have  an  index  higher  than  its  arithmetical  average. 


GENERAL  DISCUSSION 

The  proposed  test  for  determining  the  crystallinity  index  of 
petroleum  waxes  is  based  partly  on  the  assumption  that  the  ex¬ 
tent  of  thermal  contraction  of  an  ideally  amorphous  wax  in  its 
solid  state  is  the  same  as  its  thermal  contraction  in  the  liquid 
state,  and  any  deviation  therefrom  is  due  to  the  crystallinity  of 
the  wax.  However,  the  test  appears  to  grade  waxes  of  known  ori¬ 
gin  in  their  correct  sequence  with  respect  to  their  degree  of  crys¬ 
tallinity.  That  macrocrystalline  waxes  should  show  a  greater 
contraction  than  microcrystalline  waxes  when  passing  from  the 
liquid  to  solid  state  is  to  be  expected,  since  the  intermolecular 
distances  within  a  crystal  are  probably  much  smaller  than  dis¬ 
tances  between  discrete  particles. 

Confirmation  that  this  test  is  reasonably  correct  can  be  seen  in 
the  fact  that  it  checks  with  the  well-known  theory  that  the  so- 
called  amorphous  waxes  are  not  amorphous  per  se,  but  that  the 
formation  of  large  crystals  is  inhibited  by  the  presence  of  certain 


Table  VII.  Crystallinity  Index  vs.  Cohesion  at  Low  Temperatures 


Crystal- 

Low- 

Sample 

linity 

Temperature 

Index 

Cohesion 

Pa.  microcrystalline  wax 

75%  Pa.  microcrystalline  wax  +  25%  par- 

80 

Acceptable 

affin  wax 

50%  Pa.  microcrystalline  wax  +  50%  par- 

94 

Acceptable 

affin  wax 

25%  Pa.  microcrystalline  wax  +  75%  par- 

108 

Slight  cracking 

affin  wax 

115 

Much  cracking 

100%  paraffin  wax 

117 

Flaking 

Amorphous  wax  B 

65 

Acceptable 

Lemon  wax  O 

90 

Slight  cracking 

Figure  1.  Volume-Temperature  Curves  of  Waxes 

O.  Paraffin  wax  D,  163°  F.  m.p. 

•  ■  Amorphous  wax  B,  160°  F.  m.p. 

AB.  Liquid  wax  contraction,  Ki 

BC,  Contraction  due  to  solidification,  Kc 

CD.  Solid  wax  contraction,  Ks 
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types  of  impurities  (amorphizing  agents).  It  also  confirms  the 
experience  of  the  paraffin  wax  industry.  Zaloziecki  (15),  who 
first  studied  the  crystallinity  of  waxes,  was  of  the  opinion  that 
the  wax  in  crude  oil  was  always  in  the  amorphous  state  and  he 
designated  it  as  “protoparaffin”.  This  was  converted  to  the 
crystalline  wax  or  pyroparaffin  by  heat  during  distillation  of  the 
crude  oil.  Undoubtedly  Zaloziecki  never  worked  with  pure  wax 
and  his  products  always  contained  amorphizing  substances.  In 
the  manufacture  of  paraffin  waxes  it  is  necessary  to  eliminate 
amorphizing  substances  and  obtain  the  wax  in  the  crystalline 
state;  otherwise  it  could  not  be  successfully  pressed  and  sweated. 
At  first  the  petroleum  industry  followed  Zaloziecki’s  theory,  and 
by  moderate  cracking  converted  the  “protoparaffins”  to  “pyro- 
paraffins”.  This  was  later  found  to  be  unnecessary  when  better 
fractionation  of  the  wax  distillate  was  accomplished.  Instead  of 
being  destroyed  by  cracking,  the  amorphizing  substances  were 
separated  from  the  wax  by  better  fractionation.  Finally,  the  re¬ 
sults  listed  in  Tables  V  and  VI,  correlating  the  action  of  amorphiz¬ 
ing  agents  on  the  crystallinity  index,  are  further  confirmation  of 
the  validity  of  this  test. 

Assuming  that  this  test  is  valid,  it  is  apparent  that  the  so-called 
amorphous  waxes  are  microcrystalline  in  nature  and  that  the 
only  difference  between  the  crystalline  and  “amorphous”  waxes 
is  a  matter  of  crystal  size  (disregarding  the  types  of  crystals). 

According  to  Davis  and  Zimmer  (3)  and  as  the  crystallinity 
index  of  Paraflowed  wax  shows,  the  action  of  pour-point  depres¬ 


sants  may  be  partially  explained  by  the  fact  that  they  inhibit  the 
growth  of  wax  crystals.  A  wax-oil  mixture,  which  upon  cooling 
forms  smaller  crystals  due  to  the  presence  of  pour-point  depres¬ 
sants,  solidifies  at  lower  temperatures.  This  is  probably  because 
small  crystals  cannot  form  an  interlocking  structure  as  readily  as 
large  crystals. 
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Determination  of  Portland  Cement  in  Drilling  Muds  and 

Soil-Cement  Mixtures 

R.  GEORGE  MIHRAM  and  BETTY  BROWN 
Halliburton  Oil  Well  Cementing  Company,  Duncan,  Okla. 


A  simple  method  for  determining  Portland  cement  in  drilling  muds 
and  soil-cement  mixtures  consists  of  adding  an  excess  of  standard 
acid,  allowing  it  to  react  with  the  calcium  oxide  content  of  the 
cement,  and  back-titrating  the  excess  acid  with  a  standard  base. 
A  blank  sample  of  the  soil  or  mud  and  of  the  cement  should  be 
available,  but  is  not  essential  in  many  instances.  If  blanks  are 
available  it  is  not  necessary  to  standardize  the  acid  and  base,  since . 
only  the  ratio  of  one  to  the  other  is  required. 

IN  OIL-FIELD  work  it  is  frequently  necessary  to  determine  the 
Portland  cement  content  of  drilling  muds.  Often  it  is  neces¬ 
sary  to  determine  whether  cement,  which  causes  flocculation  of 
the  clay  particles  in  the  drilling  mud,  is  present,  so  that  the  mud 
may  be  chemically  treated  to  recondition  it  for  use  as  a  drilling 
fluid,  or  in  order  to  discover  whether  a  cement  sample  is  contami¬ 
nated  with  drilling  mud. 

Recently  the  use  of  soil-cement  in  road  building  has  made  im¬ 
perative  a  method,  preferably  very  rapid  and  simple,  for  deter¬ 
mining  the  cement  content  in  these  soil-cement  mixes. 

EXPERIMENTAL  PROCEDURE 

Six  methods,  including  three  variations  of  one  of  these  meth¬ 
ods,  were  investigated  to  develop  a  reliable  method  for  determin¬ 
ing  the  cement  contamination  of  drilling  muds  or  soils.  In  all 
cases,  except  for  neat  cement  slurry  blanks,  weighed  amounts  of 
cement  were  added  to  weighed  samples  of  drilling  mud.  The  solid 
material  of  the  drilling  mud  was  then  determined  upon  a  separate 
sample,  being  dried  at  110°  C.  to  constant  weight,  which  enabled 


the  authors  to  obtain  the  per  cent  cement  based  on  the  total  solid 
material  present. 


Stjlfate  Determination.  This  is  the  method  proposed  by 
various  cement  manufacturers.  A  sample  of  the  soil-cement,  or 
cement-contaminated  mud,  is  leached  several  times  with  water. 
A  sulfate  determination  is  then  made  on  the  filtrate  using  barium 
sulfate.  This  is  based  on  the  fact  that  about  2%  calcium  sulfate 
is  added  as  a  retarder  in  the  manufacture  of  cement.  Since  the 
calcium  sulfate  content  of  cements  is  so  low  and  variable,  blanks 
on  both  soil  and  cement  are  required.  Great  accuracy  is  called 
for,  since  the  factor  for  converting  sulfate  to  cement  is  very 

The  disadvantages  of  this  method  are  the  slow  filtration,  often 
over  24  hours  for  one  sample,  and  the  great  inaccuracy,  which  is 


shown  in  Table  I .  ,  .  ,  ,  . 

A  S  T  M  Silica  Determination  ( 1 ).  The  sample  is  treated 
with  hydrochloric  acid  and  filtered.  The  residue  is  treated  with 
sodium  hydroxide  and  filtered,  and  a  silica  determination  is  made 
on  the  combined  filtrates. 

Cements  usually  contain  about  21%  silica.  Blanks  on  the  sou 
or  mud  used  are  essential  and  cement  blanks  are  desirable.  Uo'V- 
ever  in  many  cases,  especially  cement  cut  muds,  the  value  21% 
is  sufficiently  accurate  for  the  cement  blank.  The  conversion 
factor  is  relatively  small  and  in  cases  where  great  accuracy  is  not 
required,  the  cement  blank  can  very  well  be  omitted. 

The  greatest  criticism  of  this  method  is  the  time  consumed  in 
filtration,  usually  over  24  hours  for  each  sample.  The  accuracy 
of  the  method  is  not  very  great  (Table  I). 

Calcium  Determination.  The  sample  is  treated  as  in  tne 
silica  determination  and  a  calcium  determination  is  made  upon 

the  silica  filtrate.  ...  ,  i  •  *j„ 

Cements  are  usually  composed  of  about  65%  calcium  oxide. 
This  gives  a  very  good  factor  for  conversion  to  cement  and  more 
often  than  not  a  cement  blank  will  not  be  required.  A  soil  or  mud 
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blank  is  usually  required;  however,  on  rough  work  even  this 
blank  may  become  unnecessary. 

We  are  still  confronted  with  the  slow  filtration  found  in  the 
A.S.T.M.  method  for  silica,  plus  the  additional  separations  re- 


Table  I.  Determination  of  Portland  Cement 


Test  No. 


1 

2 

3 


1 

2 

3 

6 

7 

8 


1 

2 

3 

6 

7 

8 


Cement 

Cement 

Added0,  % 

Found0,  % 

Difference 

Sulfate  Determination 

23.0 

36.0 

+  13.0 

48.0 

53.0 

+  5.0 

65.0 

96.0 

+  31.0 

•S.T.M.  Method  for  Determining  Silica 

3.4 

8.0 

+  4.6 

18.0 

12.0 

-  6.0 

23.0 

24.0 

+  1.0 

42.0 

18.0 

-24.0 

48.0 

40.0 

-  8.0 

65.0 

58.0 

-  7.0 

Calcium  Determination 

3.4 

14.0 

+  10.6 

18.0 

13.0 

-  5.0 

23.0 

23.0 

±  0.0 

42.0 

37.0 

-  5.0 

48.0 

42.0 

-  6.0 

65.0 

56.0 

-  9.0 

quired.  The  accuracy  gained  is  not  appreciably  greater  than  that 
of  the  A.S.T.M.  method  for  silica. 

Silica  from  Carbonate  Fusion.  A  sample  of  the  mixture  is 
fused  with  sodium  carbonate,  dissolved  in  water,  and  acidified 
with  hydrochloric  acid,  and  the  silica  is  determined. 

Blanks  of  soil  are  essential  to  this  method.  Cement  blanks  are 
very  desirable  but  in  rough  work  may  sometimes  be  omitted. 

This  method  is  inherently  slow,  since  a  fusion  and  a  long  slow 
evaporation  to  dryness  are  required.  Where  time  is  of  no  conse¬ 
quence,  this  method  appears  to  be  very  good. 

Silica  Using  Perchloric  Acid.  The  sample  mixture  is 
treated  with  dilute  perchloric  acid,  taken  to  fumes,  diluted,  and 
filtered  to  obtain  the  silica. 

Soil  blanks  are  essential  and  cement  blanks  desirable  as  in  the 
other  methods  using  silica  for  the  cement  determination.  The 
remarks  made  above  apply  to  this  method.  No  great  accuracy 
was  found  with  this  method;  however,  it  is  relatively  fast. 

Volumetric  Method.  Three  variations  were  used  in  this 
method.  Basically  all  are  the  same  and  the  variations  were  used 
as  checks  against  each  other,  so  that  available  equipment  could 
be  utilized  to  the  best  advantage. 

Indicator  Variation.  An  excess  of  standard  0.5  N  hydrochloric 
acid  was  added  to  1. 00  gram  of  the  dried  mixture.  This  was 
brought  to  a  boil,  allowed  to  cool,  reboiled,  and  diluted  to  approxi¬ 
mately  150  ml.  A  few  drops  of  mixed  bromocresol  green- 
methyl  red  indicator  were  added,  and  the  excess  hydrochloric 
acid  was  titrated  to  a  purple  or  green  end  point  with  0.2  N  so¬ 
dium  hydroxide.  This  is  based  on  the  following  reaction: 


Determination  of  Silica  Using  Carbonate  Fusion 

6 

3.4 

4.0 

+  0.6 

7 

18.0 

18.0 

±00 

8 

42.0 

44.0 

+  2.0 

Determination  of  Silica  Using  Perchloric  Acid 

6 

3.4 

2.0 

—  1.4 

7 

18.0 

14.9 

-  3.1 

8 

42.0 

36.3 

-  5.7 

Volumetric  Method 

Bromocresol  Green-Methyl  Red  Indicator 

6 

3.4 

4.0 

-  0.6 

7 

18.0 

18.0 

=fc  0.0 

8 

42.0 

43.0 

+  1.0 

la 

0.65 

0.86 

+  0.21 

lb 

2.56 

2.33 

-  0.58 

lc 

6.2 

6.8 

+  0.6 

2a 

0.65 

0.59 

-  0.06 

2b 

1.30 

1.76 

+  0.46 

2c 

6.2 

7.0 

+  0.8 

2d 

24.8 

23.5 

-  1.3 

3a 

0.65 

0.54 

—  0.11 

3b 

1.30 

2.17 

+  0.87 

3c 

2.56 

3.79 

+  1.23 

3d 

6.2 

7.5 

+  1.3 

9a 

1.31 

1.70 

+  0.39 

Phenolphthalein  Indicator 

9b 

1.96 

2.25 

+  0.29 

9c 

3.85 

3.94 

+  0.09 

9d 

7.37 

7.11 

-  0.26 

9e 

11.47 

11.25 

—  0.22 

9f 

13.17 

12.96 

-  0.21 

pH  Meter  Variation 

6a 

3.40 

4.07 

+  0.67 

6b 

8.1 

8.6 

+  0.5 

6c 

15.0 

15.6 

+  0.6 

6d 

30.7 

29.8 

-  0.9 

7a 

0.88 

1.45 

+  0.67 

7b 

8.1 

8.7 

+  0.6 

7c 

15.0 

16.2 

+  1.2 

7d 

30.7 

28.8 

-  1.9 

High  pH  Method 

8a 

0.61 

0.66 

+  0.05 

8b 

0.96 

1.05 

+  0.09 

8c 

1.29 

1.12 

-  0.17 

8d 

1.80 

1.64 

-  0.16 

8e 

1.86 

1.86 

±  0.0 

8f 

2.37 

2.26 

-  o.ll 

8g 

2.94 

2.71 

—  0.23 

8h 

3.40 

3.14 

-  0.26 

8i 

3.79 

3.85 

+  0.06 

8j 

4.53 

4.57 

+  0.14 

8k 

5.95 

6.05 

+  0.10 

81 

6.26 

6.40 

+  0.14 

8m 

7.12 

7.08 

-  0.04 

8n 

8.12 

8.28 

+  0.16 

8o 

8.74 

8.59 

—  0.15 

8p 

9.47 

9.26 

—  0.21 

8q 

9.65 

9.60 

—  0.05 

Sr 

10.15 

10.25 

+  0.10 

8s 

10.71 

11.00 

+  0.29 

8t 

12.36 

12.30 

—  0.06 

8u 

12.48 

12.41 

-  0.07 

Weight  of  cement  X  100 

per  cent  cement 

weight  of  cement  +  weight  of  dry 

solids 

2H+  +  CaX2  — >  Ca++  +  H* 

where  X  is  used  to  represent  one  equivalent  of  the  slightly  sol¬ 
uble  acids,  of  which  cement  is  commonly  supposed  to  consist,  or  an 
equivalent  of  oxygen. 

In  one  instance  phenolphthalein  was  used  as  the  indicator  to 
find  out  whether  the  indicator  was  critical  (see  Table  I) . 

pH  Meter  Variation.  The  sample  was  treated  exactly  as  in  the 
indicator  variation,  except  that  the  back-titration  was  made  with 
1.0  N  hydrochloric  acid,  using  a  Beckman  pH  meter  to  obtain  the 
end  point  which  was  found  to  be  pH  4.5.  This  end  point  was  ob¬ 
tained  by  plotting  pH  vs.  ml.  of  sodium  hydroxide  used. 

This  method  is  somewhat  simpler  to  use  than  the  indicator  vari¬ 
ation,  since  the  indicator  end  point  is  often  difficult  to  see,  owing 
to  the  suspended  matter  in  the  sample,  which  is  usually  colored 
somewhat.  This  method  requires  the  use  of  an  expensive  instru¬ 
ment  and  unless  the  pH  meter  is  available,  the  indicator  method 
is  probably  to  be  preferred. 

High  pH  Method.  The  sample  was  covered  with  water  and  the 
pH  of  the  suspension  obtained.  Excess  standard  hydrochloric 
acid  was  added  and  treated  as  in  the  indicator  variation.  The 
back-titration  was  then  made  to  the  pH  of  the  water  suspension. 

In  all  three  variations  a  blank  on  the  soil  or  mud  is  essential 
and  one  on  the  cement  is  desirable. 

Several  different  cements  were  used,  using  the  various  volu¬ 
metric  methods  to  check  the  method  against  different  types  and 
makes  of  cement.  This  was  not  deemed  necessary  with  the  other 
methods,  since  they  were  either  too  slow  or  too  inaccurate  to 
merit  further  investigation. 


DISCUSSION 

Because  of  long-drawn-out  filtrations,  in  most  cases  requiring 
over  24  hours,  the  first  four  methods  are  slow,  and  with  the  ex¬ 
ception  of  the  fusion  method,  very  inaccurate. 

The  sulfate  method  is  relatively  fast,  but  very  inaccurate, 
since  the  sulfate  is  such  a  small  part  of  cement. 

The  volumetric  method  is  faster  and  more  accurate  than  any  of 
the  other  methods  tried.  The  data  indicate  that  phenolphthalein 
indicator,  or  back-titration  to  the  initial  end  point,  is  more  ac¬ 
curate  than  back-titration  to  the  mixed  indicator  end  point. 
With  cement-contaminated  muds,  it  makes  no  difference  which 
indicator  is  used,  since  a  deviation  of  1  or  2%  is  permissible. 
Soil-cement  mixes  will  require  phenolphthalein  or  back-titration 
to  the  original  pH.  The  cement  in  soil-cement  mixes  is  usually  be¬ 
tween  4  ar  d  16%  and,  in  this  range,  these  methods  will  be  within 
0.2%  of  the  actual  values.  Using  the  lower  pH  end  point  the  re¬ 
sults  will  be  within  0.6%  of  the  actual  value.  The  accuracy  re¬ 
quired  will  determine  the  best  method.  The  mixed  indicator  end 
point  is  easier  to  see  than  the  phenolphthalein  end  point.  With 
the  pH  meter,  the  high  pH  method  should  be  used. 
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CONCLUSION 


Table  II.  Determination  of  Portland  Cement 

%  Cement  per  Ml.  of  0.5  N  HC1 
Cement  No.  Hydrated  cement  Dry  cement 


1 

2 

3 

4 

5 


2.86 

2.94 

2.71 

2.55 

2.42 


3.70 

3.84 

3.52 

3.32 

3.15 


Many  methods  have  been  suggested  and  tried  with  varying 
success.  The  authors  have  evolved  a  method  which  is  simple  and 
considerably  faster  than  any  method  described  in  the  literature. 
While  this  method  is  not  extremely  accurate,  and  blanks  of  the 
soil  and  the  cement  used  are  desirable,  it  is  accurate  enough  for 
most  practical  purposes. 


SUPPLEMENTAL  INVESTIGATION 

Inasmuch  as  both  soil-cement  mixes  and  cement-contaminated 
muds  would  probably  contain  hydrated  cement,  it  was  thought 
necessary  to  check  the  volumetric  method  using  five  hydrated 
cements.  Neat  cement  slurries  were  allowed  to  set  with  an  ex¬ 
cess  of  water  present.  A  sample  was  then  taken  and  the  per  cent 
cement  determined  using  the  pH  meter  variation.  Using  a  1.000- 
gram  sample  the  results  reported  in  Table  II  were  obtained. 

This  is  as  was  expected,  since  hydrated  cement  has  taken  on 
water  and  contains  less  than  65%  calcium  oxide.  Hence,  hy¬ 
drated  samples  must  be  checked  against  hydrated  cement  blanks 
when  necessary. 
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Glass-Surfaced  Magnetic  Pump 

For  Circulating  Liquids  in  a  High-Vacuum  System 

G.  D.  OLIVER,  W.  G.  BICKFORD,  S.  S.  TODD,  and  P.  J.  FYNN 
Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


IN  CONNECTION  with  the  circulation  of  fats  and  oils  in  a 
large  cyclic  falling-film  molecular  still  ( 1 ),  a  pump  was  de¬ 
signed  to  meet  the  following  principal  requirements:  to  operate 
in  a  system  whose  pressure  may  be  as  low  as  10“ 5  to  10~6  mm. 
of  mercury,  to  avoid  contamination  of  the  cycled  fluid,  to  have 
no  dead  spaces  that  keep  portions  of  the  liquid  from  circulating, 
to  pump  automatically  several  hundred  milliliters  of  liquid  per 
minute,  and  to  drain  by  gravity  and  be  easily  cleaned. 

Several  pumps  with  various  types  of  valves  have  been  de¬ 
scribed  in  the  literature,  but  none  was  found  that  would  meet  all 
requirements  satisfactorily.  A  pump  having  a  hollow  plunger 
and  ball-and-tail  valves  was  used  by  Quackenbush  and  Steenbock 
%)  on  a  new  molecular  still,  but  it  had  insufficient  pumping 
capacity  to  meet  requirements.  A  pump  of  earlier  model 
having  a  hollow  plunger  and  ball  valves  has  been  described  by 
Hickman  (2)  and  by  Rosenberger  (5).  Other  pumps,  more  com¬ 
plex  in  design,  are  difficult  to  operate  in  a  high  vacuum  and  may 
contaminate  the  cycled  liquids. 

A  complete  apparatus  designed  to  fill  the  above  requirements  is 
illustrated  in  Figure  1.  In  general,  it  may  be  used  to  pump  any 
liquid  noncorrosive  to  glass  against  a  considerable  head. 

The  all-glass-surfaced  pump,  B,  is  a  single-acting  type  em¬ 
ploying  electromagnets  to  operate  a  solid  piston.  The  valves  are 
very  sensitive  and  permit  a  volume  efficiency  for  the  pump  of 
95%  based  on  a  measured  delivery  of  17  ml.  per  stroke  at  a  rate 
of  255  ml.  per  minute.  The  holdup  in  the  entire  pumping  unit  is 
very  small,  since  the  liquid  in  the  pump  after  each  stroke  is  rela- 
tively  negligible.  The  pump  is  automatically  operated,  and  its 
speed  is  controlled  through  an  eddy-current  flasher  motor,  C 
(flasher  motor  3-6172,  Sangamo  Electric  Company,  Springfield, 
Ill.).  Hand  switches,  shown  below  C,  may  also  be  used  to  oper¬ 
ate  the  pump. 

By  a  simple  adjustment  of  the  flasher  motor  and  proper  spacing 
of  the  solenoids,  the  length  of  a  stroke  of  the  plunger  and  the  ratio 
of  the  time  of  its  upward  to  its  downward  stroke  may  be  set  for 
the  highest  pumping  efficiency. 

The  4- tube  rectifier,  A,  shown  in  Figure  1  is  used  as  a  direct- 
current  power  supply  for  the  solenoids. 

The  construction  of  the  pump  is  shown  in  detail  in  Figure  2. 


The  plunger,  P,  was  made  from  a  glass  tube  which  was  ground 
together  with  the  glass  cylinder  of  the  pump  in  a  manner  that 
permitted  free  and  smooth  movement  of  the  one  inside  the  other. 
A  mild  steel  rod,  </,  was  sealed  inside  the  plunger  shell  together 
with  a  small  piece  of  asbestos  at  each  end  to  hold  the  rod  firmly  m 
place.  The  hook,  H,  on  top  of  the  plunger  may  be  used  to  re¬ 
move  it  from  the  pump  through  the  large  ground-glass  joint,  B. 
The  plunger  is  approximately  2  cm.  in  diameter,  11.5  cm.  long, 
exclusive  of  the  hook,  and  weighs  160  grams  complete. 

A  depression,  F ,  at  the  bottom  of  the  cylinder  of  the  pump, 
holds  a  woven  fiber-glass  cord,  G,  to  cushion  the  fall  of  the  piston 
when  the  pump  is  empty. 


Figure  1 .  Solenoid  Pump  and  Accessory  Apparatus 
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The  side  arm,  A,  connects  the  intake  to  the  pump  cylinder  at  a 
point  just  below  the  maximum  height  reached  by  the  top  of  the 
plunger  in  its  upstroke.  This  arrangement  permits  any  liquid 
that  leaks  by  the  plunger  during  pumping  to  return  directly  to 
i  the  intake  for  repumping  and  at  the  same  time  relieves  the  back 
pressure  on  the  plunger.  The  two  valves,  Vi  and  F2)  control  the 
>  flow  of  the  liquid  through  the  pump.  Each  valve  is  composed  of 
a  ground-glass  plate,  D,  approximately  1  mm.  thick,  which  makes 
1  contact  with  the  ground  end  of  a  tube  projecting  into  the  valve 
chamber,  C.  The  side  wall  of  the  valve  chamber  is  indented  in 
:  three  places  in  order  to  keep  the  ground-glass  plate  in  a  vertical 
position  close  to  the  end  of  the  projecting  tube,  so  that  proper 
valve  action  may  be  attained.  The  valves  are  tilted  slightly 
from  the  horizontal  to  facilitate  the  draining  of  the  pump  and 
connecting  lines  through  the  stopcock,  E. 

Three  direct  current  solenoids,  »Si_3  (Cutler-Hammer  coils  Nos. 
9,  91,  55,  115-volt  direct  current,  Cutler-Hammer,  Inc.,  Detroit, 
Mich.),  spaced  to  give  the  desired  stroke,  are  used  to  operate  the 
plunger.  Si  raises  the  plunger  and  holds  it  until  the  pump  cylinder 
i  is  filled,  then  is  automatically  removed  from  the  circuit  by  the 
1  flasher.  Simultaneously,  S2  and  S3,  connected  in  parallel,  are 
energized  and  pull  the  plunger  on  the  downward  pumping  stroke. 
The  speed  of  the  flasher  motor,  through  which  the  direct  current  to 
the  solenoids  is  controlled,  may  be  varied  when  necessary  to  give 
a  range  of  7  to  30  complete  pumping  cycles  per  minute.  The 
best  pumping  cycle  allows  the  barrel  of  the  pump  just  enough  time 
to  fill,  following  the  practically  instantaneous  upstroke  and  prior 
to  the  beginning  of  the  downward  stroke.  The  time  for  a  com¬ 
plete  cycle  of  the  piston,  when  a  vegetable  oil  at  50°  C.  was 
pumped  through  an  8-mm.  tube  to  a  reservoir  approximately 
240  cm.  (8  feet)  above  the  valves,  was  4  seconds.  The  4-second 
cycle  may  be  divided  into  2.5  seconds  for  the  upstroke  and  filling 
of  the  pump,  and  1.5  seconds  for  the  downward  stroke. 


energize  solenoids  Si,  S2,  and  S3.  Four  Type  866A/866  mercury- 
vapor  tubes  were  employed  in  the  network,  and  their  electronic 
output  was  unfiltered.  The  wiring  diagram  and  description  of  the 
‘  components  appear  in  Figure  3. 


F\.  Fuse,  1  ampere 
Ft.  Fuse,  3  amperes 

7i,  Ti.  Filament  transformer,  2.5  volts,  5  amperes,  Thordarson  T19F88 
Tt.  Filament  transformer,  2.5  volts,  1 0  amperes,  Thordarson  TI  9F 

The  bridge  network  was  chosen  in  preference  to  other  rectifier 
circuits  because  of  its  simplicity,  and  because  there  were  avail¬ 
able  no  commercially  built  transformers  that  could  supply  500 
milliamperes  at  150  to  200  volts  after  rectification.  This  type  of 
rectifier  has  the  advantage  of  developing  an  average  direct  current 
voltage  that  is  nearly  90%  of  the  effective  alternating  current 
input  voltage,  when  the  voltage  drop  through  the  tube  is  disre¬ 
garded. 

In  the  application  described,  the  plates  of  the  tubes  were  sup¬ 
plied  with  208  volts  alternating  current  from  the  laboratory  line. 
The  average  direct  current  voltage  developed  by  the  rectifier  was 
160  volts.  The  network  can  easily  supply  500  milliamperes,  and 
has  given  entirely  satisfactory  service  during  more  than  a  year  of 
operation. 

A  voltage-doubler  circuit  (3)  operating  from  a  117-volt  alter¬ 
nating  current  supply  might  prove  practical  as  a  power  source 
for  the  pump  in  laboratories  having  no  208-volt  line. 
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Ohio  Valley  Spectrographic  Society 

Representatives  of  approximately  fifteen  industrial  and  educational 
laboratories  in  southwestern  Ohio,  meeting  in  Dayton,  Ohio,  have 
formed  the  Ohio  Valley  Spectrographic  Society.  The  group  is  inter¬ 
ested  in  promoting  interest  in  and  knowledge  of  spectrographic 
analysis.  Meetings  will  be  held  every  six  weeks  in  Cincinnati, 
Columbus,  Dayton,  or  Middletown,  Ohio.  Information  concerning 
the  new  organization  may  be  obtained  from  Miss  B.  J.  BeiseL,  Ma¬ 
terials  Laboratory,  National  Cash  Register  Co.,  Dayton  9,  Ohio. 


New  Colorimetric  Reaction  of  Vitamins  D2  and  D3  and  Their 

Provitamins 

ALBERT  E.  SOBEL,  A.  MARGOT  MAYER,  AND  BENJAMIN  KRAMER 
Pediatric  Research  Laboratory,  Jewish  Hospital  of  Brooklyn,  Brooklyn,  N.  Y. 


A  spectrophotometric  study  has  been  made  of  a  colorimetric 
reaction  of  vitamins  D2  and  D3  that  occurs  on  addition  of  glycerol 
dichlorohydrin  or  related  compounds  in  the  presence  of  acetyl 
chloride  or  other  acid  halides.  With  calciferol  an  immediate  yellow 
color  is  formed  which  turns  green  in  1  minute,  reaches  a  maximum 
in  15  minutes,  and  remains  stable  at  625  m^  for  several  hours. 
With  ergosterol  a  weak  pink  color  is  observed  immediately,  which 
turns  to  orange  in  1  5  to  20  minutes  and  later  to  a  fluorescent  green. 
With  7-dehydrocholesterol  no  color  is  observed  for  several  minutes; 
then  a  faint  pink  color  appears,  which  becomes  more  intense  in 
24  hours.  No  color  is  produced  with  cholesterol.  Under  con¬ 
ditions  suitable  for  quantitative  estimations  at  625  mu,  ergosterol 
has  less  than  4%  and  7-dehydrocholesterol  less  than  0.3%  of  the 
absorption  produced  by  vitamins  D2  and  D3.  Cholesterol  has  no 
absorption.  Conditions  have  been  developed  for  differentiating 
vitamins  D2  and  D3  from  ergosterol  and  7-dehydrocholesterol, 
ergosterol  from  7-dehydrocholesterol,  and  the  dinitrobenzoate  esters 
of  these  compounds  from  the  free  sterols. 

THE  investigation  reported  in  this  paper  deals  with  a  spectro¬ 
photometric  study  of  a  new  colorimetric  reaction  of  vitamins 
D2  and  D3  and  related  sterols  (which  was  observed  by  the  senior 
author,  A.  E.  Sobel).  This  reaction  is  given  on  the  addition  of 
glycerol  dichlorohydrin  or  related  compounds  in  the  presence  of 
acetyl  chloride  or  other  halides  of  acid  nature. 

Under  conditions  which  might  be  suitable  for  quantitative  es¬ 
timations  of  vitamins  D2  and  D3  (at  625  m/x),  ergosterol  has  less 
than  4%  and  7-dehydrocholesterol  less  than  0.3%  of  the  absorp¬ 
tion  produced  by  vitamins  D2  and  D3.  Cholesterol  has  no  ab¬ 
sorption  at  all.  Qualitatively  one  can  readily  differentiate  (1) 
vitamins  D2  and  D3  from  ergosterol  and  7-dehydrocholesterol 
and  (2)  ergosterol  from  7-dehydrocholesterol.  To  the  authors’ 
knowledge  this  is  the  first  colorimetric  reaction  that  distin¬ 
guishes  between  ergosterol  and  7-dehydrocholesterol.  Condi¬ 
tions  were  found  which  permit  differentiation  between  the  di- 
nitrobenzoate  esters  of  the  above  compounds  and  the  free  sterols. 

The  hitherto  available  colorimetric  reactions  given  by  vitamin 
D  have  been  reviewed  by  Ewing  et  al.  ( 1 ),  who  applied  the  anti¬ 
mony  trichloride  reaction  of  Nield  et  al.  (4)  to  the  estimation  of 
vitamin  D  in  fish  oils.  This  reaction  when  compared  to  the 
authors’  reaction  has  the  advantage  of  a  higher  extinction  co¬ 
efficient  at  the  wave  length  of  maximum  light  absorption.  The 
advantages  of  the  authors’  reaction  over  the  antimony  trichlo¬ 
ride  are: 

(1)  the  colors  produced  are  relatively  stable,  (2)  the  color- 
producing  reagent,  glycerol  dichlorohydrin,  is  stable,  and  no 
special  technique  is  involved  in  its  preparation  and  application. 
(3)  The  shape  of  the  absorption  spectra  is  entirely  different  for 
vitamin  D,  ergosterol,  and  7-dehydrocholesterol,  the  maximum 
being  at  625  mu  for  vitamin  D  and  between  500  and  525  m,u  for 
the  two  provitamins.  With  antimony  trichloride  these  maxima 
are  very  close  together  near  500  m,u.  (4)  This  reaction  is  more 
specific  for  vitamin  D  than  antimony  trichloride  because  there  is 
no  reaction  with  cholesterol,  less  interference  produced  by  7- 
dehydrocholesterol  at  625  m^,  and  less  interference  produced  by 
ergosterol  at  625  m/i. 

This  last  statement  requires  further  elucidation.  Table  II 
of  the  paper  of  Ewing  et  al.  ( 1 )  indicates  that  there  is  a  13  to  26% 
increase  in  the  extinction  coefficient  due  to  the  addition  of  ergos¬ 
terol  in  amounts  slightly  higher  than  the  vitamin  D  originally 


present.  There  is  a  contradiction  between  these  results  and  those 
obtained  by  Nield  et  al.  ( 3 ,  4),  who  mentioned  an  extinction  co¬ 
efficient  of  42  for  cholesterol  and  25  for  ergosterol  compared  to 
1800  for  calciferol.  If  we  accept  Nield’s  results  the  interference 
of  ergosterol  is  less  than  in  the  authors’  reaction. 

The  color  reaction  for  vitamin  D  with  pyrogallic  acid  described 
by  Halden  and  Tzoni  (I?)  is  not  given  by  ergosterol  and  7-dehy- 
drocholesterol,  according  to  these  authors.  This  reaction 
though  reported  in  1936,  has  not  found  favor  because  of  the  in¬ 
herent  difficulties  involved  in  standardizing  the  heating  and 
preparation  of  the  aluminum  chloride  solution  in  alcohol.  One 
of  the  present  authors  (A.  E.  Sobel)  found  the  reaction  very  diffi¬ 
cult  to  control. 

REAGENTS  AND  APPARATUS 

1.  Chloroform,  c.p.,  Mallinckrodt. 

2.  Glycerol  1,3-dichlorohydrin,  Eastman  Kodak  practical 

grade  (colorless  liquid).  If  liquid  is  not  colorless  it 
should  be  redistilled  under  vacuum. 

3.  Acetyl  chloride,  c.p. 

4.  Calciferol  (Mead  Johnson). 

5.  Ergosterol,  freshly  recrystallized,  m.p.  162°  C. 

6.  Cholesterol,  m.p.  147°  C. 

7.  7-Dehydrocholesterol,  freshly  recrystallized,  m.p.  150°  C. 

8.  Calciferol  3,5-dinitrobenzoate. 

9.  Vitamin  D3  3,5-dinitrobenzoate. 

10.  7-Dehydrocholesterol  3,5-dinitrobenzoate. 

Nos.  7,  8,  9,  and  10  were  obtained  from  Du  Pont. 

11.  7-Dehydrocholesterol  3,5-dinitrobenzoate,  m.p.  208°  C. 

12.  Ergosterol  3,5-dinitrobenzoate,  m.p.  198°  C. 

13.  Cholesterol  3,5-dinitrobenzoate,  m.p.  187°  C. 

14.  Vitamin  D3  (Ayerst,  McKenna,  and  Harrison). 

Nos.  5,  6,  11,  12,  and  13  were  prepared  in  the  authors’  labo¬ 
ratory. 

Special  apparatus.  A  Coleman  Model  11  Universal  spectro¬ 
photometer  was  used,  with  cell  diameter  of  1.3  cm. 

QUALITATIVE  EXPERIMENTS 

While  all  these  experiments  cannot  be  described,  the  more 
important  ones  are  summarized  below. 

For  the  qualitative  experiments  a  trace  of  the  sterol,  1  cc.  of 
solvent,  and  1  or  2  cc.  of  reagent  were  used.  They  may  be  di¬ 
vided  into  four  parts:  (1)  reaction  of  the  different  sterols;  (2) 
color  reaction  in  various  solvents;  (3)  intensification  of  color  by 
the  addition  of  acid  halides  to  glycerol  1,3-dichlorohydrin;  and 
(4)  reaction  with  other  halogenohydrins. 

1.  The  reagent  employed  was  glycerol  1  3-dichlorohydrin 
(Eastman  Kodak’s  practical  grade) .  The  sterols  tested  were  cal¬ 
ciferol,  ergosterol,  7-dehydrocholesterol,  and  cholesterol,  and  the 
3,5-dinitrobenzoate  esters  of  vitamins  D2  and  D3,  ergosterol,  7- 
dehydrocholesterol,  and  cholesterol. 

The  results  obtained  were  essentially  similar  in  the  various 
solvents  described  below. 

Calciferol  and  vitamin  D3  gave  an  immediate  yellow  color, 
which  turned  green  within  the  first  1  or  2  minutes;  the  color 
intensified  considerably  in  the  first  20  minutes,  while  a  slight  in¬ 
crease  in  color  was  still  noticeable  during  the  next  24  hours. 
The  3,5-dinitrobenzoates  of  vitamins  D2  and  D3  gave  the  same 
reaction  as  calciferol,  only  somewhat  slower. 

Ergosterol  at  first  gave  no  visible  color.  In  about  2  to  3  min¬ 
utes  a  pink  color  appeared,  which  turned  to  orange  after  about  30 
minutes,  and  to  a  green  fluorescent  color  during  the  next  2  to  3 
hours.  After  this  period  no  further  change  was  observed. 

Ergosterol  3,5-dinitrobenzoate  behaved  like  the  free  ergosterol. 
In  the  case  of  7-dehydrocholesterol  at  first  no  visible  color  was 
observed.  A  faint  pink  color  was  noticeable  after  about  1  hour, 
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which  increased  only  slightly  within  24  hours.  Cholesterol  and 
the  3,5-dinitrobenzoates  of  7-dehydrocholesterol  and  cholesterol 
showed  no  color  in  the  first  24  hours.  In  about  2  to  3  days  a 
very  faint  greenish  color  was  noticeable. 

2.  The  reactions  of  glycerol  1,3-dichlorohydrin  with  the 
sterols,  dissolved  in  various  solvents,  are  described  below.  A 

[green  color  with  calciferol  developed  in  chloroform,  carbon  tetra¬ 
chloride,  ethylene  dichloride,  acetylene  tetrachloride,  benzene, 
glacial  acetic  acid,  dibutyl  phthalate,  and  petroleum  and  ethyl 
ethers,  where  two  layers  were  formed,  the  lower  one  green. 

No  color  developed  in  95%  alcohol,  acetone,  acetic  anhydride, 
a  mixture  of  acetic  anhydride  and  chloroform,  a  mixture  of  acetic 
I  anhydride  and  glacial  acetic  acid,  propylene  glycol,  Cellosolve, 
triethanolamine,  morpholine,  dioxane,  pyridine,  ethylene  chloro- 
'hydrin,  trimethylene  chlorohydrin,  propylene  chlorohydrin, 
glycerol  a-monochlorohydrin,  propionic  anhydride,  and  butyric 
anhydride.  The  reactions  of  the  various  sterols  are  described 
above. 

3.  Upon  purification  by  filtration  over  charcoal  or  by  redis¬ 
tillation,  glycerol  1,3-dichlorohydrin  no  longer  gave  a  color  with 
any  of  the' sterols  mentioned.  On  addition  of  various  acidic 
halides  the  reagent  regained  its  activity.  An  immediate  green 
color  was  obtained  with  calciferol  upon  the  addition  of  hydro- 
ichloric  acid  (liquid  or  anhydrous),  a  mixture  of  hydrochloric  and 
jsulfuric  acids,  hydrobromic  acid,  acetyl  chloride,  phosphorus 
pentachloride,  phosphorus  oxychloride,  or  benzoyl  chloride.  A 
slowly  developing  green  color  appeared  upon  the  addition  of  con¬ 
centrated  sulfuric  acid,  barium  chloride,  aluminum  chloride 
((solution  cloudy,  probably  owing  to  a  precipitation  of  aluminum 
hydroxide).  A  rusty  brown  color  developed  with  stannic 
chloride,  a  pale  orange  color  with  mercuric  chloride.  No  color 
formed  on  the  addition  of  phosphorus  trichloride,  stannous 
chloride,  zinc  chloride,  or  thionyl  chloride.  When  thionyl 
chloride  was  added  the  green  color  (formed  between  calciferol  and 
1,3-dichlorohydrin)  disappeared.  This  may  offer  a  clue  as  to  the 
nature  of  the  color  produced. 

All  the  sterols  showed  the  reactions  described  in  (1)  above. 

4.  Instead  of  glycerol  1,3-dichlorohydrin  other  related  re- 
jagents  were  also  tested  with  calciferol.  Under  the  same  condi¬ 
tions  described  for  1,3-dichlorohydrin,  an  immediate  green  color 
appeared  with  glycerol  1,3-dibromohydrin  and  glycerol  2,3- 
iichlorohydrin.  A  slow  reaction  took  place  with  l-chloro-2,3- 
iibromopropane.  These  reagents  behaved  like  1,3-dichloro¬ 
hydrin,  in  that  the  color  became  more  intense  upon  the  addition  of 
hydrochloric  acid  or  acetyl  chloride.  No  color  developed  with 
jthylene  chlorohydrin,  trimethylene  chlorohydrin  propylene 
chlorohydrin,  propylene  glycol,  acetylene  tetrachloride,  trichloro- 
dydrin,  1  chloro-2, 3-epoxypropane,  or  glycerol  a-monochlorohy- 
±nn. 

QUANTITATIVE  EXPERIMENTS 

The  quantitative  experiments  were  mainly  based  on  the  re¬ 
sults  found  in  the  qualitative  experiments.  They  were  divided 
nto  three  major  and  seven  minor  parts,  which  consisted  of  (I) 
reaction  with  glycerol  1,3-dichlorohydrin  (Eastman  Kodak 
practical  grade);  (II)  reaction  with  purified  glycerol  1,3-dichloro- 
aydrin,  containing  anhydrous  hydrochloric  acid;  and  (III)  re¬ 
action  with  purified  glycerol  1,3-dichlorohydrin,  containing 
■acetyl  chloride.  The  seven  subdivisions  were:  (1)  best  solvent 
:or  development  of  color;  (2)  influence  of  temperature  and  light 
an  development  of  color;  (3)  preferable  proportions  of  solvent 
and  reagent;  (4)  period  of  time  for  reaching  maximum  color 
development ;  (5)  wave  length  best  suited  for  readings  of  vitamin 
D  in  spectrophotometer;  (6)  relationship  between  concentration 
ind  absorption;  and  (7)  best  proportions  of  glycerol  1,3-dichloro- 
iiydrin  and  hydrochloric  acid  or  acetyl  chloride. 

All  these  experiments  were  at  first  carried  out  witfi  calciferol. 
The  conditions  which  were  considered  suitable  for  quantitative 
vork  were  then  tested  on  ergosterol,  7-dehydrocholesterol,  cho¬ 
lesterol,  and  the  3,5-dinitrobenzoates  of  the  above  sterols  in  addi¬ 
tion  to  the  dinitrobenzoates  of  vitamins  D2  and  D3.  The  original 
■eason  for  testing  the  dinitrobenzoates  was  inability  to  obtain 
Jure  vitamin  D3.  Later  on  the  authors  were  able  to  obtain 
crystalline  vitamin  D3  but  because  of  the  limited  amount  avail- 
ible  experiments  were  not  so  exhaustive  as  with  the  other  sterols 
rested. 

I.  Reactions  with  Practical  Glycerol  1,3-Dichloro- 
iydrin.  For  the  experiments  described  in  (1)  and  (2)  below 
).3  mg.  of  calciferol  was  dissolved  in  3  cc.  of  solvent  and  to  this 


1.5  cc.  of  glycerol  1,3-dichlorohydrin  were  added.  The  colors 
were  developed  for  45  minutes  in  the  dark  at  room  temperature, 
if  not  otherwise  stated,  and  read  in  the  Coleman  spectrophotom¬ 
eter  between  400  and  650  m/a,  at  25-m/n  intervals. 

1.  As  shown  by  the  qualitative  experiments,  the  following 
solvents  gave  a  color  reaction  and  were  therefore  quantitatively 
tested:  chloroform,  carbon  tetrachloride,  benzene,  glacial  acetic 
acid,  ethylene  dichloride,  dibutylphthalate,  acetylene  tetrachlo¬ 
ride,  and  petroleum  and  ethyl  ethers. 

With  dibutylphthalate,  carbon  tetrachloride,  and  benzene  very 
little  color  developed.  Glacial  acetic  acid  did  not  mix  too  well 
with  the  reagent  in  all  proportions.  As  ethers  are  very  volatile 
solvents,  they  were  not  well  suited  for  this  purpose.  Acetylene 
tetrachloride  and  even  more  ethylene  dichloride  gave  good  color 
reactions  with  some  proportions  of  the  reagent,  but  could  not 
compare  with  chloroform.  Chloroform  was  found  to  be  the  best 
solvent  for  this  reaction,  because  the  most  intense  color  was 
reached  with  it  in  all  proportions  of  solvent  and  reagent,  and  the 
straightest  line  was  obtained  when  concentrations  were  plotted 
against  absorption  of  light. 

2.  Experiments  were  carried  out,  where  the  color  was  de¬ 
veloped  in  the  refrigerator,  at  room  temperature  (26°  to  28°  C.), 
and  in  37°  and  60°  incubators  (Table  I). 


Table  I.  Influence  of  Temperature  on  Color  Development 

(Calciferol  dissolved  in  chloroform  and  treated  with  glycerol 
1 ,3-dichlorohy  drin) 

Log  L> /I  at  625  m/i 
Room 

temperature, 

Refrigerator  27°  C.  37°  C.  60°  C. 

0.014  0.098  0.104  0.096 


400  450  500 

550 

600 

650 

WAVE  LENGTH  IN 

MU 

Fisure  1.  Absorption  Spectra  of  Sterols 

Solvent  to 

Ergosterol, 

Condi- 

Glycerol  1,3-Dichloro- 

Reagent 

7-Dehydro- 
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hydrin 
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Calciferol 

cholesterol 

Mg. 

Mg. 

1 

Practical 

1:4 

0.3 

3.0 

3 

0.5%  acetyl  chloride 

4:1 

0.2 

2.0 

4 

1.0%  acetyl  chloride 

3:2 

0.2 

2.0 
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Figure  2.  Relation  between  Concentration  of  Sterols  and  Light 
Absorption 

Solvent  to  reagent  ratio,  1  to  4 

Only  vitamin  D  plotted  against  inner  scales 

Cal.  Calciferol 

Cal.-3,5.  3,5-Dinitrobenzoate  of  calciferol 
Ds-3,5.  3,5-Dinitrobenzoate  of  vitamin  Ds 
Erg.  Ergosterol 

Erg-3,5.  3,5-Dinitrobenzoate  of  ergosterol 
7-De.  7-Dehydrocholesterol 


Table  II.  Proportions  of  Solvent  and  Reagent 


Chloroform,  cc. 

(0.3 

4 

mg.  of  calciferol) 

3  2 

1 

Evaporated 

Dichlorohydrin,  cc. 

1 

2  3 

4 

to  dryness 

5 

Log  la /I  at  625  m/i 

0.071 

0.109  0.111 

« 

0.118 

0.112 

The  colors  developed  about  seven  times  slower  in  the  refrigera¬ 
tor  than  at  room  temperature.  No  distinct  difference  was  no¬ 
ticed  between  room  and  higher  temperatures,  as  may  be  seen  in 
Table  I.  Colors  showed  no  difference  when  developed  in  light 
(no  sunlight  or  direct  electric  light)  or  in  the  dark.  To  assure 
constant  conditions  all  colors  were  developed  in  the  dark  at  room 
temperature,  which  varied  from  26°  to  28°  C.  in  these  experi¬ 
ments. 

3.  Six  different  proportions  of  solvent  to  reagent  were  tested: 
0.3  mg.  of  calciferol  were  dissolved  in  (a)  4  cc.  of  solvent  and 
1  cc.  of  dichlorohydrin  added,  ( b )  3  cc.  of  solvent  and  2  cc.  of 
dichlorohydrin  added,  (c)  2  cc.  of  solvent  and  3  cc.  of  dichloro¬ 
hydrin  added,  (d)  1  cc.  of  solvent  and  4  cc.  of  dichlorohydrin 
added,  (e)  0.5  cc.  of  solvent  and  4.5  cc.  of  dichlorohydrin  added, 
and  (/)  solvent  evaporated  to  dryness  and  5  cc.  of  dichlorohydrin 
added. 

In  this  series  of  experiments  the  colors  were  developed  for  30 
minutes  in  the  dark  at  room  temperature  and  read  in  the  spectro¬ 
photometer  at  wave  lengths  between  400  and  650  m/i,  at  25-m/i 
intervals. 


Even  though  chloroform  seemed  to  be  the  best  solvent, 
these  experiments  were  carried  out  with  all  the  above- 
mentioned  solvents. 

Maximum  absorption  was  obtained  when  calciferol  was 
dissolved  in  1  cc.  of  chloroform  and  4  cc.  of  dichlorohydrin 
were  added  (Table  II).  In  all  solvents  tested  the  maxi¬ 
mum  color  was  obtained  with  the  same  proportion  of 
solvent  and  reagent. 

4.  To  find  the  time  of  maximum  absorption  experiments 
were  carried  out  using  0.3  mg.  of  calciferol  in  3,  2,  and 
1  cc.  of  solvent  and  the  volume  was  made  to  5  cc.  with 
dichlorohydrin.  The  solvents  used  were  chloroform,  ben¬ 
zene,  glacial  acetic  acid,  carbon  tetrachloride,  and  ethylene 
dichloride.  The  colors  were  read  in  the  spectrophotometer 
between  400  and  650  m/i  after  developing  them  in  the 
dark  at  room  temperature  for  5,  10,  15,  20,  30,  45,  60, 
and  90  minutes,  and  2,  3,  4,  and  6  hours. 

After  the  first  15  minutes  had  passed  the  intensity  of 
the  color  remained  almost  constant  with  only  a  slight  rise 
in  the  absorption  afterward  (Table  III). 

Based  on  these  results,  at  first,  30  minutes  were  chosen 
for  color  development  but  as  ergosterol  interfered  more 
in  this  period  of  time  (as  described  below)  the  colors  of 
calciferol  were  read  at  the  end  of  15  minutes. 

5.  The  previous  experiments  indicated  the  most  suit¬ 
able  wave  length  to  be  employed.  Additional  experi¬ 
ments  were  carried  out  to  ascertain  the  wave  length  of 
light  most  suited  for  calciferol  studies.  The  same  three 
proportions  of  chloroform  and  dichlorohydrin  were  taken 
as  described  in  (3).  Colors  were  developed  for  30  minutes 
in  the  dark  at  room  temperature.  The  wave  length  of 
maximum  absorption  of  calciferol  was  reached  in  the 
authors’  spectrophotometer,  which  does  not  go  beyond 
400  mu,  at  400  to  425  m/t.  A  second  peak  was  reached 
at  625  m/u,  which  was  chosen  as  the  most  convenient 
wave  length,  since  it  is  the  wave  length  of  minimum  ab¬ 
sorption  of  ergosterol  and  7-dehydrocholesterol. 

Typical  absorption  spectra  of  calciferol,  ergosterol,  and 
7-dehydrocholesterol  are  shown  in  Figure  1,  which  was 
taken  under  the  best  conditions  for  differentiating  calciferol  from 
the  other  sterols.  There  is  a  maximum  for  calciferol  at  625  m/i 
and  in  the  ultraviolet  beyond  400,  and  a  minimum  between 
500  and  550  m/i.  There  is  a  maximum  at  550  for  ergosterol  and 
at  500  for  7-dehydrocholesterol  and  a  minimum  for  ergosterol 
and  7-dehydrocholesterol  at  625  and  450.  The  shapes  of  the 
absorption  spectra  of  the  3,5-dinitrobenzoates  were  similar  to 
those  of  the  free  sterols. 

6.  The  relationship  between  concentration  of  sterols  and 
light  absorption  is  shown  in  Figure  2.  The  sterols  were  dis¬ 
solved  in  1  cc.  of  chloroform  and  the  color  was  developed  by 
adding  4  cc.  of  glycerol  1,3-dichlorohydrin  and  allowing  the  solu¬ 
tion  to  stand  in  tfre  dark  at  room  temperature  for  20  minutes. 
The  light  absorption  was  read  at  the  end  of  this  time  at  625  m/i. 
This  time  was  chosen  because  calciferol  reached  its  maximum 
absorption,  but  the  other  sterols  did  not  and  thus  the  difference 
was  most  marked. 


Table  III.  Influence  of  Time  on  Color  Development 

(0.3  mg.  of  calciferol  in  1  cc.  of  solvent  +  4  cc.  of  dichlorohydrin) 


Log  Io /I  at  625  m n 


5 

10 

15 

20 

30 

60 

2 

Solvent 

min. 

min. 

min. 

min. 

min. 

min. 

hours 

CHCh 

0.064 

0.093 

0.118 

0.121 

0.121 

0.122 

0. 

132 

0.078 

0.084 

0.089 

0.090 

0. 

102 

CHsCOOH 

0.080 

0.088 

0.091 

0.102 

0. 

112 

ecu 

0.069 

0.076 

0.080 

0.090 

0. 

111 

Ethylene 

dichloride 

0.072 

0.088 

0.092 

0.098 

0. 

112 

6 

hours 


0. 142 
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Figure  3.  Absorption  Spectra  of  Sterols 


Glycerol  1,3-Dichloro- 
Conditions  hydrin 


5  4%  acetyl  chloride 

6  2%  acetyl  chloride 


Solvent  to 
Reagent 
Ratio 


2:3 

1:4 


Ergosterol, 
7-Dehydro- 
Calciferol  cholesterol 
Mg.  Mg. 

0.2  2.0 

0.2  2.0 


It  is  seen  in  Figure  2  that  under  these  conditions  there 
s  a  marked  difference  between  the  free  sterols  and  the 
linitrobenzoates.  The  dinitrobenzoate  of  calciferol  has 
.bout  one  sixth  of  the  absorption  of  the  free  vitamin. 
The  dinitrobenzoate  of  7-dehydrocholesterol  gives  no  color 
it  all.  The  dinitrobenzoate  of  ergosterol  has  about  one 
lalf  the  absorption  of  the  free  sterol. 

The  second  point  worth  mentioning  is  the  marked 
lifference  in  the  colors  produced  by  ergosterol  and  7-de- 
lydrocholesterol.  This  applies  to  the  free  sterols  as  well 
is  to  the  dinitrobenzoates.  This  is  in  marked  contrast  to 
he  two  vitamins  derived  from  these  sterols,  whose  absorp- 
ions  differ  only  to  a  minor  degree. 

II.  Reactions  with  Pure  Glycerol  1,3-Dichloro- 
iydrin  Containing  Anhydrous  Hydrochloric  Acid. 
The  reagent  was  prepared  by  passing  freshly  dry  generated 
liydrochloric  acid  directly  into  glycerol  1,3-dichlorohydrin. 
The  saturated  solution  was  approximately  0.75  N.  In 
iddition  to  the  six  experiments  described  under  I,  a 
seventh  was  added  to  determine  the  influence  of  various 
Joncentrations  of  hydrochloric  acid  in  the  dichlorohydrin 
■eagent.  The  different  proportions  tested  were  (a)  15  parts 
jf  pure  dichlorohydrin  and  1  part  saturated  with  hydro¬ 
chloric  acid,  ( b )  9  parts  of  pure  reagent  and  1  part 
saturated  with  hydrochloric  acid,  (c)  4  parts  of  pure 
reagent  and  2  parts  saturated  with  hydrochloric  acid, 
ind  (d)  dichlorohydrin  completely  saturated  with  hydro¬ 


chloric  acid.  The  last  gave  the  most  color.  The  best  pro¬ 
portion  of  solvent  to  reagent  was  also  1  to  4.  When  anhydrous 
hydrochloric  acid  was  added  to  the  solvent,  no  improvement  of 
the  results  was  noticed.  The  solvent  became  yellowish  and 
the  color  intensity  produced  on  addition  of  the  reagent  was  not 
reproducible. 

The  colors  obtained  with  the  hydrochloric  acid  reagent  were 
more  intense  than  the  ones  obtained  with  practical  dichlorohy¬ 
drin  alone.  Ergosterol  gave  about  the  same  reaction  as  with 
practical  dichlorohydrin,  the  intensity  of  the  color  being  some¬ 
what  greater. 

The  investigations  on  hydrochloric  acid  as  agent  to  intensify 
the  color  were  not  completed,  as  it  was  noticed  that  the  results 
obtained  were  not  very  reproducible,  though  the  amount  of  hy¬ 
drochloric  acid  present  in  the  reagent  was  determined  on  each 
batch  of  fresh  reagent  and  was  found  to  be  fairly  constant. 

III.  Reactions  with  Pure  Glycerol  1,3-Dichlorohydrin 
Containing  Acetyl  Chloride.  The  experiments  with  acetyl 
chloride  are  described  in  detail,  since  the  color  produced  with 
dichlorohydrin  in  the  presence  of  acetyl  chloride  seems  well 
suited  for  quantitative  purposes.  These  colors  are  more  intense 
than  those  obtained  under  the  previously  described  conditions. 
The  results  obtained  on  the  spectrophotometer  were  reproduc¬ 
ible  as  much  as  6  months  apart,  employing  different  batches  of 
calciferol  and  acetyl  chloride.  The  acetyl  chloride  employed  was 
at  first  redistilled  but  this  was  found  to  be  a  needless  precaution. 

Here  again  chloroform  seemed  to  be  the  medium  in  which  the 
most  intense  colors  were  produced  between  calciferol  and  the  re¬ 
agent.  (When  the  chloroform  was  specially  purified  and  redis¬ 
tilled,  the  colors  were  about  20%  more  intense.  Chloroform  with¬ 
out  any  treatment  was  actually  employed,  since  the  specially 
purified  chloroform  deteriorates  on  standing.) 


Mg.  of  STEROL 

Figure  4.  Relation  between  Concentration  of  Sterols  and  Light 
Absorption 

Dichlorohydrin  containing  1  %  acetyl  chloride 

Solvent  to  reagent  ratio.  3  to  2 

Only  vitamin  D  plotted  against  inner  scales 
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The  results  were  obtained  with  0.2  mg.  of  calciferol,  2.0  mg.  of 
ergosterol,  and  2.0  mg.  of  7-dehydrocholesterol  and  read  at  the 
end  of  15  minutes.  The  ratios  of  solvent  to  reagent  explored  were 
4  to  1,  3  to  2,  2  to  3,  and  1  to  4.  The  acetyl  chloride  in  the  re¬ 
agent  varied  from  0.5  to  5%  by  volume. 

The  shape  of  the  absorption  spectrum  underwent  a  change  with 
the  various  proportions  of  reagent.  The  percentage  of  acetyl 
chloride  affected  only  the  intensity  but  not  the  shape,  the  maxi¬ 
mum  for  calciferol  at  625  m/j.  being  more  distinct  with  low  pro¬ 
portions  of  reagent  whereas  the  maximum  at  400  becomes  rap¬ 
idly  more  distinct  with  higher  proportions  of  the  reagent.  This 
becomes  even  more  evident  on  examining  the  minimum  between 
525  and  550  m/st.  There  is  a  greater  difference  between  the 
absorption  minimum  and  625  m/n  at  the  lower  proportion  of  re¬ 
agent,  and  between  400  inn  and  the  minimum  at  the  higher  pro¬ 
portions  of  reagent.  The  actual  minima  at  the  higher  propor¬ 
tions  of  reagent  are  at  550  mfi  and  there  is  a  distinct  rise  in  ab¬ 
sorption  by  500  mju.  These  changes  may  be  seen  in  the  represen¬ 
tative  Figures  3  and  4. 

The  results  at  400,  500,  and  625  m/i  are  given  in  Table  IV. 
Each  figure  is  the  average  of  two  to  four  estimations,  which  were 
all  close  together  and  were  shown  to  be  reproducible  months 
later.  Ten  times  as  much  ergosterol  and  7-dehydrocholesterol 
was  used  as  calciferol.  By  looking  at  these  tables  one  can  choose 
the  conditions  suitable  for  various  purposes. 

For  example,  with  0.5%  of  acetyl  chloride  and  a  solvent- 
reagent  ratio  of  4  to  1  7-dehydrocholesterol  gives  no  color  at  625 
mju  and  is  thus  well  suited  for  determining  ergosterol  or  calciferol 
in  the  presence  of  7-dehydrocholesterol.  At  a  ratio  of  3  to  2  and 
1%  acetyl  chloride  at  625  m/i  ergosterol  has  less  than  4%  and 


Table  IV.  Influence  of  Acetyl  Chloride  on  Color  Development 
after  1 5  Minutes 


CHCla- 

Acetyl  Chloride 

hydrin  Ratio 

Sterol 

mfj. 

0.5% 

1% 

2% 

3% 

4% 

5% 

4  to  1 

a 

400 

0.048 

0.058 

0.059 

0.068 

0.088 

0.052 

b 

0.030 

0.050 

0.048 

0.072 

0.055 

0.045 

c 

0.000 

0.033 

0.010 

0.018 

0.010 

0.008 

a 

500 

0.020 

0.028 

0.031 

0.041 

0.040 

0.031 

b 

0.020 

0.037 

0.043 

0.068 

0.065 

0.055 

c 

0.000 

0.017 

0.005 

0.012 

0.012 

0.010 

a 

625 

0.030 

0.035 

0.041 

0.044 

0.048 

0.041 

b 

0.014 

0.023 

0.025 

0.038 

0.031 

0.029 

c 

0.000 

0.008 

0.002 

0.008 

0.007 

0.004 

3  to  2 

a 

400 

0.075 

0.106 

0.105 

0.117 

0.127 

0.125 

b 

0.055 

0.075 

0.085 

0.102 

0. 125 

0.105 

c 

0.000 

0.019 

0.014 

0.012 

0.006 

0.006 

a 

500 

0.051 

0.058 

0.058 

0.072 

0.078 

0.073 

b 

0.071 

0.092 

0.120 

0.178 

0.185 

0.160 

c 

0.010 

0.015 

0.018 

0.023 

0.017 

0.013 

a 

625 

0.073 

0.088 

0.089 

0.088 

0.082 

0.034 

b 

0.034 

0.034 

0.047 

0.055 

0.055 

0.060 

c 

0.004 

0.003 

0.006 

0.009 

0,003 

0.003 

2  to  3 

a 

400 

0.130 

0.170 

0.190 

0.192 

0.192 

0.110 

b 

0.128 

0.230 

0.282 

0.378 

0.518 

0.370 

c 

0.005 

0.020 

0.014 

0.011 

0.011 

0.008 

a 

500 

0.078 

0.079 

0.095 

0.098 

0.107 

0.065 

b 

0.152 

0.265 

0.338 

0.462 

0.552 

0.372 

c 

0.015 

0.022 

0.025 

0.028 

0.020 

0.015 

a 

625 

0.088 

0.098 

0.098 

0.091 

0.078 

0.063 

b 

0.051 

0.069 

0.068 

0.080 

0.081 

0.071 

c 

0.004 

0.004 

0.005 

0.009 

0.003 

0.004 

1  to  4 

a 

400 

0.262 

0.275 

0.278 

0.265 

0.247 

0.218 

b 

0.306 

0.545 

0.672 

0.725 

0.735 

0.712 

c 

0.025 

0.041 

0.025 

0.020 

0.019 

0.009 

a 

500 

0.128 

0.110 

0.132 

0.133 

0.122 

0.113 

b 

0.285 

0.375 

0.542 

0.520 

0.456 

0. 149 

c 

0.028 

0.040 

0.041 

0.028 

0.028 

0.028 

a 

625 

0.116 

0.102 

0.098 

0.085 

0.075 

0.072 

b 

0.065 

0.066 

0.062 

0.070 

0.068 

0.067 

c 

0.009 

0.008 

0.007 

0.008 

0.008 

0.008 

°  Calciferol,  0.2  mg. 
b  Ergosterol,  2.0  mg. 
c  7-Dehydrocholesterol,  2.0  mg. 
Values  expressed  as  log  /« /I. 


Figure  5.  Relation  between  Concentration  of  Sterols  and 
Light  Absorption 

Dichlorohydiin  containing  4%  acetyl  chloride 
Solvent  to  reagent  ratio,  2  to  3 

7-dehydrocholesterol  less  than  0.3%  of  the  color  intensity  of  cal¬ 
ciferol.  These  conditions  may  be  used  for  evaluating  calciferol  in 
the  presence  of  the  other  two  sterols.  The  other  sterols,  espe¬ 
cially  ergosterol,  may  be  evaluated  under  the  conditions  given 
with  a  ratio  of  2  to  3  and  4%  acetyl  chloride  at  500  mu.  Thus  by 
two  determinations  it  may  be  possible  to  evaluate  both  sterols. 
The  same  thing  might  be  accomplished  at  a  ratio  of  1  to  4  and  2% 
acetyl  chloride. 

The  conditions  found  best  for  the  differentiation  of  calciferol 
and  ergosterol  were  applied  to  the  dinitrobenzoates  of  calciferol, 
vitamin  D3,  ergosterol,  7-dehydrocholesterol,  and  cholesterol. 
(These  were  3  to  2  solvent  to  reagent  ratio  and  1%  acetyl  chlo¬ 
ride  in  reagent.)  7-Dehydrocholesterol  and  cholesterol  3,5-di- 
nitrobenzoate  gave  no  color  at  all  in  amounts  as  high  as  10  mg.  of 
sterols.  In  contrast  to  this,  both  ergosterol  and  the  two  vita¬ 
mins  gave  a  distinct  color  similar  to  that  of  the  free  sterols. 
Thus  the  3,5-dinitrobenzoate  ester  serves  as  an  excellent  method 
for  the  differentiation  of  7-dehydrocholesterol  from  ergosterol  and 
the  two  forms  of  vitamin  D,  especially  so,  as  the  esters  of  those 
sterols  give  almost  as  great  an  amount  of  color  as  the  free  sterols 
(Figure  4). 

This  is  in  marked  contrast  to  the  color  developed  with  only 
practical  1,3-dichlorohydrin  (Figure  2),  where  the  dinitroben- 
zoate  esters  containing  corresponding  amounts  of  free  sterols 
gave  only  about  20%  as  much  color  as  the  free  vitamins. 

The  shapes  of  the  absorption  curves  were  essentially  those  of 
the  free  sterols.  Quantitatively  there  was  less  absorption 
per  unit  weight  of  sterol,  the  difference  being  greater  with  in¬ 
creasing  concentrations  of  test  substance  (Figure  4). 

The  relation  between  absorption  (as  expressed  by  log  It, /I  at 
625  mji)  and  concentration  of  sterol  is  presented  in  Figure  4. 
The  conditions  employed  were  the  same,  1%  acetyl  chloride  in 
reagent  and  a  3  to  2  ratio  of  solvent  to  reagent.  In  Figure  4  it 
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Table  V. 


Sterol 


10 


Time  Studies 

Time  in  Minutes 


15 


20  30  45  60  120  300 

0.2  mg.  of  calciferol,  vitamin  D3,  3,5-dinitrobenzoate  esters  of  calciferol,  and  vitamin 
D3  dissolved  in  1  cc.  of  chloroform  and  4  cc.  of  practical  diehlorohydrin  added. 


Vitamin  D2 

0.026 

0.058 

0.076 

0.078 

0.078 

0.079 

0.080 

Vitamin  D3 
Vitamin  D2 
dinitro¬ 

0.005 

0.016 

0.031 

0.043 

0.062 

0.084 

0.099 

benzoate 
Vitamin  D3 
dinitro¬ 

•  •  • 

0.017 

0.027 

0.033 

0.035 

0.036 

benzoate 

0.015 

0.026 

0.032 

0.035 

0.038 

0.085 

0.112 


0.088 
0. 113 


Same  sterols  in  3  cc.  of  chloroform  and  2  cc.  of  diehlorohydrin  added  containin 
acetyl  chloride.  Read  at  625  m M 
0.068  0.086  0.087  0.087  0.088 

0.073 


1% 


Vitamin  D2 
Vitamin  Dj 
Vitamin  D2 
dinitro- 
benzoate 
Vitamin  D3 
dinitro- 
benzoate 


0.046 

0.038 


0.042  0.074 


0.071  0.067 


0.088 

0.062 


0.090 

0.062 


0.034  0.055  0.070  0.078  0.080  0.080  0.082 

0.034  0.048  0.065  0.074  0.079  0.078  0.077 


0.090 

0.065 


may  be  noted  that  the  dinitrobenzoates  of  vitamins  D2  and  Da 
produce  almost  identical  absorption  although  that  of  vitamin 
D3  is  slightly  lower.  The  free  vitamin  D2,  however,  has  a  higher 
absorption  than  the  esters,  the  difference  being  greater  with 
higher  concentrations.  The  marked  difference  between  er- 
gosterol  and  7-dehydrocholesterol  is  evident,  the  latter  giving 
about  6%  of  the  absorption  of  ergosterol  in  the  free  state.  The 
difference  between  the  3,5-dinitrobenzoates  is  absolute,  as  no 
iolor  is  produced  by  the  7-dehydrocholesterol  ester,  whereas  the 
irgosterol  ester  produces  almost  as  much  color  as  free  sterol. 

The  difference  in  light  absorption  between  ergosterol  and 
'-dehydrocholesterol  is  emphasized  where  the  reagent  contains 
1%  acetyl  chloride  and  a  solvent  to  reagent  ratio  of  2  to  3  at 
500  m/i.  The  relations  between  absorption  and  concentration  are 
pven  in  Figure  5.  Under  these  conditions  7-dehydrocholesterol 
1,5-dinitrobenzoate  gives  some  absorption,  but  less  than  the  free 
iterol.  Cholesterol  still  does  not  produce  any  color. 


afterwards  a  faint  pink  color  appears  which  becomes  more 
intense  in  24  hours.  With  cholesterol  no  color  is  produced. 

Under  conditions  suitable  for  quantitative  estimations 
at  625  m/i,  ergosterol  has  less  than  4%  and  7-dehydrocho¬ 
lesterol  less  than  0.3%  of  the  absorption  produced  by  vita¬ 
mins  D2  and  D3.  Cholesterol  has  no  absorption  at 
all. 

Conditions  were  developed  for  the  differentiation  of 
(1)  vitamins  D2  and  D3  from  ergosterol  and  7-dehydro¬ 
cholesterol,  (2)  ergosterol  from  7-dehydrocholesterol  and 
(3)  the  dinitrobenzoate  esters  of  the  above  compounds  and 
the  free  sterols. 

To  the  authors  knowledge  this  is  the  first  reaction 
that  distinguishes  between  ergosterol  and  7-dehydrocho- 
lesterol. 
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Tests  for  Aromatic  Hydrocarbons 


INVESTIGATIONS  ON  VITAMIN  Ds 

Investigations  with  vitamin  D3  were  limited,  because  of  in¬ 
ability  to  obtain  more  than  relatively  small  amounts  of  this  com- 
iound.  The  specimen  obtained  proved  to  be  very  unstable, 
a  marked  contrast  to  the  other  sterols,  including  the  3,5-dinitro- 
enzoate  ester  of  vitamin  D3  and  calciferol.  The  results  with 
hese  specimens  of  vitamin  D3  were  not  so  reproducible  as  those 
dth  the  other  compounds  described.  Whether  this  is  an  inher- 
nt  property  of  vitamin  D3  or  due  to  small  impurities  in  the  sarn¬ 
ie  will  require  further  investigation. 

In  Table  V  the  results  of  time  studies  are  given  under  two  sets 
f  conditions.  The  rates  of  color  development  of  vitamins  D2  and 
b  are  different  under  the  same  set  of  conditions.  In  contrast  to 
lis,  the  3,5-dinitrobenzoates  of  these  compounds  behave  alike. 
The  shape  of  the  absorption  spectra  obtained  with  vitamin  D3 
as  similar  to  that  of  calciferol  under  the  same  conditions,  except 
lat  the  maximum  at  625  mji  was  lower  and  shallower,  while 
le  maximum  at  400  m/z  was  distinctly  higher. 

SUMMARY 

A  spectrophotometric  study  has  been  made  of  a  new  colorimet- 
c  reaction  of  vitamins  D2  and  D3,  given  on  the  addition  of  glyc- 
•ol  diehlorohydrin  or  related  compounds  in  the  presence  of 
;etyl  chloride  or  other  halides  of  acid  nature. 

With  calciferol  an  immediate  yellow  color  is  formed  which 
ims  green  in  1  minute,  reaches  a  maximum  in  15  minutes,  and 
mains  stable  at  625  m n  for  several  hours.  With  ergosterol  an 
imediate  weak  pink  color  is  observed  which  turns  to  orange 
15  to  20  minutes  and  later  to  a  fluorescent  green.  With  7- 
ihydrocholesterol  no  color  is  observed  for  several  minutes; 


Several  proposed  testing  procedures  and  specifications  for  industrial 
aromatic  hydrocarbons  have  been  developed  by  A.S.T.M.  Commit¬ 
tee  D16,  organized  in  1944.  Subcommittees  have  carried  out  work 
on  test  methods  for  crude  and  refined  aromatic  products  and  specifica¬ 
tions  for  aromatic  chemicals  and  solvents. 

Methods  of  Test  for  Crude  Aromatic  Products 
Determining  refined  water-white  constituents  in  light  oil 

Methods  of  Test  for  Refined  Aromatic  Products 
Scope 

Specific  gravity 

Hydrogen  sulfide  and  sulfur  dioxide 
Color 

Copper  corrosion  test 
Distillation  (aromatic  hydrocarbons) 

Acid  wash  (benzene,  toluene,  xylenes,  and  similar  materials) 
Solidifying  point  (benzene) 

Paraffins 

Acidity 

Specifications  for  Aromatic  Chemicals 
Nitration  grade  benzene 
Industrial  grade  benzene 
Nitration  grade  toluene 
Industrial  grade  toluene 
Nitration  grade  xylene 
5°  xylene 

Specifications  for  Aromatic  Solvents 
Industrial  90  benzene 
10°  xylene 
Industrial  xylene 
Refined  solvent  naphtha 
Crude  light  solvent  naphtha 
Crude  heavy  solvent  naphtha 

The  committee  is  eager  to  stimulate  constructive  comment,  based 
on  practices  in  current  use.  Copies  of  methods  and  specifications 
may  be  obtained  from  the  acting  secretary,  W.  L.  Douthett,  Texas 
Co.,  135  East  42nd  -St.,  New  York  17,  N.  Y.  J.  M.  Weiss  is  chair¬ 
man  of  the  committee. 


THERMOBAROMETER 

Quick  and  Exact  Conversion  of  Gas  Volumes  into  Weight 


ERNST  BERL,  W.  G.  BERL,  and  G.  A.  STERBUTZEL 
Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 


THE  function  of  the  thermobarometer  is  to  assist  in  the  cor¬ 
rection  of  gas  volumes  obtained  in  gas  analytical  deter¬ 
minations  to  normal  temperature  and  pressure.  It  includes 
corrections  due  to  temperature  and  pressure  changes  as  well  as 
allowing  for  the  vapor  pressure  of  the  confining  liquid  in  the  gas 
buret.  A  known  volume  of  air  (100  cc.  at  NTP  in  the  present 
instrument)  expands  or  contracts  with  the  continuous  changes  in 
atmospheric  pressure  and  temperature  of  the  room  in  which  the 
gas  determinations  are  carried  out.  If  the  air  in  the  thermo¬ 
barometer  and  the  analysis  gas  are  in  equilibrium  with  the  at¬ 
mospheric  pressure  and  at  the  same  temperature,  the  volume  oc¬ 
cupied  by  the  air  is  substituted  in  Equation  1  as  thermobarom¬ 
eter  reading.  The  necessity  for  equality  in  temperature 
requires  that  gases  evolved  in  exothermic  analytical  reactions 
be  allowed  sufficient  time  to  return  to  room  temperature.  In 
contrast  to  the  well-known  Lunge  or  Hempel  compensator,  only 
one  thermobarometer  is  necessary  for  an  entire  battery  of  gas 
burets  using  identical  confining  liquids.  The  conversion  of  gas 
volume  into  weight  can  be  carried  out  with  Equations  1  or  2  and 
Tables  I  and  II. 


V  X  /  X  10 


or 


In  the  equation: 

4  _  1 _ 

A  -  T.R.  X  W 

log  A  =  log  V  +  log  R.F.  +  log/  +1  —  log  IT 


(1) 

(2) 


T.R. 


W 

log  R.F. 


weight  %  of  constitu¬ 
ent  Y  (Tables  I 
and  II)  to  be  deter¬ 
mined  analytically 
gas  volume  measured 
at  room  tempera¬ 
ture  and  prevailing 
atmospheric  pres¬ 
sure 

conversion  factor  of 
gas  volume  into 
weight  of  desired 
constituent  (see 
Tables  I  and  ii  for 
a  number  of  the 
more  common  con¬ 
versions) 

:  thermobarometer 
reading  at  room 
temperature  and 
prevailing  atmos¬ 
pheric  pressure 
=  weight  of  sample  in 
grams 

=  log  of  reduction  factor 
from  Figure  1  for  a 
given  thermo¬ 
barometer  reading 


The  thermobarometer  is  drawn 
to  scale  in  Figure  1.  It  consists 
of  tube  A  with  stopcock  1  with  an 
upper  uncalibrated  part  of  90-cc. 
volume  and  the  lower  calibrated 
part  of  35-cu.  cm.  volume  sub¬ 
divided  into  scale  divisions  of  0.05 
cu.  cm.  and  numbered  at  each  cu. 
cm.  Tube  B,  open  to  the  atmos¬ 
phere,  is  placed  as  near  as  possible 
to  tube  A,  having  identical  though 
unnumbered  calibration  marks. 
Leveling  bulb  C  is  connected  with 
heavy  rubber  tubing  to  A  and  B 
through  stopcock  2.  Whenever  a 


thermobarometer  reading  is  to  be  made,  the  mercury  levels  in  A 
and  B  are  equalized  by  opening  stopcock  2  with  leveling  bulb 
C  in  position  to  receive  from  or  add  mercury  to  tubes  A  and  B. 
When  the  mercury  levels  in  A  and  B  are  identical,  stopcock  2  is 
closed  and  the  volume  reading  is  substituted  in  Equation  1. 

To  adjust  the  thermobarometer  initially,  temperature  and 
barometric  pressure  in  the  laboratory  are  determined.  Assume 
that  a  temperature  of  25°  C.  and  a  barometric  pressure  of  /2(J 
mm.  of  mercury  exist  at  the  time  of  adjustment.  If  dry  gases 
for  instance,  nitric  oxide  in  the  Lunge  nitrometer  over  mercury 


Table  I.  Conversion  Table 

Conversion  Factor, 

Cc.  (NTP)  of  X  into  Mg.  of  Y 
X  Y 


Factor 


Log  Factor 


CH< 

C2H2 

C2H2 

CO 

CO2 

CO2 

CO2 

CO2 

CI2 

H2 

H2 

H2 

h2 

H2 

H2 

H2 

H2 

H2S 

N2 

n2 

N2 

n2 

NHj 

O2 

O2 


O2 

O2 

SO2 

SO2 


CEL 

C2H2 

CaC2 

CO 

C 

CEL 

CO2 

CaCOa 

CI2 

A1 

Ca 

Fe 

H2 

K 

Mg 

Na 

Zn 

H2S 

CO(NH2)!“ 

Na 

Na*> 

NHi' 

NH3 

Oa 

Bleaching  chlorine 
in  CaOChrf 
Ha02e 
H2O2C 
S 

SO2 


0.7173 

1.172 

2.885 

1.251 

0 . 5396 

0.7208 

1.977 

4.496 

3 . 220 

0.8015 

1.787 

2.489 

0 . 08987 

3.486 

1.084 

2.050 

2.915 

1.539 

2.956 

1.250 

1.282 

1.558 

0.7711 

1.429 

3.167 


0.8557-1 
0 . 0689 
0.4601 
0 . 0972 
0.7321-1 
0.8578-1 
0.2961 
0.6529 
0 . 5079 
0.9039-1 
0.2520 
0.3961 
0.9536-2 
0.5423 
0.0351 
0.3118 
0 . 4646 
0.1873 
0.4707 
0.0970 
0.1080 
0.1927 
0.8871-1 
0.1550 
0.5006 


1.518 

3.036 

1.465 

2.926 


0.1813 
0.4823 
0.1657 
0 . 4663 


Factors  in  Table  I  are  arranged  in  alphabetical  order  of  the  obtained  ga« 
and  then  of  the  analyzed  substances.  „  d  to 

0  Reaction  with  sodium  hypobromite  (see  V.  Low  yield  01  y  1/0  due 

incomplete  reaction  is  considered  in  factor.  ... 

b  Ammonium  compounds  with  sodium  hypobromite. 

2NHs  +  3NaOBr  -»  Na  +  3NaBr  +  3HaO 

'  Ammonia  determination  in  ammonium  c0“fK?un!1)i “  :j.. 

d  Bleaching  chlorine  in  bleaching  powder  with  hydrogen  peroxide. 

CaOCla  +  H2O2  =  Oa  +  CaCla  +  HaO 
e  Hydrogen  peroxide  analysis  with  reaction  d  or  with: 

5HaOa  +  2KMnOi  +  3H2SO4  =  50a  +  2MnSCL  +  K2SO4  +  8H2O 
/  Hydrogen  peroxide  analysis  by  catalytic  decomposition  with  Pt,  Vd,  0, 
Co  compounds:  2H2O2  —  O2  -E  2H2O.   


Table  II. 

Conversion  Factor, 

Cc.  of  NO  (NTP)  into  Mg.  of  Y 
Y 

Dinitrotoluene 
Glycerol  trinitrate 
HNOa 
KNOa 
KNOa 


Conversion  Table0 


NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 


N 
NO 
NOa 
NaOa 
NaOi 
NHaNOa 
NaNOa 
NaNOa 
Picric  acid 
SOsNH 
TNT 


Factor 

4.066 

3.380 

2.814 

3.800 

4.515 

0 . 6256 

1.340 

2.769 

1.697 

2.412 

3.575 

3.082 

3.796 

3.410 

5.675 

3.382 


Log  Factor 
0.6092 
0.5289 
0 . 4493 
0.5798 
0.6547 
0.7963-1 
0.1271 
0.4423 
0.2298 
0.3824 
0.5533 
0.4484 
0.5793 
0.5328 
0.7540 
0.5291 


NO  ttNi  - 

hydrazine  or  of  primary  armnes  ^  determined  b 

the  gas  developed.  
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are  being  measured,  720.0  (pressure  scale)  in  Figure  2  is  connected 
with  25.0  (temperature  scale,  dry  gas)  and  extended  to  thermo¬ 
barometer  reading  scale.  This  scale  indicates  that  100  cc.  of 
dry  air  at  NTP  expand  to  115.21  at  the  prevailing  pressure  and 
temperature.  Air  dried  with  a  drying  agent,  such  as  phosphorus 
pentoxide,  calcium  chloride,  etc.,  is  introduced  into  the  dry  tube, 
A,  which  was  initially  filled  with  mercury.  Stopcock  1  is  closed 
permanently  when  the  mercury  in  tubes  A  and  B  are  level  at  a 
scale  reading  of  115.21. 

If  the  analysis  yields  gases  which  are  confined  over  water  in 
the  gas  buret,  the  thermo  barometer  adjustment,  for  similar 
temperature  and  pressure  conditions  as  above,  is  made  by  con¬ 
necting  720.0  (pressure  scale)  with  25.0  (temperature  scale,  wet 
gas)  and  extending  to  the  thermobarometer  reading  scale  at 
119.21.  To  keep  the  air  in  A  saturated  with  water  at  all  times, 
one  or  two  drops  of  water  are  introduced  through  stopcock  1. 


Water  vapor-saturated  air  is  introduced  into  A  and  the  mercury 
in  A  and  B  is  leveled  at  a  scale  reading  of  119.21. 

If  analyses  are  carried  out  where  gases — for  instance,  carbon 
dioxide— -are  collected  over  saturated  sodium  chloride  solution 
or,  for  instance,  nitrogen  over  aqueous  potassium  hydroxide 
(1  to  2.5)  the  reduction  of  vapor  pressure  of  water,  due  to  the 
presence  of  electrolytes,  must  be  taken  into  account.  Two  drops 
of  liquid  of  the  same  composition  as  the  confining  liquid  are 
introduced  into  A  before  the  final  adjustment  is  made.  The 
volume  of  air  to  be  introduced  into  A  is  calculated  as  follows : 

Since  t'-7>.N»cisat  =  0.76  v.p.^Q 

and  v.p.  KOH/H20  (1  to  2.5)  =  0.65  v.p.  H20 

the  thermobarometer  reading  for  the  prevailing  temperature 
(25.0°)  and  pressure  (720.0  mm.)  for  both  dry  and  wet  gas  is 
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Figure  2.  Nomograph 
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determined  and  tlie  difference  between  thermobarometer  readings 
is  multiplied  by  the  fractional  reduction  in  water  vapor  pressure 
(0  76  for  saturated  sodium  chloride  solutions  and  0.65  for  potas¬ 
sium  hydroxide  to  water  1  to  2.5).  This  represents  the  volume 
occupied  by  water  vapor  and  is  added  to  the  thermobarometer 
reading  based  on  dry  air.  Thus  for  saturated  sodium  chloride, 
the  volume  of  air  admitted  to  A  is  115.21  +  (119.21  —  115.21)  X 
0  76  =  118.25  cu.  cm.,  and  for  potassium  hydroxide  (1  to  2.5) 
115.21  +  (119.21  -  115.21)  X  0.70  =  118.01  cu.  cm.  An  excess 
of  air  which  has  passed  through  a  washing  bottle  filled  with  the 


confining  liquid,  say  130  cu.  cm.,  is  introduced  into  A  by  manipu¬ 
lating  stopcock  2  and  leveling  vessel  C,  allowed  to  come  into 
equilibrium  with  the  drops  of  confining  liquid  previously  intro¬ 
duced,  and  the  excess  air  expelled  by  gradual  inflow  of  mercury 
into  A  and  B.  Stopcock  1  is  permanently  closed  when  the  level 
of  mercury  rises  to  the  calculated  value. 

This  paper  was  made  possible  by  a  grant  from  the  Buhl  Foundation,  for 
which  the  thanks  o£  the  authors  are  expressed. 


A  Laboratory  Machine  for  Investigating 
Corrosion  of  Bearings 

S.  K.  TALLEY,  R.  G.  LARSEN,  and  W.  A.  WEBB 
Shell  Development  Company,  Emeryville,  Calif. 


A  simple  laboratory  machine  has  been  devised  which  simulates  the 
more  important  mechanical  factors  leading  to  corrosion  of  bearings, 
and  permits  a  study  of  factors  which  control  the  appearance  and 
extent  of  bearing  corrosion.  Metallographic  examination  of 
corroded  bearing  sections  indicates  that  the  laboratory  corrosion 
test  specimens  are  nearly  free  of  unwanted  mechanical  destruction 
and  that  corrosion  penetration  is  more  regular  than  in  engine  bearing 
specimens.  Of  the  operating  factors  affecting  bearing  corrosion, 
temperature  has  been  found  to  be  especially  important.  This  may 
be  due  in  part  to  its  effect  upon  type  and  extent  of  oil  oxidation  and, 
especially  in  highly  detergent  oils,  upon  the  disappearance  of  pro¬ 
tective  films  from  the  bearing  surface. 


A  MACHINE,  simulating  the  important  mechanical  condi¬ 
tions  of  engine  bearing  corrosion  on  a  small  laboratory  scale, 
was  desired  for  studying  the  factors  that  control  the  appearance 
and  extent  of  bearing  corrosion,  and  possibly  later  to  form  the 
basis  of  a  standard  test  for  the  evaluation  of  all  oils  in  regard  to 
bearing  corrosion. 

Oil  oxidation  is  an  important  factor  in  regard  to  bearing  cor¬ 
rosion  and  its  effect  must  be  incorporated  in  any  complete  study 
of  the  problem.  Unfortunately  every  engine  and  every  condi¬ 
tion  of  engine  operation  will  oxidize  an  oil  in  a  different  way  and 
there  is  no  agreement  as  to  how  an  oil  might  be  oxidized  to  pro¬ 
vide  truly  representative  deterioration.  Since  oil  oxidation  is 
complex  and  there  already  are  a  large  number  of  tests  specifi¬ 
cally  developed  for  examining  oil  oxidation,  it  appeared  de¬ 
sirable  to  attempt  to  treat  oil  oxidation  and  bearing  corrosion 
separately  and  to  develop  a  corrosion  test  in  which  interest  was 
centered  in  what  might  be  called  the  “existing  corrosivity”  of  an 
oil.  Especially  it  was  not  intended  to  develop  a  test  fully  simu¬ 
lating  the  progress  of  bearing  corrosion  in  an  engine.  Such  a  test 
would  essentially  be  an  engine  itself,  since  it  should  include  such 
important  factors  as  blow-by  and  crankcase  ventilation. 

Although  the  complete  elimination  of  oil  oxidation  in  a  cor¬ 
rosion  test  is  considered  an  ideal  for  the  present  purpose,  it  is  not 
possible  to  achieve  this  condition  in  practice  because  oxygen  must 
be  present  and  allowed  to  act  for  a  period  of  tune  in  order  to  pro¬ 
vide  one  of  the  essential  conditions  for  corrosion  itself.  It  has 
therefore  been  an  object  of  the  test  described  in  this  paper  to  re¬ 
duce  oil  oxidation  to  a  practical  minimum;  the  effects  of  oxida¬ 
tion  could  be  provided  by  use  of  an  auxiliary  oxidation  procedure, 
or  if  desired  the  degree  of  oxidation  in  the  corrosion  test  itself 
could  be  increased  by  appropriate  means. 

While  the  machine  described  has  proved  to  be  satisfactory  in 
predicting  the  corrosive  tendencies  of  highly  detergent  (Diesel) 
oils  and  for  testing  used  engine  oils  generally,  it  does  not  rate 
ordinary  lubricating  oils  in  regard  to  their  ability  to  resist  oxida¬ 


tion  and  development  of  a  corrosive  condition  when  operated  as 
described.  A  description  of  the  machine,  together  with  some  in¬ 
formation  on  its  operating  characteristics,  is  given  at  the  present 
time  mainly  because  of  its  value  as  a  research  tool  in  studying 
bearing  corrosion. 

A  study  of  results  from  current  laboratory  corrosion  tests  in¬ 
dicated  that  an  essential  condition  for  correspondence  in  degree 
and  kind  with  corrosion  experienced  in  an  engine  is  a  high  rate  of 
shear  in  the  oil  layers  next  to  the  bearing  surface.  Conditions 
leading  to  abrasion  and  to  pounding,  which  may  be  important  to 
the  extent  that  they  intensify  the  effects  of  corrosion  in  actual 
practice,  are  out  of  place  in  a  corrosion  test  and  must  be  elimi¬ 
nated  or  minimized.  Other  features  highly  desirable  in  the  design 
of  a  laboratory  corrosion  machine  are  simplicity,  use  of  standard 
steel-backed  bearing  specimens,  ease  of  thorough  cleaning,  mini¬ 
mum  demands  on  the  operator’s  time,  adaptability  to  multiple 


Figure  1 .  Assembled  Thrust  Bearing  Corrosion  Machine 
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Figure  2.  Disassembled  Parts  of  Corrosion  Machine 


tup,  reasonable  cost,  and  good  control  of  experimental  condi- 
ons  of  temperature,  pressure,  rate  of  shear,  and  atmosphere, 
is  also  desirable  that  required  oil  sample  be  not  large,  for  con- 
:nience  in  the  preparation  of  experimental  oils,  and  also  be- 
.use  samples  of  used  oils  from  engine  crankcases  are  usually 
nited  in  size. 

While  the  various  forms  of  apparatus  that  have  been  devised 
r  investigating  bearing  corrosion  have  many  desirable  features, 
>ne  satisfies  all  of  the  above  conditions.  For  example,  the 
nderwood  machine  (4)  requires  a  large  oil  sample  and  is  diffi- 
lt  to  clean;  moreover,  the  shear  in  the  oil  layer  is  not  subject  to 
11  control.  In  addition,  the  method  used  for  accelerating  the 
te  of  oil  oxidation  is  highly  arbitrary.  Test-tube  corrosion  ex- 
riments  do  not  show  a  correspondence  to  engine  results,  ap- 
rently  because  the  nearly  static  conditions  under  which  they  are 
nducted  provide  little  or  no  shear  in  the  oil  layers  next  to  the 
aring,  and  corrosion  products,  in  general,  are  not  carried  away, 
is  probably  for  this  same  reason  that  the  Caterpillar  corrosion 
it,  in  which  bearing  specimens  are  rotated  at  the  low  rate  of 
r.p.m.  in  a  beaker,  fails  to  rate  oils  of  low  corrosivity  in  the 
oper  order. 

Although  engine  tests  must  be  used  as  a  final  criterion  of  bear- 
15  corrosion,  they  are  not  satisfactory  for  development  research, 
cause  they  have  insufiicient  reproducibility  and  afford  no  ready 
:ans  of  investigating  or  controlling  the  variables  under  examina- 
n;  moreover,  they  require  large  samples  of  lubricants. 

A  machine  has  been  designed  to  meet  the  outlined  requirements 
1  has  been  called  the  thrust  bearing  corrosion  machine.  A 
otograph  of  the  assembled  machine  with  thermostatic  control  is 
Dwn  in  Figure  1,  the  parts  in  Figure  2. 

The  machine  consists  of  a  heavy,  cold-rolled  steel  cup  in  which 
hardened  steel  disk  is  made  to  rotate  against  three  flat  bearing 
ecimens.  Figure  3  shows  important  details.  The  bearing 
r?cimens  are  supported  by  a  single  ball-bearing  pivot,  as  shown 
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in  Figure  4,  and  adjust  their  angle  of  tilt  to  give  a  lubricant  wedge 
and  provide  essentially  hydrodynamic  lubrication.  This  flat  type 
of  bearing  is  called  the  Kingsbury  bearing  and  has  been  studied 
in  considerable  detail  by  Muskat  and  co-workers  (2). 

Cup  A  (Figure  3),  which  is  fitted  with  a  cover,  is  5  cm.  (2  inches) 
high  inside  and  has  an  inside  diameter  of  6.25  cm,  (2.5  inches). 
Heat  is  supplied  by  a  330-watt  Chromalox  No.  A-10  ring  unit 
heater  set  in  a  circular  recess,  G,  in  the  bottom  of  the  cup.  A 
Fenwal  No.  732RC  cartridge  thermoswitch,  which  breaks  the 
full  heating  current,  is  placed  in  a  hole,  F,  in  the  cup  between  the 
oil  and  heater  sections.  The  temperature  of  the  cup  is  indicated 
by  a  thermometer  placed  in  well  I. 


Figure  3.  General  Construction  of 
Machine 

■4.  Steel  cup 

B.  Hardened  steel  disk 

C.  Driving  spindle  shank 

D.  Fiber  tip 

B.  Bearing  specimen  and  support 

F.  Hole  for  thermoswitch 

G.  Recess  for  electric  heater 

H.  Recess  to  accommodate  tip  D 

I.  Thermometer  well 


The  bearing  specimens  are  1.25  X  1.88  cm.  (0.5  X  0.75  inch) 
and  are  preferably  cut  from  flat  stock  supplied  by  bearing  metal 
manufacturers.  The  regular  curved  inserts  can  be  flattened  and 
used  if  a  particular  type  of  bearing,  not  available  in  the  flat  form, 
is  to  be  examined,  although  there  is  a  danger  that  the  flattening 
process  may  produce  cracks,  as  discussed  later.  Flat  bearing 
stock,  copper-lead  on  steel  backing,  of  very  uniform  quality  can 
be  secured  at  a  reasonable  cost  from  the  Cleveland  Graphite 
Bronze  Company,  17000  St.  Clair  Ave. ,  Cleveland  1 0,  Ohio.  Each 
bearing  specimen  is  held  in  a  steel  cradle  without  a  rigid  clamping 
device.  A  ball-bearing  pivot  is  inserted  in  the  bottom  of  the 
cradle,  by  means  of  which  the  bearing  assumes  a  definite  tilt  ac¬ 
cording  to  the  conditions  of  speed  and  pressure. 

The  steel  bearing  disk  is  5  cm.  (2  inches)  in  diameter  by  0.625 
cm.  (0.25  inch)  thick.  It  is  driven  with  a  bench  drill  press  by 
means  of  a  spindle  which  fits  into  a  recess,  H,  in  the  top  of  the 
disk.  The  disk  has  a  hardness  greater  than  300  Brinell;  this  is 
the  minimum  hardness  recommended  for  use  in  conjunction  with 
copper-lead  bearings.  The  hardness  requirement  for  cadmium- 
silver  and  for  babbitt  is  less. 

.  The  shank,  C,  of  the  driving  spindle  is  cold-rolled  steel.  The 
tip,  D,  of  the  driving  spindle  is  of  fiber;  this  material  was  chosen 
because  a  steel  tip  would  wear  against  the  disk  and  produce  suf- 
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Table  I.  Standard  Conditions  for  Operation  of  Thrust  Bearing 
Corrosion  Machine 


Duration  of  run 
Temperature 
Oil  charge 
Thrust 

Weight  on  drill  press  arm 
Speed 

Bearing  specimens 
Bearing  specimen  surface 

Bearing  specimen  thickness 

Bearing  specimen  source 
Steel  disk  hardness 
Steel  disk  surface 
Air  rate 


20  hours 

225°  F.  (107°  C.) 

35  cc. 

Approximately  125  pounds 
5  kg. 

2400  r.p.m. 

New  Cu-Pb 

Polished  (No.  0000  Hubert),  slightly  beveled 

edggg 

All  three  specimens  should  agree  in  thickness 
to  within  0.002  inch 
Cleveland  Graphite  Bronze  Company 
300  Brinell  (minimum) 

Mirror  finish 

Approximately  30  cc.  per  minute 


All  bearino-  losses  are  reported  as  mg.  per  sq.  cm.  Prior  to  weighings, 
bearings  are  cleaned  b-y  boiling  for  10  minutes  in  naphtha  and  in  acetone. 


ficient  iron  oxide  in  a  20-hour  run  to  create  a  distinct  turbidity  in 
the  oil  while  aluminum  tips  were  found  to  be  subject  to  break¬ 
age.  Temperatures  above  130°  C.  accelerate  the  wearing  of  the 
fiber  tips  and  shorten  their  useful  life;  however,  fiber  tips  can  be 
used  even  at  180°  C.  if  they  are  changed  for  each  run. 


CONDITIONS  OF  TESTING 

The  general  conditions  for  a  standard  test  of  the  existing  cor¬ 
rosivity  of  an  oil  (Table  I)  were  set  to  provide  a  test  of  reasonable 
length  that  would  show  a  satisfactory  response  to  corrosive  con¬ 
ditions  without  incurring  excessive  oil  oxidation.  It  was  intended 
that  corrosiveness  be  measured  as  independently  as  possible  of  all 
other  factors;  if  the  effects  of  extensive  oxidation  on  corrosive¬ 
ness  of  the  oil,  under  any  particular  conditions  in  the  engine  or 
the  laboratory,  were  desired,  an  entirely  separate  procedure  could 
be  added  to  examine  such  effects.  This  relatively  independent 
treatment  of  the  oxidation  factor  is  especially  useful  for  deter¬ 
gent-containing  lubricating  oils.  (The  test  itself  could  of  course 
be  readily  changed  if  desired  to  provide  more  extensive  oxidation 
of  the  oil  than  the  unavoidable  amount  which  occurs  under  the 
standard  conditions.)  Manipulative  details  have  been  fixed  as 
required  to  secure  the  desired  reproducibility.  The  standard 
conditions  are  listed  in  Table  I. 


BEARING  SURFACES 

The  requirements  in  preparing  the  surfaces  of  the  bearing  speci¬ 
mens  and  the  steel  disk  were  investigated  with  both  corrosive  and 
noncorrosive  oils.  Comparatively  rough  surfaces  of  the  steel  disk 
were  used  in  the  tests  with  the  corrosive  oils  and  the  greatest 
bearing  loss  was  obtained  with  the  roughest  disk,  the  bearing 
losses  ranging  between  30  and  60  mg.  per  sq.  cm.  With  a  non- 
corrosive  oil  and  polished  copper-lead  bearing  specimens,  a  mirror 
finish  of  the  steel  disk  gave  slightly  lower  average  losses  than  a 
semimirror  finish,  0.09  mg.  per  sq.  cm.  as  compared  with  0.17 
mg.  per  sq.  cm.  This  slight  difference  approached  the  probable 
reproducibility  of  the  test.  It  was  concluded  that  while  a  semi¬ 
mirror  finish  is  entirely  suitable  for  most  work,  and  a  mirror- 
finished  disk  is  an  essential  requirement  only  when  testing  small 
differences  of  slightly  corrosive  oils,  the  latter  is  sufficiently  easily 
prepared  to  warrant  selecting  as  standard. 

No  significant  change  in  the  bearing  losses  is  produced  by  sub¬ 
stituting  a  smooth,  dull  lapped  finish  on  the  copper-lead  bearing 
specimens  for  a  fully  polished  finish.  Even  the  comparatively 
rough  surface  of  unfinished  specimens,  taken  directly  from  an 
intermediate  step  in  the  process  of  bearing  manufacture,  does  not 
increase  the  bearing  loss,  provided  that  the  load  is  supported  oyer 
the  whole  bearing  surface.  While  the  condition  of  the  bearing 
surface  is  thus  not  critical,  a  polished  surface  is  easily  obtained 
and  assures  elimination  of  a  possible  source  of  variation  in  results 
from  this  cause. 


The  steel  disk  and  the  bearing  specimens  are  surfaced  by  the 
usual  metallographic  methods.  The  bearing  specimens  are 
finished  on  No.  0  and  No.  0000  Hubert  papers  f^Wpt” 

is  carried  to  a  semimirror  finish  by  hand  on  No.  400  Speed- Wet 
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paper.  The  final  mirror  finish  is  made  mechanically.  The  steel 
disk  is  placed  off  center  on  an  easily-turning,  cloth-covered  15-cm. 
(6-inch)  disk  that  replaces  the  thrust  bearing  corrosion  machine 
in  the  drill  press.  The  steel  disk  is  driven  with  its  regular  spindle 
and  its  off-center  position  causes  the  cloth-covered  disk  to  rotate 
at  a  slower  speed.  Using  a  water  suspension  of  levigated  alu¬ 
mina,  a  mirror  polish  is  very  quickly  obtained.  .  . 

A  trial  was  made  of  steel  disks  superfimshed  through  the  kind¬ 
ness  of  the  Chrysler  Corporation.  The  Superfinish  process  (3) 
gives  an  exceptionally  smooth  and  reproducible  surface  with  a 
minimum  of  metal  distortion.  Using  copper-lead  bearing  polished 
on  No.  0000  Hubert  paper,  two  runs  with  superfanished  disks 
using  a  noncorrosive  oil  gave  bearing  losses  of  0.04  and  0.07  mg. 
per  sq.  cm.  These  values  were  comparable  with  those  obtained 
with  the  mirror-finished  disks.  However,  after  the  runs  with 
superfinished  disks,  there  was  a  noticeable  reduction  in  both  the 
extent  and  number  of  scratches  in  the  disks  and  bearing  speci¬ 
mens. 

EFFECT  OF  SPEED  AND  PRESSURE 

It  is  believed  that,  as  long  as  hydrodynamic  conditions  of 
lubrication  prevail,  changes  in  speed  and  pressure  are  important 
only  as  they  change  the  rate  of  shear  in  the  oil  layer.  The  major 
effect  of  each,  as  so  far  recognized,  is  to  increase  corrosion  by  re¬ 
moving  the  products  of  corrosion  and  replacing  reactants.  All 
experimental  results  are  in  harmony  with  this  view. 

Table  II  lists  bearing  losses  that  have  been  obtained  with  a 
corrosive  oil  in  which  only  the  conditions  of  speed  or  pressure  have 
been  altered.  Speed  has  a  greater  effect  than  pressure;  however, 
neither  factor  is  critical  under  the  conditions  of  the  test  and  both 
can  be  held  within  limits  sufficiently  close  for  satisfactory  repro¬ 
ducibility. 


Table  II.  Effect  of  Varying  Speed  and  Pressure 


[Fixed  conditions: 


Oil,  reference  oil  1  (corrosive).  Time,  20  hours, 
perature,  107°  C.  Bearings,  Cu-Pb] 


Tem- 


Thrust 
Lb./sq.  in. 


_ _ _ Bearing  Losses— - 

610  r.p.m.  1230  r.p.m.  2400  r.p.m.  3600  r.p.m. 
Mg.  per  sq.  cm. 


15 

125  5.2 

4.2 


22  2  29.7 

23.2 

16.7  28.7 

20.3  29.6 


VISCOSITY  OF  LUBRICANT 

In  establishing  a  bearing  corrosion  test,  it  is  important  to  know 
whether  the  conditions  of  speed  and  pressure  are.  too  severe  foi 
the  least  viscous  oils  that  will  be  tested.  There  is  a  possibility 
that  with  the  less  viscous  oils,  hydrodynamic  lubrication  may 
fail  and  bearing  losses  will  result  from  metal  to  metal  contact  a 
well  as  from  corrosion.  It  is  not  possible  to  investigate  bearini 
corrosion  in  respect  to  viscosity  alone  as  an  isolated  variable  un 
less  conditions  are  so  mild  that  oxidation  is  not  important.  Thi 
restriction  arises  because  oils  of  different  viscosities,  even  froa 
the  same  base  stock,  have  different  chemical  characteristics 
The  important  point  is  whether,  under  conditions  in  which  cor 
rosion  is  absent,  there  is  a  difference  in  behavior  of  oils  of  differen 
viscosity  in  the  test. 

A  series  of  runs  was  made  on  various  grades  of  commercia 
motor  oils  in  both  the  50  and  100  VI  series.  The  losses  of  copper 
lead  bearings  were  less  than  0.3  mg.  per  sq.  cm.  in  all  cases  anc 
within  these  limits,  were  not  significantly  greater  for  the  S.A.I 
10  and  20  grades  than  for  the  more  viscous  oils.  It  is  conclude 
that,  within  the  viscosity  range  of  commercial  lubricating  oils 
viscosity  is  not  a  factor  in  bearing  corrosion  as  measured  in  th 
thrust  bearing  corrosion  machine. 

GENERAL  TECHNIQUE 

Passivation  of  the  machine  was  investigated  by  comparing  di 
ferent  cleaning  methods,  by  using  a  new  machine,  and  by  addin 
iron  wire.  The  tests  were  made  with  a  mildly  corrosive  oil,  refei 
ence  oil  2  (corrosive),  which  was  highly  sensitive  to  conditions! 
the  machine  affecting  oxidation.  When,  as  usual,  the  machir 
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is  cleaned  between  runs  by  washing  in  naphtha  and  acetone, 
e  bearing  corrosion  loss  with  reference  oil  2  was  0.3  mg.  per  sq. 
iji.  No  change  occurred  when  the  machine  was  further  cleaned 
I  soaking  in  dilute  hydrochloric  acid  until  bubbles  of  hydrogen 
i  peared  over  the  entire  cleaned  surface.  No  change  was  pro- 
i  iced  in  another  run  in  which  the  machine  was  cleaned  by  boil- 
I?  successively  in  isopropyl  alcohol  containing  10%  potassium 
I  droxide,  then  in  isopropyl  alcohol  followed  by  several  changes  of 
liter.  In  a  third  run,  a  new  machine  body  was  used  while  the 
iaring  supports,  spindle,  and  disk  were  given  the  alcoholic 
tassium  hydroxide  wash  just  described;  results  were  the  same. 


'///S/S/j 

-  STEEL  DISK  M 


RETAINING  SCREW  -^mJ 
BASE  OF  CUP 

V\\  \  \  v 

BALL  BEARING 
PIVOT 


ft  P 


■  OIL  WEDGE 


COPPER -LEAD 
STEEL  BACK 
BEARING  SPECIMEN 


-  BEARING  SUPPORT 

V\  V\\  \\\ 


LOCATING  PINS  (2)- 

Figure  4.  Formation  of  Lubricant  Wedge 


Two  runs  were  made  with  analytical  iron  wire  immersed  in  the 
:  during  the  test.  The  wire  was  used  in  ratio  of  3.5  sq.  cm.  per 
I-  The  corrosion  rates  with  reference  oil  2  were  increased  from 
I;!  mg.  per  sq.  cm.  to  1.4  and  4.2  mg.  per  sq.  cm.,  showing 
lit  an  extended  iron  surface  can  accelerate  the  oxidation 
I  the  oil  in  the  test  and  change  the  oil  from  noncorrosive  to 

Iinitely  corrosive.  The  total  area  of  iron  immersed  in  oil  in 
i  machine  is  150  sq.  cm.  The  run  with  the  new  machine  body 
licated  that  a  fresh  iron  surface  is  not  particularly  catalytically 
live,  and  the  experiments  with  iron  wire  indicate  an  upper  limit 
Tearing  loss  that  can  be  expected  from  this  source.  These  experi- 
nts  do  not  show  the  effect  of  a  truly  clean  iron  surface;  they 
ly  show  ordinary  cleaning  methods  give  reproducible  results. 
To  maintain  a  uniform  atmosphere  it  is  the  practice  to  pass  air 
'  m  the  compressed  air  lines  through  the  machine  during  a  run. 
ie  compressed  air  is  dehydrated  at  ambient  temperatures  and  at 
assures  ranging  from  4.2  to  7.0  kg.  per  sq.  cm.  (60  to  100  pounds 
r  sq.  inch)  by  draining  off  the  condensed  moisture,  and  thus 
Is  partial  pressure  of  water  vapor  of  the  air  as  used  at  one  at- 
:>sphere  is  from  2  to  8  mm.  of  mercury.  A  run  was  made  with 
1  srence  oil  2  (corrosive)  in  which  the  partial  pressure  of  water 
por  was  increased  to  25  to  30  mm.  of  mercury;  the  corrosion 
s  was  increased  to  1.2  mg.  per  sq.  cm.  Thus  water  vapor  can 
lse  a  change  in  the  measured  bearing  corrosion  and  it  should  be 
d  to  a  relatively  constant  value. 

Using  reference  oil  1  (corrosive),  the  importance  of  equality  of 
ght  of  the  bearing  surfaces  was  examined  by  making  several 
is  with  one  bearing  specimen  0.10  mm.  (0.004  inch)  thicker 
m  the  other  two.  The  results  of  the  tests  are  shown  in  Table 
.  The  same  correspondence  that  is  obtained  between  the  three 
iring  specimens  in  other  runs,  in  which  the  bearing  specimens 
re  matched  in  thickness  to  within  0.03  mm.  (0.001  inch),  was 
:ained  in  the  present  series. 


BEARING  METALS 

^  number  of  steel-backed  bearing  metals,  representative  of  the 
re  important  commercial  types  used  in  internal  combustion 
fines,  have  been  tested  for  corrosion  resistance  in  the  thrust 
) iring  corrosion  machine  using  reference  oil  1  (corrosive).  The 
*ults  are  shown  in  Table  IV.  The  babbitts  show  a  relatively 
ih  resistance  to  corrosion  while  the  harder  bearing  metals, 
:  iper-lead,  copper-nickel,  and  cadmium-silver,  are  all  subject  to 
i  rosion. 

V  new  sandwich  type  of  bearing,  recently  introduced,  consists 
h  sintered  layer  of  copper  and  nickel  on  a  steel  back  with  a  thin 
I'tective  layer  of  babbitt  on  the  bearing  surface.  A  sample  of 
1 .  bearing  stock  was  secured  from  an  intermediate  stage  of  manu- 


Table  III.  Effect  of  Nonuniformity  of  Bearing  Specimen  Thickness 

(Corrosive  reference  oil  1) 


Specimen  1 
Mg. 
65.4 
69.3 
81.7 


■Loss  in  Weight 


Specimen  2 


Specimen  3 
(0.004  Inch  Excess 
Thickness) 


Mg. 


Mg. 


68.3  64.1 
77.2  75.6 
85.5  83.5 


Table  IV.  Corrosion  Losses  of  Bearing  Metals 

(Corrosive  reference  oil  1) 

Type  of  Bearing  Loss 


Copper-lead 
Cadmium-nickel 
Cadmium-silver 
Babbitt,  lead  base 
Babbitt,  tin  base 


Mg./sq.  cm. 

28.2,  28.7,  25.9,  28.9 

30.3,  36.5 
31.1,  40.0 
0. 12,  0.41 
0.20,  0.28 


facture,  resurfaced  to  leave  at  least  0.05  mm.  (0.002  inch)  of 
babbitt  according  to  the  regular  specifications,  and  tested  with 
reference  oil  1  (corrosive)  under  the  standard  conditions.  The 
bearing  loss  was  0.2  mg.  per  sq.  cm.  After  resurfacing  to  remove 
the  protective  babbitt,  the  loss  was  44  mg.  per  sq.  cm.  For  com¬ 
parison,  a  commercial  formed  replacement  bearing  was  flattened 
and  tested  with  reference  oil  1  (corrosive).  The  bearing  loss  was 
2.0  mg.  per  sq.  cm.  It  is  believed  that  the  flattening  process 
opened  up  cracks  in  the  protective  babbitt  layer  and  permitted 
some  corrosion  to  take  place.  Errors  may,  therefore,  vitiate  re¬ 
sults  obtained  with  flattened  bearings  of  the  sandwich  type  and 
the  use  of  flat  stock  only  is  recommended  for  this  type. 

SURFACE  IRREGULARITIES,  FRICTION,  AND  TEMPERATURE  RISE 

An  unexpected  and  sometimes  uncontrollable  generation  of  , 
heat  has  been  encountered  in  occasional  runs.  Because  the 
quantity  of  heat  was  entirely  out  of  keeping  with  the  frictional 
heat  to  be  expected  in  hydrodynamic  lubrication  and  because  the 
unusual  generation  of  heat  was  associated  with  either  dirty  or 


Figure  5.  Normal  Appearance  of  Copper-Lead  Bearings 
After  thrust  bearing  corrosion  test  with  clean  noncorrosive  oiJ 
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corrosive  oils,  the  phenomenon  has  been  studied  in  some  detail 
through  microscopic  examination  of  the  bearing  specimens,  and 
through  measurements  of  the  coefficient  of  friction  and  of  tem¬ 
perature  rise  on  the  bearing  surfaces. 

Used  bearing  specimens  from  the  tests  showed  differences, 
evident  even  without  the  microscope,  between  bearing  specimens 
from  runs  involving  unusual  frictional  heat  and  those  from  normal 
runs.  The  latter  have  a  smoother  and  more  regular  appearance. 
An  example  of  the  appearance  of  used  copper-lead  specimens,  at 
magnification  of  approximately  X2,  from  a  run  with  a  clean,  non- 
corrosive  oil  is  shown  in  Figure  5.  The  circular  scratch  marks  are 
superficial  and  characteristic  of  most  used  bearing  specimens. 
Such  marks  appear  on  bearings  that  show  no  appreciable  loss  of 
weight.  The  relatively  large  brighter  patches  on  the  trailing 
ends  are  indicative  of  thinner  lubricating  oil  films  in  this  area  and 
give  assurance  that  the  primary  requirement  of  hydrodynamic 
lubrication,  the  setting  up  of  a  lubricant  wedge,  has  been  attained 
in  the  design  of  the  machine. 

Figures  6  and  7  illustrate  the  marked  difference  in  bearing  speci¬ 
mens  obtained  in  runs  that  showed  unusually  high  frictional  heat. 
Examination  under  the  microscope  showed  that  the  characteristic 
feature  of  these  used  bearing  specimens  is  the  presence  of  small 
raised  areas.  Two  types  may  be  distinguished.  Thus  the  bear¬ 
ing  specimens  from  a  run  in  which  an  undoped  mineral  oil  con¬ 
taining  2%  suspended  asphaltenes  was  used  are  shown  in  Figure  6. 
(The  asphaltenes  were  suspended  by  ultrasonic  vibrations.) 
The  raised  areas  are  compressed  smears  of  glossy  black  asphaltenes 
and  appear  as  black  patches  in  the  photograph.  This  run  was 
stopped  after  about  4  hours  because  of  excessive  frictional  heat. 
The  other  type  of  raised  area  is  exemplified  by  Figure  7,  showing 
bearing  specimens  from  a  run  with  a  corrosive  oil  in  which  exces¬ 
sive  heating  from  friction  occurred.  The  raised  areas  are  corro¬ 
sion  residuals.  They  appear  in  the  figure  as  polished  metallic 
•  plateaus;  their  color  is  that  of  burnished  copper. 

The  height  of  the  small  raised  areas  on  the  used  bearing  speci¬ 
mens  was  measured  with  a  microscope  at  a  magnification  of  X  240. 
The  accuracy  of  the  measurement  of  the  relative  heights  of  two 
parts  of  the  bearing  surface  in  one  field  of  view  was  limited  to 


Figure  6.  Appearance  of  Copper-Lead  Bearings  after  Test  with 
Noncorrosive  Oil  Containing  Sludge 


Direction  of  motion 
of  steel  disk 


Figure  7.  Appearance  of  Corroded  Copper-Lead  Bearings 
after  Test  with  Corrosive  Oil 

Reference  oil  1  used.  Note  development  of  corrosion  residuals  which  appear  on 
light  areas  in  A  and  to  a  lesser  extent  in  B 


0.002  mm.  by  the  sharpness  of  the  focus.  Table  V  lists  the  aver¬ 
age  elevation  of  the  raised  areas  of  at  least  nine  fields  of  view  or 
each  bearing  specimen  examined. 

The  newly  polished  unused  specimens  seldom  show  areas  in  an) 
single  field  that  have  elevations  greater  than  the  probable  error  ol 
measurement-  All  used  specimens  show  development  of  raisec 
areas  on  the  bearing  surface.  In  runs  where  no  unusual  frictiona 
heat  was  developed,  the  average  elevation  of  the  raised  areas  was 
from  0.003  to  0.006  mm.,  while  in  runs  showing  high  frictiona 
heat,  the  average  elevation  was  several  times  as  great. 

The  coefficient  of  friction  was  measured  directly  by  means  of  £ 
dynamometer  attached  to  an  altered  thrust  bearing  corrosioi 
machine.  The  body  of  the  machine  was  mounted  directly  on  i 
thrust  ball  bearing  and  was  free  to  rotate  through  a  small  arc.  t 
thread,  attached  to  the  periphery  of  the  body,  transmitted  tb 
force  resulting  from  friction  to  a  spring  dynamometer  with  a  direc 
reading  scale.  The  air  tube  and  electrical  connection  to  the  ma 
chine  were  removed  for  the  short  times  necessary  to  measure  tb 
frictional  force. 

The  coefficient  of  friction  for  most  oils  proved  to  range  betweei 
0.004  to  0.009.  When  the  coefficient  of  friction  exceeded  0.01 
for  an  hour  or  more,  the  machine  overheated.  However,  increase 
of  short  duration  generally  caused  no  harm. 


TEMPERATURES  OF  SURFACE 


Surface  temperatures  were  determined  by  means  of  thermc 
couples  imbedded  in  the  surface  of  the  copper-lead  bearing  spec; 
mens. 


The  leads  were  brought  out  between  the  bearing  support  an 
the  specimen,  in  grooves  cut  into  the  steel  backing.  Use  ol  N< 
36  B(  &  S.  copper  and  constantan  single  silk  covered  wires  ws 
satisfactory  even  when  six  leads  were  placed  in  one  bearing, 
making  the  thermocouple  connections  to  the  bearing,  i  No. 
drill  hole  was  bored  through  the  steel  and  about  halfway  throug 
the  copper-lead  layer.  A  sharp  needle  was  used  to  pierce  tt 
copper-lead  completely.  The  two  thermocouple  wires  wei 
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ble  V. 


Elevation  of  Raised  Areas  on  Used  Copper-Lead  Bearing 
Specimens 


Oil 

me  (unused  bearings) 
neral  oil 

me  plus  2%  added  asphaltenes 
;x  Indiana  test 
ference  oil  1  (corrosive) 


Average  Elevation 
Mm. 

0.001 

0.003 

0.018 

0.010 


Maximum  Elevation 
of  Any  One  Area 
Mm. 

0.004 

0.009 

0.023 

0.016 


Table  VI.  Effect  of  Temperature  on  Corrosion 


Oil 

A 

B 


C 

D 

Id 


(Corrosion  losses,  in  mg.  per  sq.  cm.  20-hour  run, 

125-lb.  thrust,  2400  r.p.m.) 

Bearing 

100°  C. 

107°  C. 

110°  C. 

120°  C. 

130°  C. 

140°  C. 

150°  C. 

160°  C. 

170° 

Cu-Pb 

0.3 

0.2 

0.0 

-0.3 

-0. 

0.4 

0.3 

-0.2 

Cu-Pb 

0.4 

oA 

6!  6 

0.1 

33.5 

44.7 

42  .'8 

0.1 

42.6 

0.2 

Cu-Pb 

0A 

6A 

o!i 

li.'i 

0.0 

Cd-Ag 

6!o 

0.2 

o!o 

12.8 

0.0 

47^6 

105!8 

Cu-Pb 

.  .  • 

0.0 

45.5 

55.3 

0.2 

0.1 

1.3 

9.6 

'6'.2 

6!6 

Cd-Ag 

Cu-Pb 

0.1 

0.2 

0.5 

10.5 

6.6 

6.2 

o!6 

0.5 

0.0 

20.6 

21.6 

0.1 

33.9 

5.4 

0.3 

Cu-Pb 

1.4 

0.3 

14.8 

o'.i 

1.4 

6.1 

24*2 

23 ." 

Cu-Pb 

6.1 

1 '4 

13.5 

Cu-Pb 

0.0 

0.1 

’6!l 

o!i 

Cu-Pb 

0  2 

1.4 

0.9 

1.2 

0.7 

3.0 

1.2 

0.7 

• . . 

c. 

2 


The  nominally  recorded  gross  temperature  of  the  machine 
agrees  with  the  temperature  of  the  main  body  of  oil  within  4°  C. 
under  conditions  of  the  standard  thrust  of  125  pounds  per  sq.  inch. 
Under  the  same  conditions,  A T  does  not  exceed  6°  C.  and  the 
nominal  temperatures  are  thus  within  10°  C.  of  the  highest  bear¬ 
ing  temperatures.  This  relationship  applies  only  when  unusual 
conditions  are  absent  and  /  is  less  than  0.010. 

The  variation  of  A77  and  /  with  bearing  pressure  was  investi¬ 
gated  up  to  a  thrust  of  625 

- - -  pounds  per  sq.  in.  The  initial 

values  of  A T  and  /,  immediately 
after  applying  a  new,  higher  load, 
were  always  greater  than  the 
values  after  equilibrium  had  been 
established.  The  greatest  differ¬ 
ences  were  usually  with  the  higher 
loadings  but  in  all  cases  sub¬ 
stantial  equilibrium  was  estab¬ 
lished  in  5  to  10  minutes.  The 
most  probable  cause  of  the  delay 
was  a  slowness  of  the  bearing  sup¬ 
port  in  changing  its  tilt  to  suit 
the  new  conditions  of  loading, 
perhaps  due  to  friction  against 
the  two  restraining  pins  that 
locate  each  bearing  support. 
However,  trials  of  other  locations 
of  the  supporting  pivot  closer  to 
_  the  trailing  edge  and  of  other 
designs  of  the  support  (to 
eliminate  the  two  pins)  produced  no  improvement  in  reducing  the 
time  to  reach  a  steady  frictional  state.  Direct  measurement  of 
the  restraining  forces  could  not  be  made.  Since  the  machine  is 
operated  under  steady  conditions  only,  attention  has  been  restricted 
to  the  values  of  A71  and/after  steady  conditionshavebeenobtained. 

The  total  energy  converted  to  heat  is  almost  proportional  to 
the  thrust,  since  the  coefficient  of  friction  decreases  only  slightly 
as  the  load  on  the  bearings  is  increased.  Overheating  of  the  ma¬ 
chine  was  frequent  at  the  higher  loadings. 

An  anticipated  effect  of  detergents  in  aiding  in  the  lubrication 
of  bearings  in  an  oil  containing  sludge  has  been  demonstrated  by 
examining  samples  prepared  by  adding  asphaltenes  to  a  plain 
mineral  oil  and  to  an  oil  containing  an  effective  detergent  (refer¬ 
ence  oil  4).  Figure  8  shows  that  the  addition  of  only  1  % 
of  asphaltenes,  from  the  Indiana  test,  to  a  plain  mineral  oil  re- 


Figure  8.  Effect  of  Asphaltenes  and  Detergents 
upon  Bearing  Temperature  Rise 

erted  in  the  hole  from  the  back  and  pulled  through  as  far  as 
insulation  would  allow,  soft-soldered  on  the  front  side,  and 
excess  clipped  off  flush  with  the  bearing  face.  The  bearing 
cimen  was  then  surface-finished  according  to  the  usual 
thods.  In  some  of  the  later  experiments,  a  direct  reading  for 
increase  in  bearing  temperature  over  the  oil  temperature  was 
ained  by  placing  the  second  or  reference  thermocouple  in 
oil. 

n  order  to  discover  if  the  method  of  inserting  the  thermocouple 
the  bearing  gave  a  false  temperature  by  interfering  with  the 
ular  processes  of  heat  transfer,  comparative  temperature  meas- 
ments  were  made  with  and  without  a  piece  of  paper  inserted 
ween  the  bearing  specimen  and  the  support.  No  difference 
s  found. 

iLhe  temperature  of  the  surface  of  the  bearing  specimen  was 
latest  at  the  trailing  edge.  In  the  following  discussion  the  tem- 
>  ature  rise  of  the  surface  of  the  bearing  at  the  trailing  edge  over 
I,  temperature  of  the  main  body  of  oil  will  be  designated  by  A T 
1 1  the  coefficient  of  friction  by  /. 


Figure  9.  Effect  of  Asphaltenes  and  Detergents 
upon  Coefficient  of  Friction 
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Figure  10.  Photomicro¬ 
graphs  of  Copper-Lead 
Bearing  Sections  (X112) 

Dark-field  illumination  with  Zeiss 
Epicondenser  system.  All  bearing 
losses  in  mg.  per  sq.  cm.  Corrosion 
areas  indicated  by  brackets 

1.  Reference  oil  3  (corrosive) 
loss  10.0  * 

S.  Undoped  mineral  oil  A,  loss 

0.0 

3.  Reference  oil  1  (corrosive), 

loss  30.0 

4.  Engine  bearing  specimen,  ref¬ 

erence  oil  2  (corrosive), 
loss  34 

5.  Engine  bearing  specimen,  un¬ 

doped  mineral  oil  A,  loss 

2.6 


suits  in  a  large  increase  in  AT  at  the  standard  thrust  of  125  pounds 
per  sq.  in.  and  the  effect  increases  at  higher  loadings.  The  experi¬ 
ment  had  to  be  discontinued  before  the  thrust  could  be  increased 
to  500  pounds  per  sq.  inch  because  the  temperature  was  out  of 
control  and  rose  well  above  200°  C.  Figure  9  shows  a  parallel 
effect  upon  /.  When  the  same  quantity  of  asphaltenes  was  added 
to  reference  oil  4,  the  change  in/ was  small  and  the  change  in  AT 
became  pronounced  only  at  the  higher  thrusts. 

EFFECT  OF  TEMPERATURE 

The  thrust  bearing  corrosion  machine  has  proved  to  be  a  highly 
useful  tool  when  the  corrosivity  of  oils  is  measured  at  different 
temperatures  and  considerable  effort  has  been  spent  in  examining 
the  effect  of  this  variable.  While  in  most  cases  a  20-hour  test  at 
the  standard  temperature  of  107°  C.  involves  only  mild  oxidation 
of  an  oil,  higher  temperatures  may  result  in  very  extensive  oxida¬ 
tion,  especially  when  oxidation  inhibitors  are  absent.  For  ex¬ 
ample,  white  oil  is  converted  to  a  semisolid  mass  in  20  hours  at 
180°  C.  with  either  copper-lead  or  cast-iron  bearing  specimens. 
No  attempt  has  been  made  to  isolate  the  effect  of  oil  oxidation 
as  such  at  higher  temperatures  and  attention  is  directed  pri¬ 
marily  to  the  bearing  losses  in  a  20-hour  test.  Table  VI  contains 
bearing  loss  data  at  different  temperatures  for  a  series  of  represen¬ 
tative  oils.  These  data  are  plotted  in  Figure  11. 

Oil  A  is  representative  of  a  noncorrosive  S.A.E.  30  western  oil. 

A  sharp  dependence  of  extent  of  corrosion  upon  temperature 
has  been  noted  for  those  oils  that  are  characterized  chiefly  by 
detergent  activity — B,  C,  and  E  in  Table  VI.  It  is  believed  that 
the  appearance  of  corrosive  activity  is  mainly  dependent  upon  the 
presence  or  absence  of  a  protective  film  on  the  bearing  surface, 
and  that  the  film  is  lost  at  a  particular  temperature  depending  on 
the  conditions  of  the  test. 

When  an  oil  has  antioxidant  properties,  the  development  of 
corrosivity  is  less  abrupt  with  increase  in  temperature  of  the  test, 
as  shown  by  oils  D,  F,  and  I.  These  oils  also  contain  detergents 
and  may  be  contrasted  with  B,  C,  and  E  discussed  above;  ap¬ 
parently  in  the  present  case  the  corrosiveness  depends  mainly  on 


Summary  of  20-hour  tests  on  oils  A,  B,  C,  D,  E,  F,  G,  H,  and  I 


j 

the  eventual  development  of  acidity  through  oxidation  of  the  oi 
Oil  H  is  representative  of  oils  that  contain  corrosion  suppressor 

METALLOGRAPHIC  EXAMINATION  OF  BEARING  SPECIMENS 

Metallographic  examination  of  bearing  sections  perpendicuL 
to  the  bearing  surface,  prepared  as  described  by  Grange  (I),  giv 
information  on  the  nature  of  bearing  corrosion.  Examples 
representative  sections  are  shown  in  Figure  10.  The  penetratii 
of  corrosion  is  evident  as  a  light-colored  horizontal  band,  set  < 
in  the  figure  by  brackets,  which  increases  in  depth  as  the  corrosii 
loss  values  increase.  Visual  inspection  under  the  microscoi 
shows  this  light  band  as  a  brighter,  richer  copper  color  than  tl 
copper  color  of  the  unaltered  copper-lead  matrix.  Assuming  th 
the  original  surface  is  preserved  and  only  lead  is  lost,  comparist 
of  the  values  of  bearing  loss  per  square  centimeter  with  the  mea 
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red  depth  of  corrosion  penetration  indicates  that  from  one  half 
>  two  thirds  of  the  available  lead  is  lost.  This  figure  is  only 
pproximate  and  may  be  expected  to  vary  greatly  in  different 
jecimens. 

The  penetration  of  corrosion  is  generally  regular  in  the  thrust 
earing  corrosion  machine  bearing  specimens  and  comparatively 
regular  in  engine  specimens.  The  latter  show  numerous  areas 
here  the  residual  metal  structure  has  broken  down  and  cavities 
jpear  in  the  metal  section.  The  metal  structure  is  sometimes  so 
eakened  in  spots  that  any  save  the  most  gentle  polishing  would 
iow  such  areas  as  fully  developed  cavities.  The  differences  in 
aiformity  of  penetration  in  the  laboratory  and  engine  specimens 
tn  be  seen  in  the  photomicrographs  but  are  more  evident  by 
sual  inspection  of  larger  fields. 

Thus  in  comparison  with  engine  specimens  the  thrust  bearing 
orrosion  machine  specimens  have  the  advantage  of  greater  free- 
>m  from  mechanical  breakdown,  and  at  the  same  time  show  com- 
lirable  sensitivity  to  corrosive  action.  The  disintegration  of  a 
■aring  resulting  from  the  loss  of  one  constituent  or  from  me- 
jianical  pounding  is  a  secondary  action  and  need  not  be  con- 
dered  if  the  primary  action  of  corrosion  itself  can  be  measured. 

VALUATION  OF  RESULTS  OBTAINED  IN  THRUST  BEARING  CORROSION 

MACHINE 

From  the  information  on  oils  on  which  service  records  are  avail- 
nle,  general  indications  are  that  any  oil  showing  a  corrosion  loss 
i  a  20-hour  thrust  bearing  corrosion  test  greater  than  1  mg.  per 
».  cm.  should  be  regarded  as  potentially  corrosive  and  those 
lowing  a  corrosion  loss  of  5  mg.  per  sq.  cm.  or  more,  very  defi- 
itely  corrosive.  Losses  0.3  mg.  per  sq.  cm.  or  less  are  considered 
igligible  under  the  conditions  in  which  the  test  is  carried  out. 


However,  since  in  actual  long-time  operation,  especially  under 
severe  or  unusual  conditions,  some  oils  in  this  latter  class  may  also 
become  corrosive,  it  is  not  safe  to  assume  noncorrosivity  from  the 
test  without  special  examination  of  the  oxidation  characteristics 
of  the  sample. 

The  temperature  has  been  shown  to  be  very  important  in  re¬ 
spect  to  the  development  of  corrosiveness  and  should  be  con¬ 
sidered  in  carrying  the  results  of  the  laboratory  test  into  practice. 
Oils  which  are  corrosive  below  100°  C.  can  be  expected  to  give 
undue  corrosion  in  engines. 

While  the  reproducibility  of  the  thrust  bearing  corrosion  test  is 
good,  it  is  desirable  to  make  two  tests  to  decide  any  particularly 
important  point.  When  the  corrosivity  changes  abruptly  with 
temperature,  the  reproducibility  in  respect  to  the  corrosion  loss 
near  the  critical  temperature  is  poor  because  small  differences  in 
conditions  make  large  differences  in  the  result. 

The  authors  would  be  glad  to  furnish  blueprints  to  those  who 
may  desire  to  construct  this  machine. 
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Efficient  and  Versatile  Laboratory  Fractionation  Column 

Assembly 


FLOYD  TODD1,  Lankenau  Research  Institute,  Philadelphia,  Pa. 


efficient  and  versatile  laboratory  fractionation  column  assembly 
ith  improved  features  is  described.  The  column  assembly  can  be 
lid  for  the  fractionation  of  practically  any  liquid  mixture  normally 
•countered  in  analytical  or  research  laboratories,  in  volumes  as 
(all  as  2  cc.  and  as  large  as  5000  cc.,  having  components  which 
til  from  room  temperature  to  400°  C.  (752°  F.),  with  a  fractionation 
•iciency  equivalent  to  30  to  50  theoretical  plates.  The  fractiona- 
tn  efficiencies  and  large  throughput  capacities  of  the  packings 


enable  complex  mixtures  to  be  separated  in  a  minimum  time. 
Mixtures  with  components  whose  boiling  point  differences  are  as 
little  as  5.9°  C.  can  be  readily  fractionated.  The  newly  developed 
staggered  dual  heating  unit  enables  a  packed  or  plate  laboratory 
column  to  operate  under  essentially  adiabatic  conditions  with 
complete  visibility  to  all  parts  of  the  apparatus.  By  means  of 
specially  designed  supports,  the  entire  apparatus  can  be  rapidly 
assembled  or  dismantled. 


k  N  EFFICIENT  and  versatile  laboratory  fractionation  col* 
i  A  umn  assembly  has  been  developed  and  used  extensively  by 
Id  author  in  his  research  projects  of  analytical  and  synthetic 
c;anic  chemistry.  Several  improvements  are  incorporated  in 
ts  fractionation  column  assembly  which  not  only  greatly  ex- 
tid  its  range  of  application  with  improved  fractionation  effi- 
cncy  but  also  make  it  a  generally  useful  piece  of  laboratory 
fuipment. 

The  newly  developed  staggered  dual  heating  unit  enables  any 
re  of  packing  or  plate  column  to  be  readily  operated  under  es- 
itially  ideal  adiabatic  conditions  at  temperatures  ranging  from 
>m  temperature  to  as  high  as  400°  C.  (752°  F.)  for  atmospheric 
0  vacuum  fractionations.  This  heating  unit  not  only  permits 
c  nplete  visibility  to  all  parts  of  the  apparatus  during  fractiona- 
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tion  bqt  also  eliminates  the  use  of  fragile  and  expensive  silvered 
vacuum  jackets. 

By  means  of  three  interchangeable  fractionation  columns,  it  is 
possible  to  fractionate  volumes  from  2  to  5000  cc.  with  a  frac¬ 
tionation  efficiency  equivalent  to  30  to  50  (H.E.T.P.  1.8  to  3.0 
cm.)  theoretical  plates  in  a  minimum  of  time. 

A  still  head,  common  to  the  three  interchangeable  columns, 
has  a  total  holdup  of  less  than  0.5  cc.  under  operating  conditions 
for  any  of  the  columns.  Its  compactness  enables  it  to  be  placed 
within  the  heated  jacket,  and  thus  greatly  aids  in  extending  the 
operating  temperature  range  of  the  fractionation  assembly. 

The  micro  control  reflux  regulator  was  used  for  its  exceptionally 
low  holdup  of  0.2  cc.,  simplicity,  compactness,  accuracy,  sta¬ 
bility  of  control,  and  extreme  range  for  controlling  reflux  ratios. 
It  can  readily  be  set  for  reflux  ratios  ranging  from  1-1  to  100-1, 
for  total  reflux,  or  for  total  collection  of  distillate.  The  reflux 
regulator  has  a  throughput  capacity  ranging  from  0.2  to  50  cc. 
per  minute. 

An  improved  spiral  packing  for  small-diameter  columns  is  also 
described  which  has  been  found  by  the  author  to  be  the  most  effi- 
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cient  of  the  many  tested.  Mixtures  of  o-  and  p-xylenes,  boiling 
5.9°  C.  apart,  can  be  readily  fractionated.  This  packing  has  a 
fractionation  efficiency  equivalent  to  50  (H.E.T.P.  1.8  cm.) 
theoretical  plates,  as  well  as  a  relatively  high  throughput  capacity . 

The  entire  apparatus  is  held  in  position  by  means  of  two 
specially  designed  metal  supports  at  the  upper  and  lower  ends, 
which  make  it  possible  to  assemble  or  dismantle  the  apparatus 
in  a  few  minutes.  These  supports  are  also  machine-grooved,  so 
as  to  make  all  the  concentric  tubes  self-aligning. 


Table  I  illustrates  the  broad  versatility  of  this  apparatus  as 
well  as  some  recommended  operating  conditions  which  were 
found  generally  useful.  For  the  majority  of  laboratory  fractiona¬ 
tions  the  rate  of  boiling  in  the  still  pot  should  be  maintained  at 
approximately  50%  of  the  initial  flooding  rate  of  the  recom¬ 
mended  packings.  This  rate  of  boiling  is  by  no  means  very  criti¬ 
cal,  since  these  recommended  packings  have  moderately  high 
fractionation  efficiencies  at  40  to  80%  of  their  initial  flooding  rates. 
Table  I  also  shows  that  unlimited  reflux  rates  are  possible  with 
the  micro  control  reflux  regulator.  However,  for  general  applica¬ 
tion,  a  reflux  ratio  of  approximately 
10  to  1  is  satisfactory  for  moderately 
rapid  fractionations.  Reflux  ratios 
of  50-1  to  100-1  may  also  be  used 
when  maximum  efficiency  is  required 
and  time  is  a  secondary  factor.  If 
the  apparatus  is  used  under  vacuum 
the  only  recommended  change  is  that 
the  packings  shown  be  used  as  sug¬ 
gested  in  Table  I  because  of  the  much 
higher  vapor  velocities  present  during 
vacuum  fractionations.  The  remain¬ 
der  of  the  data  shown  in  the  table  are 
self-explan  atory . 

Of  the  numerous  packings  and 
plates  reported  in  the  literature, 
the  author  prefers  0.16-  and  0.3-cm. 

(0.0625-  and  0.125-inch)  inside  di¬ 
ameter  stainless  steel  helices  (64-) 
when  this  metal  does  not  interfere 
with  the  material  being  fractionated, 
and  0.3-  to  0.6-cm.  (0.125-  to  0.25- 
inch)  glass  helices  or  beryl  saddles 
for  packing  material  where  a  non- 
metallic  packing  is  required.  These 
packing  materials  have  relatively 
high  efficiencies  and  high  throughput 
over  wide  rates  of  boiling.  For 
small-diameter  columns  of  5  mm.  or 
less,  the  McMillan  (37)  type  of 
spiral  packing  has  been  improved  by 
the  author,  so  that  it  is  the  most 
efficient  of  the  many  tested.  This 
improved  spiral  packing  also  has  an 
appreciably  higher  throughput  ca¬ 
pacity  than  any  of  the  helix-type 
packings  studied.  Owing  to  its  in¬ 
herent  physical  characteristics,  it 
cannot  be  adapted  to  the  larger 
columns  where  the  helices  can  be  used 
to  advantage. 

Efficiency  tests  on  many  designs 
of  fractionation  columns  and  packings 
have  been  reported  in  the  literature 
(1-66,  68,  69).  The  efficiencies  of 
the  majority  of  packings  are  reported 
on  the  basis  of  the  height  of  the  equiva¬ 
lent  theoretical  plate  (H.E.T.P.) 
values.  While  these  values  are  tech¬ 
nically  correct,  they  occasionally 
lead  to  erroneous  inferences.  Many 


Table  I.  Physical  Operating  Characteristics  of  the  Interchangeable 
Fractionating  Columns3 


Inside  diameter  of  columns, 

5 

12 

25 

mm. 

Length  of  packings,  cm. 

90 

90 

yu 

Inches 

36 

36 

36 

Type  of  packings 

Monel  spiral 

Vis-inchstain- 

i/i 6- inch  stain¬ 

with  closed 

less  -  steel 

less  -  steel 

core 

helices 

helices 

H.E.T.P.  at  total  reflux,  cm. 

1.8 

2.2 

3.0 

Inches 

0.7 

0.9 

1.2 

Total  number  of  plates  at 

50 

41 

30 

total  reflux 

Operating  temperature,  „„  _ 

range,  °  C. 

30-400 

30-400 

3U-4UU 

°  F. 

86-752 

86-752 

86-752 

Recommended  rate  of  boil¬ 

50%  initial 

50%  initial 

50  %  initial 

ing 

flooding  rate 

flooding  rate 

flooding  rate 

Flooding  points  of  above 

3.3 

12 

46 

packings  (toluene),  cc. 

per  mm. 

Recommended  fractionation 

2-100 

100-500 

500-5000 

charges,  cc. 

Total  holdup  of  column 

2. 

9.2 

35 

(toluene),  cc. 

Total  holdup  of  still  head 

0.4 

0.5 

0.6 

and  reflux  regulator,  cc. 

Reflux  ratios  possible  with 

Unlimited 

Unlimited 

Unlimited 

micro-control  reflux  regu- 

labor 

Packings  for  vacuum  frac¬ 
tionation 

Monel  spiral 

Vs-inch  stain¬ 

Vs-inch  stain 

with  open 

less  -  steel 

less  -  stee 

core 

helices 

helices 

°  Data  obtained  when  operating  columns  at  50%  of  their  initial  flooding 
rates. 


H.E.T.P.  values  reported  in  the  literature  were  obtained  from  tes 
columns  only  20  to  30  cm.  (8  to  12  inches)  long.  However,  Fensk 
stated  (23)  and  showed  graphically  (20,  p.  1631)  that  at  tbtal  reflu: 
the  degree  of  separation  increased  logarithmically,  not  linearly 
with  the  number  of  perfect  plates.  Peters  (48)  has  shown  tha 
the  H.E.T.P.  varies  considerably  with  different  test  mixture 
when  determined  under  identical  test  conditions.  In  addition 
the  H.E.T.P.  values  are  frequently  expressed  under  total  re 
flux  conditions  and  not  under  typical  working  conditions.  Th 
author  has  studied  a  large  number  of  packings  and  found  tha 
the  H.E.T.P.  values  at  total  reflux  conditions  frequently  indi 
cated  fractionation  efficiencies  from  25  to  50%  higher  than  the; 
actually  were  when  tested  at  a  reflux  ratio  of  10  to  1,  a  practica 
operating  condition.  Furthermore,  the  fractionation  effi 
ciency  of  any  packing  is  usually  inversely  proportional  to  th 
diameter  of  the  column.  Consequently,  the  H.E.T.P.  value 
on  one  column  cannot  be  readily  applied  to  columns  with  differ 
ent  dimensions.  For  these  reasons,  not  only  are  the  H.E.T.I 
values  given  for  the  different  packings  described  herein  whe 
tested  by  the  conventional  methods  using  binary  test  mixture  c 
n-heptane  and  methyl  cyclohexane,  but  in  addition,  actual  pei 
formance  fractionations  are  shown  in  Figures  6,  7,  8,  and  9  whic 
were  obtained  under  typical  working  conditions.  The  furthe 
significance  of  these  graphs  is  discussed  below. 

Numerous  types  of  plates  and  packing  materials  have  bee 
reported  in  the  literature  with  the  view  of  improving  fractions 
tion  efficiency,  but  very  little  attention  has  been  given  to  the: 
practical  application  under  adiabatic  conditions.  It  is  a  wel 
established  fact  that  in  order  to  obtain  maximum  efficiency,  an 
fractionation  column  must  be  operated  adiabatically  (withou 
heat  interchange),  particularly  when  fractionating  mixtures  cor 
tain  close  boiling  point  components.  The  large  petroleum  n 
finery  fractionation  columns  operate  practically  adiabaticall; 
This  is  primarily  due  to  the  large  throughput  capacity  of  tl 
columns  compared  to  their  heat  losses.  However,  the  througl 
put  capacity  of  laboratory  fractionation  columns  is  compar; 
tively  small  and,  as  a  result,  external  insulation  must  be  used  * 
prevent  heat  losses.  In  order  to  retard  column  heat  losses  si 
vered  vacuum- jacketed  columns  have  been  used,  but  even  wi< 
these  the  heat  losses  become  significant  at  elevated  temperature 
Silvered  vacuum  jackets  are  almost  perfect  thermal  insulator 
but  in  actual  practice  an  unsilvered  strip  on  the  vacuum  jackets 
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usually  used  to  allow  for  partial  visibility  of  the 
packing  or  plates  during  fractionation.  The  heat 
losses  through  these  unsilvered  strips  are  not 
very  significant  at  low  temperatures  (below 
100°  C.)  on  large  columns.  However,  these  heat 
losses  from  small-diameter  columns  at  any 
jtemperature,  and  from  large-diameter  columns 
at  elevated  temperatures,  become  considerable 
and  greatly  reduce  the  operating  range  and 
efficiency  of  the  column.  Auxiliary  external 
electrical  heaters  have  also  been  used  in  con¬ 
junction  with  the  silvered  vacuum  jackets  in  an 
attempt  to  adjust  for  these  heat  losses.  These 
temperature  adjustments  are  usually  not  suffi¬ 
ciently  accurate  and  are  also  cumbersome  be¬ 
cause  of  the  lack  of  suitable  temperature-control 
equipment. 

External  heating  of  laboratory  fractionation 
columns  is  generally  preferred  as  a  means  of 
insulating  columns,  but  there  is  one  serious 
disadvantage  which  has  not  previously  been 
eliminated;  previous  methods  of  external  heating 
bould  not  be  varied  to  permit  adiabatic  fractiona¬ 
tion  of  all  types  of  mixtures.  The  following  two 
examples  illustrate  this  point: 


t  * 


Mixture  with  Well-Separated  Boiling 
Components.  A  mixture  of  20%  of  benzene 
boiling  point  80.2°  C.)  and  80%  toluene  (boiling 
point  110.6°  C.)  was  fractionated.  The  tem- 
erature  of  the  vapor  entering  the  bottom  of  the 
Tactionation  column  was  101.8°  C.  while  the 
cemperature  of  the  vapor  at  the  top  of  the  column 
■vas  80.3°  C.  The  temperature  difference  was  Fiqure  2 
21.5°  C.  3 

Mixture  with  Close-Boiling-  Components. 

A  mixture  of  20%  of  carbon  tetrachloride  (boiling  point  77.0°  C.) 
ind  80%  of  benzene  (boiling  point  80.2°  C.)  was  fractionated. 
The  temperature  of  the  vapor  entering  the  bottom  of  the  fractiona- 
ion  column  was  79.0°  C.  and  at  the  top  of  the  column  was 
77.2°  C.  The  temperature  difference  was  1.8°  C. 


These  two  cases  illustrate  that  the  temperature  gradients  of  the 
vapors  in  the  column  vary  considerably  for  different  mixtures 
svith  the  same  concentration.  For  this  reason  the  external  tem¬ 
perature  of  the  column  should  be  capable  not  only  of  being  con¬ 
trolled  to  the  temperature  of  the  overhead  vapors  in  the  column 
but  also  of  being  varied  simultaneously,  so  that  the  internal  and 
external  gradients  of  the  column  are  the  same. 

A  rather  comprehensive  survey  of  foreign  and  domestic  litera¬ 
ture  on  laboratory  fractionation  columns  revealed  no  electrical 
heating  device  which  could  be  used  for  the  precision  control  of  the 
external  temperature  gradient,  a  condition  essential  for  adiabatic 
operation.  Subsequently  the  staggered  dual  heating  unit  was 
developed  by  the  author  readily  to  permit  essentially  adiabatic 
fractionation  of  mixtures  which  have  boiling  ranges  from  room 
temperature  up  to  400°  C.  (752°  F.).  This  staggered  dual  heat¬ 
ing  unit  not  only  enables  one  to  make  accurate  temperature  ad¬ 
justments  within  the  apparatus  with  complete  visibility  to  all 
parts  of  the  column  but  also  eliminates  the  necessity  of  using 
expensive  and  fragile  silvered  vacuum  jackets  or  other  types  of 
bpaque  insulating  materials.  This  heating  unit  will  also  permit 
any  type  of  packing  or  plate  to  be  operated  at  increased  efficiency 
by  virtue  of  its  inherent  design.  This  design  enables  the  external 
temperature  gradient  to  be  varied  along  the  entire  length  of  the 
olumn,  so  as  to  be  essentially  the  same  as  the  internal  tempera¬ 
ture  gradient  which  is  determined  solely  by  the  mixture  being 
fractionated. 

The  staggered  feature  of  this  dual  heating  unit  will  permit 
nearly  any  temperature  gradient  which  might  be  encountered  in 
the  fractionation  of  organic  liquids.  Typical  experimental  re¬ 
sults  (Table  II)  using  a  90-cm.  (3-foot)  packed  column  show  that 
the  external  temperatures  can  be  controlled  to  that  of  the  internal 


Table  II. 

Mixtures  Fractionated 

20%  CCh  and  80%  C6H6  20%  C6H6  and  80%  C.HsCHi 

(Temperature  Gradient 

(Temperature  Gradient 

1.8 

“  C.) 

21.6 

°  C.) 

Location  Inside 

Internal 

Internal 

and  Outside  of 

temp. 

External  temp. 

temp. 

Column  Where 

determined 

controlled  by 

determined 

controlled  by 

Temperatures 

by  vapor 

staggered  dual 

by  vapor 

staggered  dual 

Were  Recorded 

mixture 

heating  unit 

mixture 

heating  unit 

°  c. 

°  c. 

°  C. 

°  C. 

Top 

77.2 

77.0 

80.3 

80.0 

Upper  quarter 

77.6 

77.2 

83.4 

82.8 

Middle 

78.0 

77.4 

88.6 

88  6 

Bottom  quarter 

78.4 

78.2 

.94.6 

93.0 

Bottom 

79.0 

78.6 

101.8 

100.4 

temperatures  of  the  column  regardless  of  the  temperature  gra¬ 
dient  along  the  entire  length  of  the  column. 

In  laboratory  fractionations  it  is  impractical  to  measure  the 
temperatures  at  all  the  locations  shown  in  Table  II.  All  that  is 
necessary  in  practice  is  to  observe  the  “overhead”  vapor  tem¬ 


perature  and  adjust  the  top 
external  heating  unit  to  this 
temperature.  Then  the  vapor 
temperature  in  the  still  pot  is 
observed  and  the  lower  external 
heating  unit  is  adjusted  approxi¬ 
mately  to  this  temperature.  All 
the  intervening  temperature,  in¬ 
crements  along  the  entire  length 
of  the  column  will  automatically 
be  adjusted  to  the  proper  tem¬ 
perature  gradient  to  give  sub¬ 
stantially  adiabatic  fractiona¬ 
tion.  Table  II  was  obtained  in 
this  manner.  The  intervening 
temperature  recordings  were 
specially  made  to  check  the 
accuracy  of  this  staggered  dual 
heating  unit  but  are  unnecessary 
in  practice. 

APPARATUS 

The  essential  features  of  the 
apparatus  are  illustrated  in 
Figures  1,  2,  3,  and  4. 

Figure  1  shows  a  side  view  of 
the  apparatus  with  the  stainless- 
steel  jacket  in  position,  leaving 
the  front  view  unobstructed. 
Figure  3  shows  a  cross  section 
of  the  assembled  apparatus  with 
the  5-mm.  inside  diameter  frac¬ 
tionation  column  in  position 
containing  the  improved  spiral 
packing.  The  fractionation 
columns,  A  and  B  in  Figure  2 
and  C  in  Figure  3,  are  all  inter¬ 
changeable.  Figure  5  shows  the 
entire  apparatus  mounted  in  a 
steel  cabinet  as  it  has  been  used 
in  the  author’s  laboratory.  This 
steel  cabinet  is  not  essential  to 
the  operation  of  the  fractiona¬ 
tion  column,  since  a  special 
stainless-steel  jacket  is  used  to 
protect  the  apparatus  against 
breakage  and  excessive  drafts 
in  the  laboratory  during  frac¬ 
tionations.  This  jacket  (not 
shown  in  photograph)  encircles 
about  two  thirds  of  the  cir¬ 
cumference  of  the  apparatus. 
Figure  4  shows  the  staggered 
dual  heating  unit  which  is 
mounted  vertically  around  the- 
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external  circumference  of  heater  jacket,  L,  shown  in  Figure  3. 
This  heating  unit  is  shown  as  a  separate  figure,  so  as  not  to 
confuse  its  details  with  the  remainder  of  the  apparatus  in 
Figure  3. 

Construction  Details.  Fractionation  column  A,  Figure  2, 
is  made  of  Pyrex  brand  glass  and  has  upper  and  lower  19/38 
standard-taper  joints.  It  is  25  mm.  in  inside  diameter  and  has  a 
packed  section  90  cm.  (36  inches)  long.  A  conical  shaped  10- 
mesh  stainless-steel  support  is  used  at  the  bottom  of  the  column 
to  hold  the  packing  in  position.  External  hooks  at  the  top  of  the 
column  are  used  to  hold  the  column  while  inserting  it  or  removing 
it  from  the  top  of  the  apparatus.  Column  B  is  similar  to  A, 
except  that  it  is  12  mm.  in  inside  diameter.  The  retaining  ring 
at  the  bottom  of  the  column  is  used  to  support  it  on  the  recessed 
hole  of  support  S'.  Column  C,  Figure  3,  is  5  mm.  in  inside  diam¬ 
eter  and  contains  90  cm.  (36  inches)  of  improved  spiral  packing. 
This  precision-made  spiral  packing  consists  of  1.5-mm.  diameter 
Monel  metal  rod  wound  with  6  turns  per  inch.  The  center  core 
is  made  of  1.5-mm.  diameter  Monel  metal  rod.  Both  precision- 
made  spiral  packing  and  glass  column  are  essential  for  high  frac¬ 
tionation  efficiency.  The  center  core  of  the  spiral  packing  is 
removable  for  vacuum  fractionation.  This  column  is  also  pro¬ 
vided  with  an  additional  glass  jacket,  N,  to  aid  in  maintaining  a 
uniform  temperature  gradient  in  the  column  during  fractionation. 
A  metal  retaining  ring  at  the  bottom  of  the  column  is  used  to  hold 
jacket  A  in  a  centralized  position  and  thereby  eliminate  fragile 
inner  glass  seals.  This  jacket  is  not  necessary  for  the  larger 
columns,  A  and  B. 


T  T' 


T  T 


Figure  4 


The  same  still  head,  F,  is  used  with  all  the  fractionation 
columns.  It  has  a  19/38  standard-taper  joint  at  the  bottom  and  a 
10/30  standard-taper  joint  at  the  top  for  holding  thermometer  D 
at  the  75-mm.  immersion  mark,  the  still  head  is  connected  to  the 
reflux  condenser,  E,  and  to  the  micro  reflux  regulator,  G,  by 
means  of  rubber  tubing.  It  has  been  found  from  experience  that 
rubber  connections  are  more  desirable  than  the  rigid  one-piece 
glass  construction;  they  not  only  aid  in  preventing  breakage  but 
also  facilitate  assembling  the  apparatus.  When  dismantling  the 
apparatus  it  is  advisable  to  cut  off  these  rubber  connections  with 


Figure  5.  Apparatus  Mounted  in 
Steel  Cabinet 


a  sharp  instrument  rather  than  to  remove  them  by  hand.  The 
reflux  condenser,  E,  has  a  jacket  length  of  180  mm.  and  12-mm. 
inside  diameter  bore. 

The  micro  control  reflux  regulator,  G,  is  a  precision-made  stop¬ 
cock  which  is  geometrically  grooved  around  two-thirds  the  cir¬ 
cumference  at  the  plug  bore  diameter.  This  stopcock  is  inclined 
forward  at  an  angle  of  45°  and  downward  at  an  angle  of  30°  from 
the  horizontal.  The  side  arms  of  the  reflux  regulator  are  capil¬ 
lary  tubing  2  mm.  in  inside  diameter.  Drop  bulbs,  H  and  F, 
are  placed  on  the  reflux  regulator  and  still  head  respectively,  so 
that  the  approximate  reflux  ratios  at  the  top  of  the  column  can 
be  readily  determined.  , 

The  condenser,  I,  used  for  cooling  the  hot  distillate,  has  a 
jacket  length  of  120  mm.  and  a  bore  6  mm.  in  inside  diameter. 
The  receiver,  M,  which  has  a  capacity  of  50  cc.  and  is  graduated 
in  0.1-cc.  divisions,  was  found  the  most  generally  useful  size. 
This  receiver  is  used  for  both  atmospheric  pressure  and  vacuum 
fractionations.  Appropriate  stopcocks  are  used  for  connections 
to  the  vacuum  system,  air  inlet,  receiver,  and  column. 

The  staggered  dual  heating  unit,  illustrated  separately  m 
Figure  4,  consists  of  two  separate  heating  units  with  terminals, 
T’T'  and  TT,  respectively.  The  top  and  bottom  heating  units 
extend  the  entire  length  of  the  apparatus  and  are  overlapped  or 
staggered  in  the  middle  third  of  the  column.  These  heating  units 
are  supported  vertically  and  uniformly  around  the  outside  cir¬ 
cumference  of  the  Pyrex  tube  support,  L,  by  means  of  S-shaped 
Monel  metal  hooks,  inserted  through  small  holes  near  the  top  and 
bottom  of  this  support.  The  upper  and  lower  heating  units  are 
insulated  from  each  other  by  means  of  small  porcelain  rings  and 
kept  taut  with  four  springs,  P,  which  take  up  the  slack  when  the 
wires  expand  on  heating.  These  springs  are  made  of  special 
crucible  steel  whose  elasticity  is  not  affected  by  moderately  high 
temperatures  or  the  usual  corrosive  vapors  prevalent  in  the  labo¬ 
ratory.  Both  heating  elements  are  made  of  No.  22  B.  &  o. 
gage  Nichrome  wire  and  each  has  a  resistance  of  16  ohms  and  a 
maximum  total  heating  capacity  equivalent  to  1500  watts  when 

used  on  a  110-volt  alternating  or  direct  current  line. 

Slide-wire  rheostats,  R  and  R',  are  connected  in  senes  with  the 
upper  and  lower  heating  units,  respectively.  By  means  of 
these  rheostats  it  is  possible  to  vary  the  heater  jacket  tempera¬ 
ture  from  approximately  room  temperature  to  as  high  as  400 
(752°  F.).  These  rheostats  are  mounted  vertically  on  a  control 
panel  as  shown  in  Figure  5.  The  third  rheostat  shown  in  the 
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photograph  is  used  for  controlling  the  still-pot  heater,  Z.  Rheo¬ 
stats  R  and  R'  are  400  mm.  (16  inches)  long  and  45  mm.  (1.75 
inches)  in  diameter  and  each  has  a  resistance  of  105  ohms.  Both 
rheostats  are  of  the  heavy-duty  type  and  are  water-cooled,  so  as 
to  maintain  constant  resistance  while  in  operation.  Terminals 
T'T'  and  TT  pass  through  the  upper  and  lower  metal  sup¬ 
ports,  S  and  S',  respectively,  and  are  insulated  from  the  metal 
supports  by  means  of  flexible  herringbone  porcelain  insula¬ 
tors.  Brass  connectors  are  used  on  the  ends  of  the  terminals 
to  facilitate  connecting  the  column  heating  units  to  the  control 
rheostats. 

The  outer  Pyrex  tube,  K,  aids  in  the  insulation  of  the  appara¬ 
tus.  This  tube  is  100  cm.  long  and  7.5  cm.  in  diameter  and  is 
slotted  on  the  upper  right  side,  so  as  to  allow  the  still  head,  F,  to 
be  inserted  or  removed  without  dismantling  the  remainder  of  the 
apparatus.  In  addition  to  this  glass  jacket  there  is  a  polished 
stainless-steel  jacket,  J,  which  also  serves  as  an  insulator.  This 
steel  jacket  surrounds  approximately  two  thirds  of  the  apparatus 
and  leaves  the  front  third  open  for  complete  visibility  during 
fractionation.  This  jacket  is  made  of  No.  24  B.  &  S.  gage  18-8 
stainless  steel  with  a  No.  4  polished  finish.  This  jacket  is  also 
slotted  on  the  upper  right  side  and  is  attached  to  the  apparatus 
after  it  is  completely  assembled.  The  steel  jacket  is  3  mm. 
shorter  than  all  the  glass  jackets.  The  outer  concentric  raised 
ring  on  the  lower  support,  S',  is  machined  3  mm.  shorter  than  the 
remaining  concentric  rings  on  this  support.  This  enables  the 
steel  jacket  to  be  readily  attached  to  the  apparatus  by  inserting 
it  from  the  rear  into  the  outer  concentric  groove  on  the  upper 
support,  S,  and  then  pushing  the  lower  end  into  the  outer  con¬ 
centric  groove  of  the  lower  support,  S'. 

^Thermometers  O  and  O'  are  graduated  from  0°  to  400°  C.  in 
1°  divisions  for  total  immersion.  They  are  fastened  in  a  vertical 
position  to  the  inside  wall  of  the  heating  unit  support,  L,  by 
metal  clamps,  so  that  the  temperatures  immediately  adjacent  to 
the  fractionating  column  are  recorded.  The  still-head  thermom¬ 
eter,  D,  is  graduated  from  0°  to  360°  C.  in  1  °  divisions  with  a  10/30 


standard-taper  joint  at  the  75-mm.  immersion  mark.  For  very 
accurate  fractionations  it  is  advisable  to  replace  this  thermom¬ 
eter  with  one  which  is  graduated  in  0.1°  or  0.2°  C.  divisions. 
Still-pot  thermometer  Q  is  a  standard  75-mm.  immersion  ther¬ 
mometer  graduated  from  0°  to  400°  C.  in  1°  divisions. 

The  entire  apparatus  is  supported  by  means  of  two  specially 
designed  sturdy  metal  supports,  S  and  S',  at  the  top  and  bottom 
of  the  column,  respectively.  By  means  of  these  supports,  the 
fractionation  column,  heater  jacket,  insulator  jackets,  still  head, 
etc.,  can  be  rapidly  assembled  or  dismantled.  Since  the  concen¬ 
tric  grooves  on  the  supports  are  carefully  machine-finished,  all 
glass  parts  rest  directly  upon  the  supports  to  make  good  seals 
and  thus  avoid  the  necessity  of  using  packing  materials.  The 
fractionation  efficiency  of  the  entire  apparatus  depends  to  a  con¬ 
siderable  extent  on  the  accuracy  of  these  supports  because  an 
improper  metal-to-glass  seal  would  cause  serious  convection 
currents  within  the  apparatus.  This  effect  would  become  more 
serious  as  the  temperature  rises.  These  supports  greatly  tend  to 
eliminate  breakage  compared  to  the  conventional  types  of  clamps 
which  depend  on  lateral  pressure,  and  in  addition,  permit  com¬ 
plete  visibility  in  all  parts  of  the  fractionation  column. 

Since  this  apparatus  with  its  interchangeable  columns  can  con¬ 
veniently  fractionate  still-pot  charges  which  vary  from  2  to  5000 
cc.,  it  has  been  found  useful  to  have  a  series  of  still  pots  similar 
to  V,  Figure  3.  The  following  still  pots  with  19/38  standard- 
taper  joints  are  recommended:  10,  25,  50,  100,  250,  500,  1000, 
and  5000  cc.  The  10-  and  25-cc.  still  pots  are  too  small  to  have 
therometer  wells,  and  therefore  are  heated  indirectly  by  means  of 
oil  baths  having  immersed  thermometers.  These  still  pots  are 
supported  on  the  heater,  X,  by  means  of  removable  rings,  W, 
which  have  central  holes  that  vary  in  size  depending  on  the  ca¬ 
pacity  of  the  still  pot. 

These  rings  are  made  of  polished  aluminum  1.5  mm.  thick  and 
125  mm.  in  outer  diameter.  Polished  aluminum  shields,  U,  of 
different  sizes  protect  the  sides  and  rear  of  the  still  pots  from  drafts 
during  fractionations. 
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_  SEPARATION  OF  A  TEN- COMPONENT  SYNTHETIC  MIXTURE* 

BY  MEANS  OF 

THE  3- FOOT  COLUMN  WITH  THE  IMPROVED  SPIRAL  PACKING  5mm.  I.D. 


CHARGE : 


A 

B 

C 

D 

E 

F 

■  & 
H 
I 

J 


10  CC. 
10  cc. 
10  cc. 
10  cc. 
io  cc. 
IO  cc. 
IO  cc. 
IO  cc. 
IO  cc. 
IO  cc. 
IOO  cc. 


CVCLOPENTANE 
BENZENE 
TOLUENE 
ETHYL  BENZENE 
ISOPROPYL  BENZENE 
P -  ISOPROPYL  TOLUENE 
TETRAHYDRONAPHTHALENE 
A- METHYL  NAPHTHALENE 
A-N-AMYL  NAPHTHALENE 
A.  B-DI-N-AMYL  NAPHTHALENE 


.  CONDITIONS  : 

ADIABATIC  OPERATION 
REFLUX  RATIO  10:1 
RATE  OF  BOILING: 

50%  OF  FLOODING  POINT 
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Numerous  still-pot  heaters  have  been  tried,  but  X,  designed 
by  the  author,  was  found  the  most  satisfactory  because  of  the  very 
low  heat  capacity  of  its  construction  materials.  This  enables  the 
still  pot  to  be  adjusted  with  a  minimum  of  temperature  lag  and 
to  maintain  a  constant  temperature  once  the  still-pot  heater  is  set. 
The  heater  consists  of  an  ordinary  500-watt  coil  heater,  Z, 
mounted  in  a  vertical  position  in  a  polished  aluminum  shell,  X. 
This  shell  is  125  mm.  in  diameter  at  the  top  and  has  a  wall  thick¬ 
ness  of  1.5  mm.  A  radiant  reflector,  Y,  is  used  to  improve  heat 
insulation  and  is  made  of  No.  30  B.  &  S.  gage  polished  aluminum. 
The  walls  and  bottom  of  the  still-pot  heater  are  loosely  packed 
with  rock  wool  to  give  additional  insulation.  The  temperature 
is  varied  by  means  of  a  rheostat  not  shown  in  the  drawings  but 
shown  in  Figure  5 — a  heavy-duty  water-cooled,  slide-wire  rheo¬ 
stat  with  a  total  resistance  of  80  ohms,  mounted  vertically  on 
the  control  panel  adjacent  to  the  two  fractionation  column  con¬ 
trol  rheostats. 

OPERATION 

Figure  6  shows  the  results  of  a  quantitative  fractionation  of  a 
complex  synthetic  organic  mixture  of  liquids  when  using  the  5- 
mm.  inside  diameter  column,  packed  with  90  cm.  (36  inches)  of 
the  improved  spiral  packing  and  using  a  reflux  ratio  of  10  to  1. 
The  time  of  fractionation  was  about  8  hours.  The  volumes  were 
corrected  for  holdup.  The  technique  used  to  obtain  this  frac¬ 
tionation  was  developed  so  that  similar  fractionations  could 
readily  be  performed  with  a  minimum  of  experience  or  difficulty. 


The  operator  places  the  mixture  to  be  fractionated  in  a  still 
pot  with  a  volume  approximately  twice  that  of  the  mixture,  and 
adds  some  boiling  chips  to  minimize  superheating  or  bumping. 
The  charged  still  pot  is  then  carefully  mounted  in  position,  so 
that  there  is  a  slight  upward  pressure  on  the  fractionation  column 
to  prevent  leakage  at  the  joint.  The  micro  control  reflux  regu¬ 
lator  is  adjusted  for  total  reflux.  The  temperature  of  the  still- 
pot  charge  is  slowly  raised  until  the  bottom  portion  of  the  pack¬ 
ing  just  begins  to  flood.  This  rate  of  refluxing  is  noted  approxi¬ 
mately  and  the  rate  of  boiling  in  the  still  pot  reduced,  so  that  the 
reflux  rate  is  about  50%  of  what  it  was  at  the  initial  flooding 
point.  The  temperatures  of  the  upper  and  lower  portions  of  the 
column  are  then  slowly  raised  until  the  packing  is  wet  throughout 
its  entire  length.  When  refluxing  is  observed  in  the  still  head,  the 
overhead  vapor  temperature  is  noted  and  the  temperature  of  the 
upper  portion  of  the  heater  jacket  is  adjusted  to  this  same  tem¬ 
perature  as  indicated  by  column  thermometer,  0.  The  tempera¬ 
ture  of  the  lower  portion  of  the  heater  jacket,  as  indicated  by 
the  thermometer,  O',  is  adjusted  so  that  it  is  slightly  cooler  than 
the  still-pot  temperature.  The  refluxing  is  allowed  to  continue 
after  the  last  temperature  adjustment  until  equilibrium  condi¬ 
tions  are  almost  reached.  This  requires  about  10  to  15  minutes 
after  the  final  temperature  adjustment.  The  overhead  tempera¬ 
ture  then  becomes  constant  and  the  packing  is  uniformly  wet 
with  the  reflux  liquid.  Any  dryness  along  the  length  of  the  pack¬ 
ing  is  indicative  of  overheating  in  that  portion  of  the  column  and 
must  be  adjusted  accordingly.  These  temperature  adjustments 
enable  the  fractionation  to  be  performed  under  essentially 
adiabatic  conditions. 

After  the  apparatus  has  reached  equilibrium  conditions,  the 
micro  control  reflux  regulator  is  adjusted  to  any  desired  reflux 
ratio.  Because  of  the  high  efficiency  of  this  packing,  a  reflux 
ratio  of  10  to  1  is  generally  useful.  A  reflux  ratio  of  50-1  to  100-1 
may  be  used  for  the  fractionation  of  mixtures  having  very  close¬ 
boiling  components.  The  overhead  vapor  temperature  will  re¬ 


main  practically  constant  while  the  first  component  is  being  re¬ 
moved.  When  this  component  is  practically  all  removed,  the 
overhead  temperature  will  begin  to  rise.  The  upper  and  lower 
jacket  temperatures  are  again  adjusted,  as  mentioned  above,  to 
raise  the  external  column  temperature  to  adiabatic  conditions 
for  the  next  component.  This  process  is  repeated  for  each  com¬ 
ponent  as  it  is  removed.  The  same  procedure  is  used  for  atmos¬ 
pheric  pressure  and  vacuum  fractionations. 


SEPARATION  OF  CLOSE  BOILING  LIQUIDS 
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Figure  7  shows  that  volumes  as  small  as  2  cc.  can  readily  be 
fractionated.  Even  though  the  total  holdup  of.  the  spiral 
packing,  still  head,  and  micro  control  reflux  regulator  is  approxi¬ 
mately  3  cc.  under  normal  operating  conditions,  it  is  possible  to 
fractionate  small  volumes,  owing  to  the  inherent  design  of  the 
staggered  dual  heating  unit  which  enables  the  fractionation 
column  itself  to  be  operated  as  a  “temperature  graduated”  still 
pot  after  it  has  served  its  usefulness  as  a  fractionating  device. 

This  fractionation  was  accomplished  by  first  boiling  the 
contents  of  the  still  pot  into  the  5-mm.  inside  diameter  column 
containing  the  improved  spiral  packing  (90  cm.).  When  the  still 
pot  was  empty,  the  lower  jacket  temperature  was  slowly  raised 
in  order  to  make  the  lower  portion  of  the  column  serve  as  a  still 
pot.  When  the  packing  in  the  lower  portion  of  the  column  be¬ 
came  dry,  the  upper  external  jacket  temperature  was  slowly 
raised  until  the  upper  part  of  the  packing  also  became  dry. 
By  this  procedure  it  was  possible  to  remove  the  entire  liquid  con¬ 
tent  of  the  apparatus  to  obtain  an  85%  yield.  The  other  15% 
was  lost  principally  as  the  vapor  still  remaining  in  the  apparatus.  : 
While  this  is  not  a  very  efficient  method  of  fractionation,  the 
procedure  lends  itself  well  to  the  fractionation  of  small  volumes 
where  only  moderate  fractionation  is  necessary. 

Figure  8  shows  that  the  12-mm.  inside  diameter  column  packed 
(90  cm.)  with  0.16-cm.  (Vic-inch)  stainless  steel  helices  can  be  used 
for  efficient  fractionation  of  mixtures  containing  components  with 
boiling  point  differences  of  5.9°  C.  The  o-  and  p-xylenes  were 
purified  by  fractionation  until  each  had  a  boiling  range  of  less 
than  0.3°  C.,  then  combined  and  fractionated  adiabatically, 
using  a  reflux  ratio  of  50  to  1  while  operating  the  column  at  ap¬ 
proximately  50%  of  its  initial  flooding  point.  The  temperatures 
were  measured  by  means  of  a  National  Bureau  of  Standards 
certified  precision  thermometer,  graduated  in  0.1°  C.  divisions. 

Figure  9  shows  that  this  apparatus  can  be  used  for  efficient 
fractionations  of  large  variations  of  volumes  by  means  of  the  three 
interchangeable  fractionation  columns.  Each  column  was 
operated  at  50%  of  its  flooding  point  with  a  reflux  ratio  of  20  to  1. 
The  time  of  fractionation  in  each  case  was  about  the  same. 

SUMMARY 

An  efficient  and  versatile  laboratory  fractionation  column 
assembly  with  improved  features  is  described.  This  column  can 
be  used  for  the  fractionation  of  practically  any  liquid  mixture 
normally  encountered  in  analytical  and  research  laboratories. 
It  can  be  used  for  fractionating  volumes  as  small  as  2  cc.  and  as 
large  as  5000  cc.  having  components  which  boil  from  room  tem- 
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■erature  to  400°  C.  (752°  F.)  with  a  fractionation  efficiency 
quivalent  to  30  to  50  (H.E.T.P.  1.8  to  3.0  cm.)  theoretical 
fates.  The  fractionation  efficiency  and  large  throughput  ca- 
acity  of  the  packings  enable  complex  mixtures  to  be  separated 
l  a  minimum  of  time.  Mixtures  of  o-  and  p-xylenes,  boiling 
.9°  C.  apart,  can  readily  be  separated  quantitatively.  The 
ewly  developed  staggered  dual  heating  unit  enables  a  packed  or 
late  laboratory  column  to  be  easily  operated  under  essentially 
diabatic  conditions  with  complete  visibility  to  all  parts  of  the 
pparatus.  By  means  of  specially  designed  supports,  the  entire 
pparatus  can  be  rapidly  assembled  or  dismantled.  All  the 
bove  advantages,  and  the  fact  that  the  fractionation  column 
ssembly  can  be  readily  operated  with  a  minimum  of  experience 
ad  difficulty,  make  it  a  generally  useful  piece  of  laboratory 
juipment. 
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Quantitative  Determination  of  c/-Xylose  by  Selective 

Fermentation 

LOUIS  E.  WISE  AND  JOHN  W.  APPLING,  The  Institute  of  Paper  Chemistry,  Appleton,  Wis. 


A  simple  microbiological  method  has  been  developed  which  permits 
the  determination  of  12  to  50  mg.  of  xylose  in  the  presence  of 
glucose,  mannose,  arabinose,  and  glucuronic  acid,  with  an  accuracy 
of  96  to  104%.  It  depends  on  the  use  of  Hansenula  suaveolens 
(N.R.R.L.  No.  838)  which  ferments  xylose  quantitatively  but  not 
arabinose,  rhamnose,  fucose,  and  glucuronic  acid.  Inasmuch  as 
N.R.R.L.  No.  838  also  ferments  glucose,  the  hexoses  must  be 
fermented  prior  to  its  use.  Such  fermentation  is  effected  by  Sac- 
charomyces  carlsbergensis  (N.R.R.L.  No.  379),  which  has  only  a 
very  slight  action  on  xylose  (an  error  for  which  due  correction  may 
be  made). 

DESPITE  the  biological  and  industrial  importance  of  d- 
xylose,  no  specific  purely  chemical  method  exists  for  its 
quantitative  determination.  Most  straws  and  hardwoods,  in 
temperate  regions,  contain  over  20%  pentosans,  which  yield 
largely  xylose  on  hydrolysis.  The  coniferous  woods  often  contain 
7  to  12%  xylan,  and  practically  all  fibrous  raw  materials  entering 
the  pulp  and  paper  industry  (with  the  exception  of  cotton  and 
flax)  are  rich  in  xylans. 

Therefore,  waste  liquors  from  chemical  pulping  operations 
contain  either  the  precursors  of  xylose,  the  sugar  itself,  or  degra¬ 
dation  products  and  derivatives  of  the  sugar.  Most  commercial 
pulps  also  contain  xylans. 

The  presence  of  xylose  in  certain  liquors  obtained  on  acid 
hydrolysis  prior  to  pulping  (especially  those  obtained  in  European 
rayon  plants  using  straws  and  hardwoods  as  raw  materials)  has 
led  to  the  use  of  this  sugar  as  a  culture  medium  in  the  production 
of  protein  feedstuffs  and  as  a  source  of  furfural.  Furthermore, 
in  the  manufacture  of  furfural  from  oat  hulls,  cottonseed  hulls, 
corncobs,  etc.,  xylans  play  an  important  role.  It  is  evident, 
therefore,  that  a  specific,  proximate  method  for  xylose  in  various 
industrial  liquors  and  hydrolyzates  would  be  useful. 

Since  the  early  analytical  work  of  Councler  ( 1 )  and  its  modifica¬ 
tion  by  Tollens  and  his  co-workers  U),  a  standard  group  proce¬ 
dure  has  been  used  to  determine  pentosans  and  pentoses  in  plant 
materials.  This  is  the  classical  furfural  method  which,  however, 
does  not  serve  to  differentiate  between  xylose  and  arabinose,  or 
the  widely  distributed  uronic  acids.  Furthermore,  the  methyl- 
pentoses— e.g.,  rhamnose— yield  methylfurfural,  which  is  not 
readily  separated  from  its  homolog. 

The  problem  of  determining  xylose  and  arabinose  in  admixture 
was  attacked  by  Hopkins,  Peterson,  and  Fred  (2)  in  their  studies 
on  the  hydrolysis  products  of  root-nodule  gums.  Working  with 
pure  sugar  mixtures  (containing  no  uronic  acids),  they  fermented 
the  hexoses  quantitatively  with  appropriate  yeasts  and  then  re¬ 
sterilized  their  solutions,  added  sterile  calcium  carbonate,  in¬ 
oculated  with  pentose-destroying  bacteria,  and  incubated  the 
solutions  at  37°  C.  Under  these  conditions  Lactobacillus  gayonii 
(No.  36)  destroyed  only  xylose  and  Lactobacillus  mannitopoeus 
(No.  19)  destroyed  only  arabinose.  The  final  fermentation  re¬ 
quired  10  days,  and  satisfactory  results  could  be  obtained.  These 
bacteria  were  also  used  by  Lewis,  Brauns,  Buchanan,  and  Kurth 
in  their  studies  of  the  sugars  obtained  from  the  hydrolysis  of 
redwood  bark  (S).  However,  this  bacterial  action  was  very 
time-consuming  and  the  organisms  required  special  media  and 
techniques  for  their  maintenance.  Thus,  a  practical  method  for 
the  quantitative  determination  of  xylose  still  remained  to  be 
devised. 


EXPERIMENTAL 

Through  the  courtesy  of  L.  J.  Wickerham  of  the  Northern 
Regional  Research  Laboratory  at  Peoria,  Ill.,  a  number  of  micro¬ 
organisms  were  obtained  which  could  be  maintained  readily  by 
transfer  on  Bacto  dextrose  agar.  Previously,  Wickerham  (5) 
had  found  certain  differences  in  the  behavior  of  these  yeasts  and 
yeastlike  organisms  toward  xylose  and  arabinose.  On  the  basis 
of  such  differences,  qualitative  experiments  were  carried  out  at  the 
institute  to  determine  which  of  these  (if  any)  fermented  either 


of  the  two  common  pentoses. 

The  microorganisms  studied  were:  (a)  Candida  tropicalis 
(N.R.R.L.  No.  85);  (b)  Debaryomyces  membranae-faciens 

(N.r'r'l.  No.  927);  (c)  Hansenula  anomala  (var.  sphaerica) 
(N  RRL.  No.  778);  (d)  H.  saturnus  (N.R.R.L.  No.  12);  (e)  H. 
suaveolens  (N.R.R.L.  No.  838);  (/)  Saccharomyce s  acens-sacchan 
(N.R.R.L.  No.  359) ;  ( g )  S.  mucipans  (N.R.R.L.  No.  410) ,  (h) 
Torula  utilis  (A.T.C.  No.  8206);  (i)  Torulops^  mohschiana 
(N.R.R.L.  No.  218);  and  (j)  T.  sphaerica  (N.R.R.L.  No.  169). 
(h)  was  obtained  from  the  American  Type  Culture  Collection 
at  Washington,  D.  C. 

In  all  cases,  100  mg.  of  xylose  (or  arabinose)  in  25  ml  of  water 
were  mixed  with  15  ml.  of  starch-free  yeast  extract,  and  the  mix¬ 
ture  was  sterilized  and  treated  with  a  heavy  inoculum  of  the 
appropriate  microorganism.  Incubations  were  carried  out  at 
30°  C.  and,  at  intervals,  samples  were  withdrawn  aseptically 
for  qualitative  Fehling  reduction  tests.  Of  the  organisms  under 
experiment,  N.R.R.L.  No.  85  attacked  both  arabinose  and 
xylose  partially  within  92  hours.  Organism  N.R.R.L.  No. 
838  fermented  xylose  completely  within  that  time,  and  left  arabi¬ 
nose  seemingly  unattacked.  The  other  organisms  previously 
oV»r»TTrorl  nr»  flnnrpidifl.hle  action  on  either  pentose. 


As  a  result  of  these  tests,  Hansenula  suaveolens  (N.R.R.L.  No. 
838)  was  selected  as  the  most  promising  xylose  fermenter  and  a 
series  of  quantitative  experiments  was  made  as  in  the  previous 
work  on  fermentation  of  galactose  (6),  except  that  N.R.R.L. 
No.  838  replaced  N.R.R.L.  No.  379  ( Saccharomyces  carlsbergensis) 
and  that  the  incubation  period  was  extended  to  94  to  96 
hours  (in  place  of  48  hours).  The  experiments  showed  that  xy¬ 
lose  (provided  not  more  than  100  mg.  in  a  final  volume  of  50  ml. 
were  present)  was  fermented  quantitatively.  Glucose  was  also 
completely  fermented.  Arabinose  was  not  attacked  and  d-glucu- 
rone  was  attacked  very  slightly.  Mixtures  of  arabinose  and 
xylose,  when  treated  under  these  conditions,  permitted  the  re¬ 
covery  of  97  to  99.6%  of  the  arabinose  originally  present,  as  in¬ 
dicated  by  the  Munson-Walker  cuprous  oxide  reducing  values. 

Subsequently  it  was  found  that  all  types  of  fermentation  could 
be  expedited  by  agitation  of  cultures  on  a  shaking  device  during 
the  incubation.  Under  such  conditions  xylose  was  destroyed  by 
N.R.R.L.  No.  838  within  24  hours  and  mannose  and  glucose 
were  completely  fermented  within  5  to  6  hours  with  N.R.R.L. 
No.  379.  Galactose  was  utilized  by  N.R.R.L.  No.  379  within 


24  hours. 


In  consequence,  when  no  hexoses  were  present,  xylose  analyses 
were  carried  out  as  follows:  25  ml.  of  the  sugar  solution  con¬ 
taining  not  over  100  mg.  of  xylose  and  not  over  225  mg.  ol  tot  a 
suzarsS  were  added  to  a  500-ml.  Erlenmeyer  flask  and  treatec 
with  15  ml.  of  10%  starch-free  yeast  extract  [For  the  prepara 
tion  of  this  cf.  (6,  p.  30).  Some  recent  yeast  f  wa 

added  starch.  These  gave  anomalous  results.] 
sterilized  at  6.8-kg.  (15-pound)  pressure  (121  C.)  for  15  minutes 
cooled  and  inoculated  with  N.R.R.L.  No  838  (an  inoculum  s 

prepared  that,  in  the  Cenco-Sheard-Sanfordphotelometer,  lt  ga 

a  reading  of  9-13,  when  distilled  water  gave  an  initial  reading  o 
90  on  this  instrument) .  The  methods  for  transferring  I^eorga 
and  for  the  preparation  and  handhng  of  the  inoculum  were  entire ) 
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Table  I.  Effect  of  Hansenula  suaveolens  (N.R.R.L.  No.  838)  on 
Various  Individual  Sugars  (or  Sugar  Derivatives) 


(24-hour  fermentation  with  agitation  at  30°  C.) 


Sugar  Prior  to 

Sugar  (or  Sugar  Derivative) 

Fermentation 

Recovered  after  Fermentation 

Mg. 

Mg. 

Xylose 

100 

None 

Xylose 

50 

0.5 

Xylose 

50 

0.2 

Xylose 

50 

0.3 

Xylose 

50 

1.0 

Arabinose 

54 

54  0 

Arabinose 

50 

50.0 

Rhamnose 

50 

50.8 

Rhamnose 

25 

24.0 

Fucose 

25 

25.0 

d-Glucurone 

50 

46.0 

analogous  to  those  used  in  dealing  with  N.R.R.L.  Nos.  379  and 
966  (6) .  The  flask  was  shaken  continuously  for  24  hours  at  30°  C. 
( ±0.5°),  with  a  4-inch  stroke  and  96  oscillations  per  minute.  The 
suspension  was  made  up  to  100  ml.,  shaken,  and  filtered  through 
two  layers  of  hardened  filter  paper.  Aliquot  portions  (usually  50 
ml.)  of  the  filtrate  were  taken  for  analysis  by  the  usual  Munson- 
Walker  method.  Identical,  uninoculated  controls,  in  which  the 
inoculum  was  replaced  in  each  case  by  10  ml.  of  sterile  distilled 
water,  were  also  run  under  conditions  similar  to  those  outlined. 
The  difference  between  the  amount  of  cuprous  oxide  obtained  in 
the  control  and  that  obtained  from  the  fermented  solution  was  a 
measure  of  the  xylose  content.  [The  Institute  of  Paper  Chem¬ 
istry  has  collected  and  tabulated  data  on  the  Munson- Walker 
method  as  applied  to  sugars  other  than  glucose.  These  results 
(7)  include  cuprous  oxide-reducing  values  of  (Pfanstiehl)  d- 
xylose,  Aarabinose,  fucose,  rhamnose  d-mannose,  d-galactose,  and 
sodium  glucuronate  (purified  at  the  institute).  These  tables 
have  beeD  used  in  the  present  investigation.]  The  results  are 
given  in  Table  I. 

It  is  evident  that  xylose  is  almost  completely  fermented, 
whereas  arabinose,  the  methylpentoses  (rhamnose  and  fucose)  and 
I'f-glucurone  are  practically  unattacked  by  organism  N.R.R.L, 
No.  838.  The  data  establish  a  basis  for  the  assay  of  xylose  in 
the  presence  of  other  sugars. 

When  hexose  sugars  such  as  mannose  and  glucose  are  also 
oresent,  a  preliminary  fermentation  with  organism  N.R.R.L. 
No.  379  must  be  used.  This  was  carried  out  as  described  by 
Wise  and  Appling  (6),  except  that  the  mixture  was  placed  in  a 
)00-ml.  Erlenmeyer  flask  (instead  of  a  125-ml.  flask)  and  shaken 
ontinuously  for  24  hours  (instead  of  standing  for  48  hours)  at 
10°  C.  Each  experiment  was  run  using  two  identical  portions. 
4t  the  end  of  the  24-hour  period,  one  portion  was  made  up  to  100 
nl.,  filtered,  and  the  reducing  value  of  an  aliquot  of  the  filtrate 
aliquot  I)  was  determined  by  the  Munson-Walker  method. 
The  other  portion  was  resterilized,  inoculated  with  10  ml.  of 
N.R.R.L.  No.  838,  and  shaken  for  another  24  hours  at  30°  C. 

^  similar  aliquot  from  this  second  portion  (aliquot  II)  was  then 
analyzed  by  the  Munson-Walker  method.  The  cuprous  oxide 
ibtained  from  I,  minus  that  obtained  from  II,  gave  a  measure  of 
he  xylose  present.  As  found  previously  ( 6 ),  organism  N.R.R.L. 
No.  379  also  has  a  slight  action  on  xylose. 


In  more  recent  experiments,  it  was  shown  that  about  1  mg.  of 
ylose  in  a  50-ml.  volume  was  lost  during  a  24-hour  period  by  the 
ction  of  N.R.R.L.  No.  379,  in  the  absence  of  hexoses.  However, 
1  the  presence  of  a  large  excess  of  mannose  or  glucose,  this  loss 
'  usually  greater,  and  there  are  evidently  slight  fluctuations  in 
he  amount  of  xylose  that  is  destroyed.  On  the  basis  of  present 
ata,  the  mean  loss  of  xylose  was  about  2.0  mg.,  for  which  due 
orrection  was  made  in  Table  II.  This  table  gives  the  results  of 
ylose  determinations  in  admixture  with  other  compounds. 
Whenever  an  asterisk  occurs  in  the  final  column,  no  correction 
as  been  made  because  there  was  no  preliminary  fermentation 
ith  N.R.R.L.  No.  379. 


To  test  the  method  in  the  hands  of  workers  who  had  had  no 
rntact  whatever  with  its  development,  but  who  simply  fol- 
’wed  the  directions  given  above  for  the  xylose  assay,  pure  sugar 
uxtures  were  prepared  by  Paul  Cundy,  and  the  subsequent 
lanipulations  were  carried  out  by  John  McCoy  (microbiologist) 
id  Kathleen  Murphy  (analyst).  The  authors’  thanks  are  due 


to  these  collaborators,  whose  results  are  summarized  in  Table  III. 
These  analysts  used  two  different  solutions.  Solution  I  con¬ 
tained  1.0003  gram  of  glucose,  0.5001  gram  of  xylose,  and  0.5000 
gram  of  arabinose.  Solution  II  contained  1.0002  gram  of  glucose, 
0.2500  gram  of  xylose,  and  1.0000  gram  of  arabinose.  In  either 
case  the  volume  was  250  ml.,  of  which  Vio  was  taken  for  each  ex¬ 
periment.  The  final  aliquots  used  for  the  Munson-Walker  de¬ 
termination  always  corresponded  to  V20  of  the  original  sugar 
solutions. 

eM?®riments  A’  -®>.and  C,  run  in  duplicate,  were  made 
with  25-ml.  aliquots,  to  which  15  ml.  of  yeast  extract  were  sub¬ 
sequently  added  and  which  were  then  sterilized.  To  mixture  A 
sterile  distilled  water  were  added,  the  solution  was 
shaken  for  24  hours,  made  up  to  100  ml.,  and  filtered,  and  50  ml 
of  the  filtrate  were  taken  for  the  Munson-Walker  determination. 
A  served  as  a  control  for  the  series  because  no  fermentation  had 
rla^.e‘  B  was  treated  with  10  ml.  of  an  inoculum  of 
N.R.R.L.  No.  379  (which  ferments  only  glucose),  the  suspension 
was  shaken  for  24  hours,  made  up  to  100  ml.,  and  filtered,  and 
50  ml.  ol  the  filtrate  were  taken  for  analysis.  C  was  treated  with 
10  ml.  of  the  inoculum  of  N.R.R.L.  No.  379,  shaken  for  24 
hours,  resterilized,  treated  with  10  ml.  of  an  inoculum  of  N.R.R.L 
j  s^ak:en  for  another  24  hours,  made  up  to  100  ml. 
End  filtered,  and  50  ml.  of  the  filtrate  were  analyzed  for  reducing 
sugars. 

The  weight  of  cuprous  oxide  obtained  from  A,  minus  that  ob¬ 
tained  from  B  (after  fermentation),  was  a  measure  of  the  glucose 
present.  The  cuprous  oxide  obtained  from  C,  after  fermentation 
with  both  N.R.R.L.  Nos.  379  and  838,  was  a  measure  of  the 
arabinose  remaining  in  the  solution.  The  cuprous  oxide  ob¬ 
tained  from  B ,  minus  that  obtained  from  C,  gave  a  measure  of  the 
xylose  present. 

The  data,  summarized  in  Table  III,  from  which  cuprous  oxide 
figures  have  been  omitted,  are  the  average  results  of  closely 
agreeing  duplicate  determinations.  These  data  indicate  not 
only  that  the  method  is  serviceable  but  that  in  a  three-compo¬ 
nent  system,  in  which  the  nature  of  the  sugar  has  been  pre¬ 
determined  qualitatively,  the  method  furnishes  a  means  for  the 
quantitative  estimation  of  the  other  sugars,  as  well  as  xylose. 


DISCUSSION 

•  Inasmuch  as  there  is  no  rapid  chemical  method  for  the  deter¬ 
mination  of  d-xylose  in  sugar  mixtures,  the  selective  fermentation 
of  xylose  by  Hansenula  suaveolens  presents  a  new  tool  to  the  bio¬ 
chemist  and  the  sugar  analyst.  Hexoses  must  be  fermented  first 
with  an  appropriate  yeast  (like  Saccharomyces  carlsbergensis) , 


Table  II.  Assay  of  Xylose  in  Presence  of  Other  Compounds 


Compounds  Admixed  with  Xylose 

Xylose 

Taken 

Xylose 

Observed 

Fermented 

Corrected 

Mg. 

Mg. 

Mg. 

Mg. 

Two  Components 

Glucose 

Glucose 

Glucose 

Glucose 

Mannose 

Mannose 

Mannose 

Arabinose 

Arabinose 

Arabinose 

Arabinose 

Sodium  sulfate0 
Sodium  glucuronate 
Sodium  glucuronate 

50 

50 

50 

50 

50 

50 

25 

50 

100 

10 

50 

250 

25 

17.5 

25 

25 

25 

10 

50 

50 

50 

50 

20 

50 

50 

50 

50 

35 

22.4 

22.5 
23.8 

8.1 

46.2 

46.0 

47.7 
50.0 

19.7 
51.0 

50. 1 
50.0 

48.5 

34 

24.4 

24.5 
25.8 
10.1 
48.2 
48.0 
49.7 

* 

* 

* 

* 

* 

* 

* 

Three  Components 

Glucose 

Sodium  glucuronate 
Glucose 

Arabinose 

25 

12.5 

25 

25 

} 

} 

25 

25 

24.5 

24.0 

26.5 

26.0 

Four  Components 

Glucose 

Arabinose 

Sodium  glucuronate 

25 

25 

12.5 

25 

24.0 

26.0 

a  Sodium  sulfate  was  added  because  this  is  formed  on  neutralizing  acid 
hydrolyzates  of  the  polysaccharides  with  sodium  carbonate. 
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Table  111.  Assay  of  Xylose  in  Presence  of  Glucose  and  Arabinose 


Solution  I  Solution  II 


Sugar 

Taken 

Found 

Taken 

Found 

Mg. 

Mg. 

Mg. 

Mg. 

Glucose 

50.0 

50.4 

50.0 

48.7 

Xylose 

25.0 

23.0 

12.5 

12.0 

Arabinose 

25.0 

25.1 

50.0 

49.7 

which  has  minimal  action  on  the  pentoses.  A  continuous  shaking 
technique  greatly  accelerates  all  fermentations,  and  a  xylose 
assay  may  be  completed  within  55  hours,  usually  with  an  accu¬ 
racy  of  90  to  102%  (provided  no  correction  is  applied).  When 
due  correction  is  made  for  xylose  losses,  the  xylose  accuracy  is 
usually  96  to  104%.  Arabinose,  fucose,  rhamnose,  and  glucu¬ 
ronic  acid  are  virtually  unaffected  by  the  fermentation. 

Sodium  sulfate  (which  may  be  a  component  of  neutralized 
sugar  hydrolyzates)  does  not  interfere  with  the  analyses. 

Inasmuch  as  xylose  is  gradually  destroyed  by  hot  dilute  acids, 
the  assay  is  not  an  accurate  measure  of  the  xylans  originally 
present  in  unhydrolyzed  natural  products,  unless  allowance  is 
made  for  such  degradation.  (Unpublished  experiments  have 
shown  that  when  100  mg.  of  xylose  were  heated  under  reflux  with 
25  ml.  of  2%  sulfuric  acid,  17%  of  the  sugar  was  destroyed  in  16 
hours.)  Furthermore,  there  are  no  data  available  on  the  ac¬ 
tion  of  N.R.R.L.  No.  838  on  the  aldobionic  acids,  which  normally 
occur  among  the  hydrolysis  products  of  the  hemicelluloses.  For 
this  reason,  the  method  requires  further  study  in  its  application 


to  the  polysaccharides.  On  the  other  hand,  it  should  prove  use 
ful  in  determining  the  actual  xylose  content  of  hydrolyzate; 
The  method  also  serves  as  a  qualitative  identification  of  xylos 
in  mixtures  containing  glucuronic  acid,  arabinose,  rhamnose,  an 
fucose.  The  possible  application  of  this  method  to  holocellulos 
and  hemicellulose  hydrolyzates  is  being  studied. 
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Light  and  Electron  Microscopy  of  Pigments 

Resolution  an  d  Depth  of  Field 
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MANY  of  the  properties  which  pigments  possess  or  impart  to 
substances  with  which  they  are  incorporated  depend  upon 
the  size,  distribution  in  size,  and  shape  of  the  pigment  particles. 
Information  regarding  these  characteristics  is  essential  to  those 
who  study  the  properties  and  uses  of  pigments.  Since  the  micro¬ 
scope  furnishes  a  direct  way  of  getting  such  information,  it  has 
been,  and  is,  used  extensively  for  this  purpose. 

Until  very  recently  the  light  microscope  was  the' only  kind 
available  and  most  of  the  studies  of  pigment  particles  have  been 
made  with  it.  It  is  not,  however,  a  completely  satisfactory  in¬ 
strument  for  the  purpose  for  two  chief  reasons:  the  limit  set  on 
the  resolving  power  by  diffraction  effects  and  the  small  depth  of 
field  which  is  a  concomitant  of  large  numerical  aperture. 

RESOLVING  POWER 

The  limit  set  on  the  resolving  power  of  light  microscopes  by 
diffraction  is  about  0.11  micron  for  an  ultraviolet  microscope 
using  light  of  2500  A.  wave  length  and  0.16  micron  for  a  glass  lens 
microscope  using  light  of  3650  A.  wave  length.  These  values 
were  calculated  on  the  basis  of  the  Rayleigh  criterion  of  resolu¬ 
tion  and  are  values  which  may  be  approached  but  not  exceeded 
in  actual  use  of  the  instruments.  Some  of  the  particles  of  many 
pigments  and  nearly  all  of  the  particles  of  others  have  sizes  of 
this  same  order.  The  diffraction  effects  which  limit  the  resolving 
power  cause  the  images  formed  of  such  particles  to  be  inaccurate, 
the  departure  from  the  truth  being  greater  the  smaller  the  par¬ 
ticle.  Particles  of  size  below  the  resolving  power  of  the  instrument 
with  which  they  are  viewed  all  appear  the  same  size  regardless  of 
their  actual  size.  Two  small  particles  close  together  may  appear 
as  one.  The  contours  of  all  images  are  somewhat  diffused  and 


the  contours  of  two  particle  images  may  merge  where  the  d 
tance  between  the  two  particles  is  small.  Sharp  corners  appe 
rounded,  the  degree  of  rounding  being  greater  the  lower  the  ) 
solving  power  of  the  instrument.  This  rounding  will  falsify  t 
shape  of  particles — for  example,  images  that  should  be  square  t 
appear  more  and  more  nearly  circular  as  the  particles  becoi 
smaller. 

The  effect  of  a  limiting  resolving  power  on  the  imaging  of  p: 
tides  having  the  silhouettes  of  regular  polygons  was  investigat 
both  theoretically  and  experimentally  by  Borries  and  Kausche  ( 
Their  results  may  be  summarized  in  the  following  way.  If  r 
the  resolving  power  of  the  microscope  and  D  is  the  diameter  o 
circle  having  the  same  area  as  the  particle  silhouette,  the  ratio 
D  to  r  must  have  the  minimum  values  shown  in  Table  I  in  ore 
that  the  image  will  appear  as  a  polygon  rather  than  as  a  circle. 

As  an  illustration  of  the  meaning  of  these  results,  a  particle 
square  silhouette  being  viewed  with  a  microscope  with  a  resolvi 
power  of  0.2  micron  must  be  about  0.8  micron  on  a  side  at  t 
least  if  the  fact  that  the  image  should  be  square  and  not  circu 
is  to  be  perceived.  Since  very  many  pigments  have  average  p 


Table  I.  Minimum  Sizes  Relative  to  Resolving  Power  for  Accur 

Images 


Particle  Silhouette 


D/r 


Equilateral  triangle 

Square 

Hexagon 

Octagon 

Dodecagon 


2.4 
3.9 
6.8 

9.5 
14.8 
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A  B  C 

Figure  1.  Light  and  Electron  Micrographs  of  Small  Particle  Size  Zinc  Oxide 
A.  Light  micrograph,  3855X.  B.  Electron  micrograph,  4000 X.  C.  Electron  micrograph,  1 6, 000X 


[tide  sizes  of  the  order  of  0.5  micron  or  less,  little  information  re¬ 
garding  the  true  shape  of  the  particles  of  such  pigments  can  be 
obtained  with  such  a  microscope.  Even  the  use  of  an  ultraviolet 
microscope  with  a  resolving  power  of  0.11  micron  improves  the 
(situation  but  little. 

The  transmission-type  electron  microscope  in  its  present  stage 
pf  development  has  an  experimentally  demonstrated  best  resolv- 
:  ng  power  of  about  0.002  micron  and  a  resolving  power  attained 
livith  ordinary  care  in  routine  practice  between  0.004  and  0.007 
micron.  If,  for  purposes  of  illustration,  we  assume  a  resolving 
nower  of  0.005  micron,  we  find  from  Table  I  that  a  square  par- 
icle  need  be  only  about  0.02  micron  on  a  side  at  the  least  to  have 
ts  image  appear  square  rather  than  circular.  The  great  majority 
if  particles  of  nearly  all  pigments  have  diameters  greater  than 
his  or  even  greater  than  the  0.033-micron  minimum  diameter  for  a 
Hexagonal  shape  which  we  can  calculate  from  Table  I.  Conse¬ 
quently,  the  electron  microscope  yields  a  more  accurate  picture 
d  the  size  and  shape  of  the  particles  in  pigments,  particularly 
if  the  small-sized  ones,  than  does  the  light  microscope. 


COMPARISON  MICROGRAPHS 

This  fact  is  demonstrated  by  the  micrographs  of  small  particle 
size  zinc  oxide  in  Figure  1  which  were  made  with  a  light  micro- 
<cope  and  with  an  R.C.A.  Type  B  electron  microscope. 


field  of  view  and  measure  particle  images  on  an  enlarged  print  or 
projection  of  the  micrograph.  The  depth  of  field  of  a  high-power 
light  microscope  used  photographically  is  only  0.1  micron  or  less. 
As  a  result,  particles  or  features  of  particles  which  are  more  than 
about  0.05  micron  from  the  object  plane  will  not  appear  in  focus 
in  the  micrograph.  Since  the  great  majority  of  pigment  particles 
are  larger  than  this,  it  is  a  practical  impossibility  to  obtain  a  light 
micrograph  of  a  pigment  in  which  the  outlines  of  all  particles 
are  in  a  focus. 

Because  of  the  low  numerical  apertures  which  are  used,  the 
depth  of  field  of  electron  microscopes  as  used  at  present  is  of  the 
order  of  several  microns.  In  an  electron  micrograph  properly 
made,  all  parts  of  the  outlines  of  all  but  the  very  largest  particles 
in  any  field  of  view  will  be  in  satisfactory  focus. 

LIGHT  AND  ELECTRON  MICROGRAPHS  OF  IDENTICAL  FIELDS 

The  differences  in  images  of  pigment  particles  which  occur  in 
light  and  electron  micrographs,  in  consequence  of  this  difference 
in  depth  of  field,  as  well  as  differences  attributable  to  resolving 
power,  may  be  seen  in  the  micrographs  of  Figures  2,  3,  and  4. 
These  are  of  progressively  larger  kinds  of  zinc  oxide. 

In  each  figure  there  are  two  micrographs  of  the  same  field,  one 
made  with  the  electron  microscope  and  the  other  with  the  light 
microscope.  These  were  made  in  the  following  way: 


The  first,  A,  was  made  with  a  light  microscope  at  1285X  using 
due  light  from  a  cadmium  spark  and  is  reproduced  at  3855  X. 
The  limiting  resolving  power  of  the  microscope  was  0.16  micron. 
The  particles,  whose  average  diameter  is  about  0.1  micron,  all 
ippear  spherical  or  slightly  egg-shaped  and  have  diffuse  contours. 
P  contrast,  the  particle  images  of  the  electron  micrographs,  B  and 
\  of  the  same  pigment  are  sharply  defined  and  of  a  variety  of 
Shapes.  Figure  1,  B,  at  nearly  the  same  magnification  (4000 X) 
Its  A  contains  many  images  smaller  than  any  in  A.  These  appear 
is  mere  dots  to  the  eye,  but  with  higher  magnification  as  in  C  at 
6,000  X ,  the  partieles  are  revealed  to  be  predominantly  prismatic 
n  shape. 

DEPTH  OF  FIELD 

' 

The  effects  of  the  small  depth  of  field  which  is  the  inevitable 
esult  of  the  high  numerical  aperture  of  a  high-power  light  micro- 
cope  may  be  just  as  serious  as  low  resolving  power  in  obscuring 
he  true  shapes  and  sizes  of  particles  and  sometimes  in  producing 
i  fictitious  distribution  in  size.  In  making  particle-size  determi- 
lations  of  the  smaller  size  pigments  it  is  customary,  and  necessary 
'rom  a  practical  standpoint,  to  make  a  micrograph  of  a  chosen 


A  thin  nitrocellulose  film  containing  the  dispersed  pigment  was 
mounted  on  a  thin  brass  disk  3  mm.  in  diameter  and  having  a 
hole  through  its  center  about  0.1  mm.  in  diameter.  An  area  of  the 
film  near  the  center  of  this  hole  was  photographed  in  the  electron 
microscope.  The  disk  was  then  placed  on  a  microscope  slide  and 
completely  immersed  in  cedar  oil.  A  cover  slip  was  then  placed 
on  top  of  the  disk  and  a  micrograph  maJe  with  a  light  micro¬ 
scope,  at  the  same  magnification  as  before,  of  the  area  previously 
photographed.  By  the  exercise  of  care  in  the  handling  of  speci¬ 
mens  it  was  possible  to  have  most  of  the  required  areas  flat 
enough  to  be  in  good  focus  in  the  light  micrographs.  The  resolv¬ 
ing  power  attainable  with  the  light  microscope  with  specimens 
mounted  in  this  way  is  probably  not  so  high  as  with  the  usual  sort 
of  specimens,  but  the  difference  is  thought  to  be  small. 

As  in  Figure  1,  there  are  present  in  the  electron  micrographs 
small  particles  which  do  not  appear  or  are  very  faint  in  the  light 
micrographs.  This  is  particularly  striking  in  Figure  3.  In  each 
of  the  three  pairs  of  these  comparison  micrographs,  the  large 
general  features  of  the  fields  are  the  same,  but  the  details  of  the 
particles  are  unlike,  the  differences  arising  from  the  difference  in 
resolving  power  and  depth  of  field  of  the  microscopes.  In  many 
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Figure  2  (above).  Figure  3  (center),  and  Figure  4 
Identical  Fields  of  Three 
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(lower).  Pairs  of  Light  and  Electron  Micrographs  of 
Different  Kinds  of  Zinc  Oxide 


A.  Light  micrographs  B.  Electron  micrographs 
Magnification,  approximately  X5000 


I 
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ises  particles  shown  clearly  in  the  electron  micrograph  are  so  far 
it  of  focus  in  the  light  micrograph  as  to  be  almost  invisible.  In 
;her  cases,  the  apparent  shape  of  a  particle  is  different  in  the  two 
aerographs  of  a  pair  because  part  of  it  is  out  of  focus  in  the 
ght  micrograph.  When  a  particle  is  in  focus  in  both  micro- 
•aphs  of  a  pair,  there  usually  is  a  difference  in  shape  in  the  two 
lages.  In  one  case,  a  particle  (not  shown  in  the  figures)  which 
jpears  to  be  a  sphere  0.4  micron  in  diameter  in  the  fight  micro- 
•aph  had  a  hexagonal  outline  of  0.34  by  0.60  micron  dimensions 
the  electron  micrograph.  In  another  case  an  oval  image  0.5 
r  0.4  micron  in  the  fight  micrograph  was  seen  to  correspond  to  a 
:edle  shape  0.5  by  0.2  micron  with  a  blunt  point  at  either  end. 
i  many  cases  nearly  rectangular  shapes  in  the  electron  micro- 
aphs  correspond  to  slightly  dumbbell-shaped  images  in  the 
;ht  micrographs. 

The  significance  of  such  differences  in  pigment  imaging  as  are 
own  here  to  the  micrographical  determination  of  particle  size  is 

sar. 

Many  pigments  of  small  particle  size  appear  in  fight  micro- 
aphs  to  be  composed  of  spherical  particles.  In  many  cases  elec- 
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tron  micrographs  reveal  that  the  particle  shapes  depart  consider¬ 
ably  from  the  spherical.  These  departures  will  need  to  be  taken 
into  account  in  any  accurate  evaluation  of  particle  size  by  micro¬ 
scopical  observation.  Further,  smaller  particles  and  relatively 
more  small  particles  appear  in  electron  micrographs  than  in  fight 
micrographs  of  many  pigments,  especially  in  those  of  small  aver¬ 
age  size.  In  these  cases  particle  sizes  obtained  from  measure¬ 
ments  on  electron  micrographs  will  be  smaller  than  previous 
results.  Such  particle-size  determinations  are  at  present  being 
made  on  a  number  of  commercial  zinc  oxides  in  this  laboratory. 
The  average  sizes  obtained  are  of  the  order  of  25  to  50%  less  than 
previous  values  obtained  with  the  fight  microscope. 
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micropipet  connected  to  a  leveling  bulb  is  used  for  a  buret 
lich,  by  remote  control,  is  able  to  deliver  up  to  0.05  cu.  mm.  of 
indard  solution  into  a  drop  that  is  located  in  the  field  of  view  of  a 
croscope  for  the  purpose  of  continuous  observation.  The  dis- 
acement  of  the  meniscus  in  the  buret,  too,  is  determined  under  the 
icroscope.  The  micrometer  readings  may  be  easily  converted  to 
re  the  customary  units  of  volume  and  mass,  if  the  burets  are  cali- 
ated  as  described  and  the  concentrations  of  the  standard  solutions 
e  known.  The  titrated  solution,  which  may  have  a  volume  of  0.05 
0.5  cu.  mm.,  is  contained  in  an  open  capillary,  one  side  of  which 
connected  to  a  plunger  device,  so  that  the  drop  of  solution  may 
:  made  to  move  back  and  forth.  The  eddy  currents  in  the  moving 
op  produce  the  required  stirring.  A  precision  of  ±8  to  ±15 
irts  per  thousand  has  been  obtained  in  titrations  with  acid  and  with 
ver  nitrate.  Observation  of  a  color  change  in  the  small  volumes 
solution  is  difficult,  and  so  far  only  colorations  obtained  in  con- 
:ction  with  adsorption  on  microscopic  or  colloidal  particles  have 
ten  sufficiently  sensitive.  Other  means  for  the  indication  of  end 
>ints  are  being  investigated. 


JP  TO  the  present  time  more  dilute  solutions  have  been  em¬ 
ployed  in  titrimetric  determinations  on  a  microgram  scale 
an  are  used  when  working  with  large  quantities  (7,  9,  10). 
le  disadvantages  of  such  procedures  are  obvious  ( 5 ).  Thus, 
was  decided  to  develop  a  technique  which  permits  retaining  the 
■stomary  concentrations  of  the  solutions  as  it  has  been  done  with 
rimetric  determinations  on  milligram  samples  (5) . 

Obviously,  greater  difficulties  have  to  be  overcome  on  the 
aerogram  scale  because  of  the  small  volumes  resulting  from 
•  herence  to  the  customary  concentrations.  Division  of  the 
fumes  of  macroanalysis  by  one  million  show's  that  the  capacity 
•  a  microgram  buret  should  equal  0.05  cu.  mm.  and  that  the 
>lume  of  the  titrated  solution  at  the  end  point  may  vary  from 

1  Present  address,  Department  of  Chemistry,  Queens  College,  Flushing, 


0.05  to  0.5  cu.  mm.  Accurate  handling  of  such  volumes  re¬ 
quires  mechanical  manipulators  and  observation  with  the  aid  of 
a  low'-power  microscope.  The  general  technique  {1,  2,  S),  the 
required  microscope  with  rotating  mechanical  stage  {2,  3,  4),  the 
simplified  manipulator  {2,  S),  the  moist  chamber  in  which  the 
titrations  are  carried  out  U),  the  plunger  device  {2,  3),  the  carrier 
slide  (3),  and  the  reagent  containers  ( 1 )  have  been  described  in 
preceding  papers. 

THE  BURET 

A  micropipet  with  straight  tip  as  used  in  qualitative  work 
on  the  microgram  scale  (2,  3)  serves  as  a  buret.  It  is  mounted 
in  the  usual  manner  in  a  pipet  holder  (h,  Figure  1C)  which  has 
been  made  fast  in  the  clamp  of  the  simplified  manipulator  (1,  3). 
The  pipet  holder  is  connected  by  means  of  rubber  tubing  of  2- 
to  3-mm.  bore  to  bulb  a  of  the  leveling  device  (Figure  2).  Rubber 
tubing  of  the  same  kind  is  suitable  for  connecting  bulbs  a  and  b 
which  are  approximately  half  filled  with  water.  Bulb  b  is  best 
made  of  a  separatory  funnel  of  50-ml.  capacity.  It  is  clamped 
to  the  rod  of  a  mechanical  stand,  so  that  it  can  be  raised  and 
lowered  in  front  of  a  centimeter  scale  by  means  of  a  rack-and- 
pinion  motion. 

The  buret  proper  is  shown  in  Figure  1A.  Its  nozzle  is  formed 
by  tip  tp,  shaft  st,  and  taper  tr  of  the  micropipet  proper  (4) ;  the 
“calibrated  tube”  is  represented  by  a  short  length  of  the  shank 
adjacent  to  the  taper.  Actually,  only  a  reference  mark,  re,  is 
provided  at  a  distance  of  3  to  5  mm.  from  the  taper,  and  the 
displacement  of  the  meniscus  is  measured  with  the  aid  of  the 
eyepiece  micrometer  of  the  microscope.  The  illustration  shows 
only  a  small  portion  of  the  shank  which  would  have  to  be  given 
a  length  of  1  meter  when  drawn  to  the  scale  of  Figure  1A. 

The  bore  of  the  shaft  of  the  micropipet  is  determined  by  the 
desired  capacity  of  the  buret  and  by  the  true  diameter  of  that 
part  of  the  microscopic  field,  which  is  covered  by  the  scale  of  the 
eyepiece  micrometer.  This  diameter  in  turn  depends  upon  the 
magnification  given  by  the  objective.  In  the  experiments  re¬ 
ported  below,  combination  of  an  8  X  objective  with  a  screw 
micrometer  eyepiece  of  Zeiss  permitted  following  the  movement 
of  the  meniscus  over  a  distance  of  2  mm.  Thus,  a  bore  of  the 
shank  of  somewhat  less  than  0.2  mm.  gave  the  buret  a  capacity 
of  0.05  cu.  mm. 

The  dimensions  of  the  nozzle  and  the  tip  are  by  necessity  a 
compromise  between  precision  and  efficiency.  An  opening  of 
the  tip  20/i  in  diameter  has  been  found  convenient.  It  is  obvious 
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it  becomes  thick.  A  trace  of  the  balsam  is  then 
used  to  spin  a  thread  between  the  two  tips  of 
curved  forceps.  When  a  thread  of  the  thickness  i 
of  a  hair  has  been  obtained,  it  is  wrapped  halfway 
around  the  shank  of  the  buret. 

The  precision  obtainable  with  the  burets  de¬ 
pends  essentially  upon  a  proper  choice  of  objective 
magnification  and  micrometer  rulings,  which 
makes  it  possible  to  utilize  nearly  the  whole  length 
of  the  scale.  If  the  image  of  the  buret  is 
projected  on  a  ruled  screen,  correction  for  the 
distortion  near  the  edge  of  the  field  is  easily 
obtained  from  comparison  with  the  image  of  a 
stage  micrometer  scale.  A  displacement  of  the 
meniscus  equal  to  nearly  twice  the  length  of  the 
scale  may  be  measured,  if  the  zero  reading  is  taker 
with  the  meniscus  above  the  reference  mark  ol 
the  buret,  whereupon  the  meniscus  is  made  tc 
move  an  approximately  equal  distance  below 
the  mark  for  the  final  reading. 


A,  buret  with  remote  control,  7  times  natural  size;  tp,  tip;  st,  shaft;  tr,  taper;  sk,  shank;  re,  reference 

mark 

B,  open  titration  cone,  7  times  natural  size;  sh,  shank  of  titration  cone;  tv,  titration  cone  proper;  at,  shaft 

of  buret,  hio,  meniscus  of  hydraulic  water 

C,  buret,  schematic;  tp,  tip;  ms,  meniscus  of  standard  solution;  a,  air  column;  h,  pipet  holder  of  metal 

with  rubber  washer  (shaded  horizontally) 


that  a  finer  opening  would  permit  a  more  delicate  control  of  the 
outflow  of  standard  solution,  but  would  result  in  greater  ex¬ 
penditure  of  time  for  each  titration. 

The  operation  of  the  buret  relies  on  the  utilization  of  surface 
forces,  and  no  stopcock  of  any  kind  is  required  (2,  8).  When  the 
tip  of  the  horizontal  buret  is  inserted  into  an  aqueous  solution, 
the  liquid  would  fill  the  whole  tube  unless  the  flow  is  stopped  by 
raising  bulb  b  of  the  leveling  device,  so  as  to  give  the  body  of  air, 
which  fills  the  shank  of  the  buret,  the  pipet  holder,  the  upper 
half  of  bulb  a,  and  the  connecting  tubing,  a  pressure  equal  to 
the  pressure  2 y/R  produced  by  the  surface  tension  at  the  inter¬ 
face,  ms.  As  is  customary,  y  and  R  signify  surface  tension  and 
radius  of  bore  at  ms,  respectively.  The  motion  of  the  advancing 
meniscus  is  arrested  in  this  manner  when  the  meniscus  arrives 
at  a  point  approximately  1  to  2  mm.  above  the  reference  mark. 
The  “equilibrium  pressure”  in  centimeters  of  water  column, 
approximately  15  cm.,  may  now  be  read  directly  off  the  leveling 
device. 

When  the  tip  of  the  buret  is  withdrawn  from  the  solution, 
another  interface  is  formed  at  tp.  Since  the  bore,  2 r,  at  tp  is 
considerably  smaller  than  that  at  ms,  the  surface  force  originating 
at  tp  is  much  stronger  than  that  originating  at  ms.  A  pressure 
equal  to  2-y/r  +-  2 y/R — i.e.,  50  to  150  cm.  of  water  column — 
is  required  to  expel  drops  of  water  from  the  tip  into  air.  Lower 
pressures  than  this  affect  the  curvature  of  the  meniscus  at  tp 
but  cannot  produce  outflow. 

Before  starting  a  titration,  leveling  bulb  b  is  moved  into  a 
position  giving  a  pressure  higher  than  equilibrium  pressure  but 
lower  than  required  for  expelling  drops  into  air.  This  “operating 
pressure”  can  be  exactly  regulated  within  a  wide  range  by  means 
of  the  leveling  device,  and  any  desired  rate  of  outflow  may  be 
easily  obtained.  The  outflow  is  then  started  by  inserting  the 
tip  of  the  buret  into  a  solution,  and  it  may  be  stopped  at  any 
time  by  withdrawing  the  tip  into  air. 

The  burets  are  prepared  from  heavy-walled  Pyrex  tubing  having 
an  outer  diameter  of  approximately  6  mm.  and  a  bore  of  2  mm. 
The  tubing  is  placed  for  15  minutes  in  hot  chromic-sulfuric  acid, 
then  rinsed  with  tap  water,  distilled  water,  and  finally  alcohol. 
After  drying  it  is  drawn  into  capillaries  of  0.5-mm.  outer  diam¬ 
eter,  which  have  a  bore  of  approximately  0.2  mm.  After  the 
bore  is  measured,  the  capillaries  are  cut  into  lengths  of  20  cm. 
The  nozzles  of  the  burets  are  best  mechanically  drawn  by  means 
of  Rachele’s  device  (4)-  Thus,  each  length  of  capillary  gives  2 
symmetrical  burets  with  fine,  open  tips.  While  a  stream  of  clean 
air  is  continuously  forced  through  the  fine  opening,  the  nozzles 
of  the  burets  are  immersed  in  smoking  hot  paraffin  and  very 
slowly  withdrawn  again.  Then  the  very  fine  ends  of  the  nozzles 
are  snapped  off  by  means  of  straight  forceps,  so  as  to  obtain 
orifices  approximately  20m  in  diameter.  The  burets  are  then  laid 
upon  a  microscope  slide  and  thus  transferred  to  the  stage  of  a  mi¬ 
croscope.  The  portion  of  the  shank  adjacent  to  the  taper  is  in¬ 
spected  for  uniformity  of  bore  by  measuring  the  apparent  diam¬ 
eter  at  intervals.  Each  buret  is  finally  provided  with  the 
reference  mark  on  the  shank  3  to  5  mm.  from  the  beginning 
of  the  taper.  Canada  balsam  is  heated  on  the  steam  bath  until 


On  an  average,  approximately  17  scale  division.1 
of  each  standard  solution  were  used  in  the  ti- 
trations  of  Table  I.  The  maximum  reading 
error  was  estimated  as  equal  to  ±0.25  division 
which  corresponds  to  an  average  deviation  o 
roughly  ±0.06  division.  Considering  that  foui 
readings  were  required  in  each  determination  o 
the  base-acid  ratio,  the  resulting  uncertainty  i 
becomes  equal  to  ±7  parts  per  thousand  when  expressed  as  rel 
ative  average  deviation  of  a  single  determination.  Somewha 
longer  columns  of  standard  solutions  were  used  in  the  titration: 
listed  in  Tables  II  and  III,  and  the  reading  errors  are  correspond 
ingly  reduced  to  ±4  and  ±5  parts  per  thousand,  respectively.  ! 


CALIBRATION  OF  BURET 


Since  the  capacity  of  the  graduated  part  of  the  buret  will  b 
approximately  0.05  cu.  mm.,  the  customary  procedure  for  th 
calibration  does  not  appear  practical.  Aside  from  the  necessity 
of  using  a  highly  sensitive  microbalance,  it  is  imperative  to  pre 
vent  evaporation  of  the  water  delivered  by  the  buret.  Thus,  i 
seems  preferable  to  collect  the  delivered  water  in  a  dry  capillar; 
and  to  calculate  its  volume  from  the  linear  measurements  of  th 
column  formed.  With  this  procedure  it  is  not  only  permissibl 
but  even  desirable  to  perform  the  calibration  with  the  standan 
solution  which  is  to  be  dispensed  by  the  buret. 


A  15-cm.  length  of  tubing  of  0.2-mm.  bore  as  used  in  th 
preparation  of  burets  serves  for  a  calibrating  capillary.  It  i 
evenly  cut  1  cm.  from  one  end,  and  the  diameter  of  the  circula 
bore  is  carefully  measured  on  the  freshly  cut  surface,  of  the  shor 
piece  (2).  Uniformity  of  bore  is  required  for  a  distance  of  5  mm 
starting  at  the  freshly  cut  end  of  the  calibrating  capillary,  an. 
it  is  tested  as  described  for  burets.  The  other  end  of  the  capillar; 
is  then  tightly  sealed  into  a  glass  tube,  h  (Figure  3A),  of  4-mm 
bore  and  10-cm.  length  by  means  of  DeKhotinsky  cement. 

The  calibration  is  performed  in  the  moist  chamber,  Figur 
3A,  which  is  opened  to  admit  the  calibrating  capillary  and  th 
buret  on  opposite  sides.  Standard  solutions  and  water  ar 


Table  I. 


Acid-Base  Ratios  Using  lodate, 
Starch  for  Indicator 


Iodide,  and  Solubl 


Micrometer  Scale  Divisions  of  0.2  M 
NaOH  from  H2SO4  from 


Ratio, 
Div.  NaOH 


buret  413 


buret  414 


Div.  H2SO4 


Deviation 
from  Mean 


23.4 

20.8 

22.0 

30.2 

10.9 

10.9 

6.4 

30.0 


19.4 

17.0 

17.2 

24.2 
8.8 
8.6 
5.2 

23.8 


1.21 

1.22 

1.28 

1.25 
1.24 
1.27 
1.23 

1.26 


-0.04 
-0.03 
+  0.03 
0.00 
-0.01 
+  0.02 
-0.02 
+  0.01 


Arithmetical  mean 


1.25 


±0.02 

(  ±15  p.p.th.) 
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ipplied  in  reagent  containers  which  are  attached  by  means  of 
lasticine  to  the  carrier  slide.  When  it  may  be  assumed  that 
ibe  h,  which  is  held  in  the  clamp  of  a  suitable  stand  or  manipu- 
:tor,  has  acquired  room  temperature,  some  standard  solution 
taken  into  the  buret  and  transferred  to  the  calibrating  capillary 
[<  %)•  The  operating  pressure  in  the  buret  is  adjusted  so  as 
lghtly  to  exceed  the  equilibrium  pressure,  and  then  the  tip  of 
ie  buret  is  made  to  touch  the  inside  wall  of  the  calibrating 
ipillary  close  to  its  opening.  Two  menisci  form  in  the  calibrating 
apillary.  One  remains  at  the  opening,  and  the  other  travels 
ward  holder  h.  When  the  two  menisci  are  a  distance  apart, 
hich  is  approximately  equal  to  the  apparent  diameter  of  the 
ore  of  the  tube  (Figure  3B),  the  buret  is  withdrawn.  The  buret 
refilled  from  the  reagent  container,  so  as  to  bring  the  meniscus 
ose  to  the  reference  mark,  and  the  leveling  bulb  is  raised  to 
otain  the  selected  operating  pressure. 

Everything  is  now  ready  for  the  calibration  of  the  buret.  The 
■ference  mark  on  the  shank  is  brought  into  the  microscopic 
jeld,  and  the  distance,  bo,  between  the  meniscus  and  the  mark  is 
measured.  The  buret  is  then  withdrawn  to  the  right,  and  the 
rop  of  liquid  in  the  calibrating  capillary  is  brought  into  the 
“nter  of  the  field.  The  buret  is  now  advanced  so  that  its  tip 
j pears  sharply  focused  close  to  the  opening  of  the  calibrating 
ipillary.  After  the  distance  Co,  Figure  3B,  between  the  two 
enisci  in  the  calibrating  capillary  is  measured,  the  tip  of  the 
tret  is  advanced  and  inserted  into  the  drop  of  standard  solution 
mtained  in  the  calibrating  capillary.  The  meniscus  inside  the 
ilibrating  capillary  starts  to  move.  When  it  arrives  at  a  dis- 
nce  of  three  fourths  of  the  whole  length 
the  micrometer  scale  from  the  fixed  meniscus 
the  opening  of  the  capillary,  the  buret  is 
'ithdrawn.  This  final  distance,  Cj,  Figure 
p,  between  the  menisci  in  the  calibrating 
ipillary  is  measured,  and  the  final  buret 
ading,  bi,  is  taken  without  delay. 

Determination  of  the  linear  displacement 
the  meniscus  in  the  calibrating  capillary 
■emits  calculation  of  the  volume  of  solution 
iivered  by  the  buret  as  the  volume  of  a 
'ht  circular  cylinder  of  the  height  h  = 

—  Co  (Figure  3B).  No  calculations  concerning 
e  curved  surfaces  of  the  menisci 
fired.  (This  is  not 


division  of  the  micrometer  scale  in  terms  of  cubic  millimeters 
of  solution  delivered  by  the  buret  is  given  by 


7.854  X  10- 10  dc2u3 


Cl  —  Co 


b  i 


if  bo,  bh  Co,  Ci,  and  the  diameter  of  the  bore  of  the  calibrating, 
capillary,  dc,  are  measured  in  divisions  of  the  micrometer  scale 
and  u  is  the  value  in  microns  of  one  division  of  this  scale. 

Calibration  of  a  buret  of  0.156-mm.  diameter  bore  with  the  use 
of  three  different  calibrating  capillaries  of  0.120-,  0.124-,  and 
0.133-mm.  bore  gave  the  following  results  expressed  in’  10-* 
cu.  mm.  of  water  delivered  per  division  of  the  micrometer  scale: 
67,  65,  65,  65,  67,  64,  and  64;  on  the  average  65  =*=  1  ( =*=16  parts 
per  thousand). 

The  amount  of  water  left  behind  on  the  wall,  when  the  buret 
is  drained,  was  determined  by  cutting  the  buret  after  calibration 
and  measuring  the  diameter  of  the  bore  near  the  reference  mark. 
The  capacity  of  the  tube  was  calculated,  and  comparison  with 
the  delivered  volume  gave  the  desired  information.  It  was 
found  that  the  volume  of  the  residual  water  was  approximately 
10%  of  the  capacity  of  a  tube  of  0.11-mm.  diameter  bore,  so  that 
only  90%  of  the  contained  liquid  was  delivered.  The  fraction 
of  residual  water  increased  to  12,  13,  20,  24,  and  24%  when  the 
diameter  of  the  bore  was  made  equal  to  0.12,  0.14,  0.16,  0.22,  and 
0.26  mm.,  respectively.  The  rate  of  flow  as  indicated  by  the 
displacement  of  the  meniscus  in  the  burets  varied  from  0.005  to 
0.08  mm.  per  second. 


A  significant  drainage  error  was  not  observed,  in  spite  of  the 
relatively  large  amounts  of  liquid  remaining  behind  on  the  walls 
of  the  capillaries.  Obviously,  the  low  rate  of  drainage  employed 
in  calibration  and  use  of  these  capillary  burets  makes  for  a  suffi¬ 
cient  constancy  of  the  amount  of  residual  liquid.  The  meniscus 
travels  at  a  rate  of  0.005  to  0.08  mm.  per  second.  The  corre¬ 
sponding  figures  for  the  horizontal  buret  of  Hybbinette  of  1-  to 


Table  II.  Acid-Base  Titrations  Using  Same  Buret  for  Both  Solutions 


Ratio, 

ometer  Scale  Divisions  of  0.2  M 

Div.  NaOH 

Deviation 

NaOH 

H2SO4 

Div.  H2SO< 

from  Mean 

24.6 

24.7 

1.00 

0.00 

26.4 

26.6 

0.99 

-0.01 

17.1 

17.2 

0.99 

-0.01 

20.6 

20.4 

1.01 

+  0.01 

Arithmetical  mean 

1.00 

±0.008 

Macrotitration 

1.001 

Table  III. 


Argentometric  Titrations  Using 
Solutions 


Same  Buret  for  Both 


ometer  Scale  Divisions  of  0. 1  M 

Ratio, 

Div.  AgNOa 

Deviation 

NaCl 

AgNC>3 

Div.  NaCl 

from  Mean 

26.6 

26.9 

1.01 

+0.02 

32.8 

32.4 

0.99 

0.00 

22.2 

22.0 

0.99 

0.00 

8.06 

7.82 

0.97 

—  0.02 

60.6 

60.0 

0.99 

0.00 

Arithmetical  mean 

0.99 

±0.008 

Macrotitration 

0.992 

h 

A 

b 

= - '  1 

\ _ 

3 


are  re- 

is  not  quite  correct,  since  the 
irvature  of  the  meniscus  at  the  opening  will 
!  slightly  changed  because  of  the  small  in¬ 
ease  of  pressure  of  the  air  enclosed  in  the 
.ipillary  and  the  holder.)  The  value  of 


£ 
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Figure  3.  Calibration  of  Buret 

A,  B,  C,  schematic,  calibration. ...  D,  use  of  DeKhotinsky  cement  for  sealing  capillary  into  tube 
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2-mm.  bore  in  the  calibrated  portion  and  the  customary  macro¬ 
buret  are  0.3  and  5  mm.  per  second,  respectively  (<?,  11). 

STIRRING  AND  TITRATION  VESSEL 

It  has  been  pointed  out  ( 5)  that  the  design  of  the  titration  ves¬ 
sel  must  be  the  result  of  a  compromise  between  the  conflicting 
requirements  of  manipulation  and  observation  of  end  point. 
Of  the  manipulations  required,  efficient  stirring  presented  the 
greatest  difficulty  on  the  microgram  scale  and,  consequently, 
became  the  factor  determining  the  choice  of  titration  vessel. 

Considering  the  volume  of  the  titrated  solution,  0.05  to  0.5 
cu.  mm.,  stirring  by  a  stream  of  gas  bubbles  appeared  out  of 
question.  A  vibrating  glass  thread  ( 9 )  was  tried  in  various  ways 
while  using  a  capillary  cone  {1,  2)  for  a  titration  vessel,  but  the 
results  were  disappointing.  After  some  experimentation,  a 
method  of  stirring  was  perfected  which  utilizes  the  turbulence 
produced  in  the  drop  of  titrated  solution  when  it  is  moved  back 
and  forth  through  a  capillary  tube. 

The  titration  vessel  proper  is  shown  in  Figure  IB.  It  is 
prepared  from  a  Pyrex  capillary  of  approximately  0.5-mm.  bore, 
0.7-mm.  outer  diameter,  and  20-em.  length.  The  center  portion 
of  the  tube  is  drawn  out  to  a  fine  capillary  of  0.5-  to  2-cm.  length. 
The  fine  capillary  is  cut  at  the  tapers  so  that  the  open  titration 
cones,  tv,  are  obtained.  Each  cone  is  thus  formed  on  a  shank, 
sh,  of  approximately  10-em.  length.  The  cones  proper  are  3  to 
5  mm.  long,  and  their  bore  tapers  from  0.5  mm.  at  the  shank  to 
0.2  mm.  at  the  tip.  The  far  end  of  shank  sh  is  inserted  in  a  pipet 
holder  which  is  connected  to  a  plunger  device  or  a  suitable 
substitute.  It  is  most  convenient  to  have  a  second  manipulator 
available,  but  the  pipet  holder  may  be  mounted  by  means  of  any 
suitable  clamp,  so  that  the  open  titration  cone  is  introduced  into 
the  moist  chamber  opposite  the  buret.  The  meniscus,  hw,_  of 
the  hydraulic  water  is  advanced  to  a  point  2  cm.  from  the  titration 
cone  proper  before  the  solution  to  be  titrated  is  introduced 
through  the  opening  at  the  tip  of  the  cone. 

The  drop  in  the  titration  cone  is  moved  back  and  forth  by 
withdrawing  and  advancing  the  plunger  acting  on  the  hydraulic 
water.  The  displacement  of  the  drop  need  not  be  more  than 
0.5  to  1  mm.  A  local  coloration  produced  by  adding  a  small 
volume  of  strong  dye  solution  is  dispelled  by  3  to  5  to-and-fro 
motions  of  the  drop,  which  then  appears  homogeneously  colored. 

INDICATION  OF  END  POINT 

So  far  no  practical  method  has  been  found  for  giving  the  small 
volume  of  solution,  0.05  to  0.5  cu.  mm.,  the  thickness  of  layer, 
40  mm.,  required  for  observation  of  the  end  point  with  the 
customary  concentration  of  the  usual  indicators  of  acidimetry 
(5).  Without  success  were  tried  in  the  the  titration  cone:  bromo- 
cresol  green,  bromophenol  blue,  mixtures  of  methyl  red  and 
methylene  blue,  and  mixtures  of  methyl  orange  and  indigo  car¬ 
mine,  all  in  concentrations  of  10-6  to  10-4  molar.  Capillaries 
with  solutions  showing  the  acid  color,  the  alkaline  color,  and  the 
middle  tint  of  the  indicator  were  placed  alongside  the  open  titra¬ 
tion  cone  for  the  purpose  of  comparison.  Still,  the  relative 
average  deviation  of  a  single  determination  of  an  acid-base  ratio 
could  not  be  reduced  below  =*=50  parts  per  thousand,  for  the  color 
change  at  the  end  point  appeared  merely  as  a  gradual  transition 
of  hardly  distinguishable  shades  of  gray.  An  average  deviation 
of  =*=25  parts  per  thousand  was  obtained  when  0.5  molar  sodium 
hydroxide  was  saturated  with  methyl  red  and  then  titrated 
with  0.25  molar  sulfuric  acid.  This  last  procedure  was  used  in 
testing  the  functioning  of  the  burets,  but  it  cannot  be  recom¬ 
mended  for  practical  use,  since  the  high  concentration  of  in¬ 
dicator  may  introduce  an  error  of  the  order  of  50  parts  per  thou¬ 
sand. 

It  seemed  more  promising  to  use  a  very  small  amount  of  indi¬ 
cator  in  such  a  manner  that  it  is  concentrated  on  a  small  particle 
suspended  in  the  titrated  solution.  The  color  change  would  then 
take  place  on  the  particle  and  could  easily  be  observed  with  the 
aid  of  a  microscope.  After  some  preliminary  experiments  it  was 
decided  to  try  silk  dyed  with  methyl  red.  A  thread  consisting 
of  a  number  of  fibers  was  placed  between  two  pieces  of  cork,  and 


thin  sections  were  cut  with  a  razor.  Several  short  pieces  | 
individual  fibers  were  removed  from  the  cork  and  transferp 
into  the  solution  to  be  titrated.  Five  series  of  determinatio 
of  acid-base  ratio  were  carried  out  with  the  use  of  0.5  mol 
sodium  hydroxide  and  0.25  molar  sulfuric  acid.  The  reprodu'  ■ 
bility  varied  from  10  to  100  parts  per  thousand,  and  investigati 
showed  that  the  performance  of  such  dyed  particles  during  aeti  < 
titrations  may  fall  short  of  expectation  for  various  reasons: 

(1)  Bleaching.  Silk  gives  off  methyl  red  in  alkaline  solutioi  i 
Local  alkalinity  occurring  in  the  region  of  the  fiber  causes  c 
traction  of  the  dye,  and  the  original  intensity  of  the  red  color 
the  fiber  is  not  restored  on  stirring.  (2)  Delayed  Action.  Wht 
silk  fibers  dyed  with  methyl  red  were  placed  in  a  solution 
pH  8,  the  color  change  from  red  to  yellow  took  place  after  1 
2  minutes,  and  the  required  time  varied  from  fiber  to  fibi 
(3)  Change  of  pH  Range.  Silk  fibers  dyed  with  methyl  r 
were  immersed  in  buffer  solutions.  They  appeared  red  at  pH 
orange  at  pH  7,  and  yellow  at  pH  8.  Wool  and  hair  dyed  wi 
the  same  indicator  remained  red  in  0.5  molar  sodium  hydroxic 

The  indicator  system  iodide-iodate-starch  ( 6 )  seemed  prom 
ing  for  the  titration  of  base  with  acid  because  of  the  high  i 
tensity  of  the  blue  coloration  produced  by  the  adsorption  of  t 
iodide  on  starch.  Grains  of  starch  were  used  in  the  first  ser 
of  experiments.  One  to  three  granules  of  starch  were  added 
the  0.5  molar  sodium  hydroxide  which  had  been  previoui 
treated  with  iodide  and  iodate.  During  the  titration  with  a< 
the  starch  grains  gradually  turned  blue.  The  edges  became  c  1 
ored  first,  obviously  because  of  the  local  occurrence  of  tempors 
acidity,  and  finally  the  whole  grains  turned  blue.  The  relati  j 
average  deviation  of  two  series  of  titrations  was  as  poor  as  =*=  i 
parts  per  thousand.  Satisfactory  reproducibility  was  obtain* . 
however,  with  the  use  of  “soluble”  starch. 

An  adsorption  indicator  was  tried  in  the  titration  of  chlori 
with  silver  nitrate.  Dichlorofluorescein  was  used,  and  the  co 
change  was  observed  on  the  particles  of  precipitate.  Presence 
dextrin  improved  the  sharpness  of  the  end  point.  The  cloggi 
of  the  burets  by  the  precipitate  was  overcome  by  adding  a  d 
persing  agent. 

Electrometric  indication  of  the  end  point  appears  very  | 
tractive  in  view  of  the  difficulties  encountered  in  the  obser 
tion  of  color.  The  problem  has  been  approached  in  various  wa 
and  a  satisfactory  solution  may  be  presented  in  a  paper  to  folic 

TITRATIONS 

The  manipulations  required  in  titrations  are  similar  to  th< 
described  in  connection  with  the  calibration  of  burets.  The 
quired  solutions  are  held  ready  inside  the  moist  chamber.  1 
opening  of  the  titration  cone  and  the  tip  of  the  buret  are  made 
face  one  another  in  the  field  of  vision,  and  contact  of  the  bu 
tip  with  the  drop  of  titrated  solution  is  made  and  broken  by  m< 
ing  the  buret,  the  cone,  or  the  drop  in  the  cone.  It  is  essent 
that  the  standard  solutions  be  absolutely  clear.  The  bure 
when  not  in  use,  are  best  kept  immersed  in  standard  solution,  p: 
of  which  is  transferred  to  this  end  to  small  vials  with  cork  stopp 
having  holes  to  fit  the  shanks  of  the  burets.  Before  use,  1 
burets  are  rinsed  twice  with  standard  solution  from  the  reag( 
container  in  the  moist  cell. 

Acid-Base  Titration.  Five  milliliters  of  approximately  l 
molar  sodium  hydroxide  was  treated  with  2  drops  of  0.1  mo 
potassium  iodide,  2  drops  of  0.1  molar  potassium  iodate,  and 
drops  of  a  1%  solution  of  soluble  starch.  This  solution  v 
titrated  with  approximately  0.25  molar  sulfuric  acid.  The 
suits  of  a  typical  series  of  titrations  are  compiled  in  Table 
The  amounts  of  acid  and  base  are  given  in  divisions  of  the  micro 
eter  scale,  and,  consequently,  the  listed  ratios  are  functions 
the  bore  of  the  burets  used.  Not  more  than  one  third  of  t 
capacity  of  the  burets  was  utilized  in  these  titrations.  The  resu 
of  Table  II  were  obtained  by  using  one  buret  for  both  stands 
solutions.  Again  the  volumes  were  read  as  divisions  of  h 
micrometer  scale,  but  since  the  bore  of  the  buret  remair 
constant,  the  base-acid  ratio  determined  in  the  usual  way  w 
50-ml.  burets  could  be  closely  reproduced. 

Argentometric  Titration.  To  25  ml.  of  0.1  molar  sodii 
chloride  solution  were  added  0.5  ml.  of  a  2%  solution  of  t 
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tdium  salt  of  dichlorofluorescein,  2.5  ml.  of  a  2%  solution  of 
xtrin,  and  0.2  ml.  of  1%  aqueous  solution  of  Triton  N.E. 
(ohm  &  Haas  Co.,  Philadelphia,  Pa.).  This  was  titrated  with 
.iproxirnately  0.1  molar  silver  nitrate.  The  end  point  was  recog- 
:aed  by  observing  the  color  of  the  particles  of  silver  chloride  by 
jeans  of  darkfield  illumination  furnished  by  Epi-condenser  W 
i  Zeiss.  The  results  of  a  series  of  determinations  of  the  ratio 
illume  silver  nitrate  over  volume  sodium  chloride  are  listed  in 
'ible  III.  Both  solutions  were  added  from  the  same  buret, 
sd  the  volumes  are  given  in  divisions  of  the  micrometer  scale, 
he  ratio  determined  on  the  macro  scale  with  the  customary 
ppcock  burets  could  be  closely  reproduced  on  the  microgram 
de. 
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Testing  with  Manometric  Apparatus 

AL  STEYERMARK,  Hoffmann-La  Roche,  Inc.,  Nutley,  N.  J. 


Deterioration  of  pharmaceutical  prepa¬ 
rations  in  sealed  ampoules,  when 
accompanied  by  evolution  of  carbon 
dioxide,  can  be  determined  by  use  of 
the  Van  Slyke  manometric  blood  gas 
apparatus.  A  specially  constructed 
flask  is  used  and  the  method  is  similar 
to  that  of  Van  Slyke  and  Folch  for 
determination  of  carbon. 


|  HARMACEUTICALS,  packaged  in  the  form  of  ampoules 
I  for  parenteral  injection,  must  be  subjected  to  rigid  laboratory 
Its  for  the  purpose  of  control,  both  when  freshly  prepared  and 
ler  a  period  of  time.  When  deterioration  of  a  product  occurs, 
aging,  it  is  often  accompanied  by  the  formation  of  a  precipitate 
a  change  in  color,  either  of  which  is  detected  by  inspection, 
iwever,  in  some  cases  there  is  no  difference  in  appearance,  since 
)  decomposition  is  accompanied  by  no  change  in  color  and  its 
bducts  are  either  in  solution  or  in  the  gaseous  phase.  Conse- 
Rntly,  inspection  shows  nothing  and  the  ampoules  must  be 
lined  and  tested.  On  opening,  any  gas  is  lost  and  in  ampoules 
“Raining  such  small  quantities  as  1  mg.  of  active  ingredient, 
jreased  pressure  due  to  decomposition  would  not  be  noticed, 
(is  paper  presents  a  method  for  determining  the  amount  of 
‘bon  dioxide  formed  in  the  above  manner.  Use  is  made  of  the 
in  Slyke  manometric  blood  gas  apparatus,  the  method  being 
tular  to  that  described  by  Van  Slyke  and  Folch  (6)  for  the 
termination  of  carbon.  The  reader  should  be  thoroughly  ac- 
I  fin  ted  with  the  above-mentioned  paper  before  attempting  the 
'rk  described  here.  Although  determinations  of  other  gases  in 
" led  ampoules  have  not  been  attempted,  it  is  believed  that  these 
uld  be  accomplished  by  modifying  the  methods  of  Van  Slyke 
6,  7,  8)  to  include  use  of  the  flask  described  below. 

APPARATUS 

t  specially  constructed  flask  replaces  the  combustion  tube 
id  by  Van  Slyke  and  Folch,  since  the  carbon  dioxide  is  already 
•  sent  and  does  not  need  generation.  Figure  1  shows  the  flask 
'  *i®,relation  to  the  rest  of  the  system.  It  consists  of  a  100-ml. 
<  nd-bottomed  flask  (a,  Figure  2)  having  a  ground  joint  to  which 
8  ttached  a  distilling  tube,  b,  that  is  bent  so  that  it  may  be  con- 


Figure  1.  Gas  Formation  Determination  in  Ampoules 
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Table  I.  Amounts  of  Carbon  Dioxide  Presented  with  5-Mi. 
Ampoules  of  a  Pharmaceutical  Product 

Satisfactory  Unsatisfactory 


Temp. 

Factors® 

Blank  Values, 
c,  at 

2.000  Ml. 

Ampoules 
-Pco2  at 

2.000  Ml.  C02 

Ampoules 
PCOa  at 

2.000  Ml.  CO2 

°  C. 

Mm. 

M  m. 

Mg. 

Mm. 

Mg. 

26.5 

0.001363 

70 

0 

0.00 

0  007 

26.5 

0.001363 

70 

5' 

27 

0.001360 

61 

0 

o!oo 

26.5 

0.001363 

70 

71.5 

0 ' 36 

27 

0.001360 

61 

65 

0.32 

28 

0.001354 

61 

63 

0.31 

27.5 

0.001357 

61 

64.5 

0.32 

28 

0.001354 

61 

51 

0.25 

28 

0.001354 

61 

45 

0.22 

27 

0.001360 

61 

0 

o!oo 

a  Obtained  from  Table  I,  page  529,  6. 


nected  onto  the  Van  Slyke-Folch  extraction  chamber,  c.  At¬ 
tached  to  the  side  of  the  flask  is  a  compartment,  d,  for  holding  the 
ampoule,  which  varies  with  the  size  of  the  article  to  be  tested, 
different  flasks  being  required  for  each  size  of  ampoule.  This 
compartment  is  similar  in  shape  to  an  inverted  ampoule  having  a 
very  thick-walled  neck,  e.  To  the  upper  half  of  the  compartment 
is  attached  a  heavy  glass  rod  plunger,  /,  which  passes  through  the 
ground  joint,  g,  and  rubber  tubing,  h,  which  permits  motion. 

PROCEDURE 

To  ensure  the  proper  pH  for  complete  extraction  of  carbon  di¬ 
oxide,  several  milliliters  of  dilute  hydrochloric  acid  are  added  to 
the  flask,  except  where  addition  of  acid  causes  decomposition  of 
the  substance  in  the  ampoule  with  evolution  of  carbon  dioxide. 
The  exact  quantity  of  acid  added  will  depend  upon  the  pH  of  the 
material  under  test.  The  tip  of  the  ampoule  is  scratched  with  a 
file,  care  being  taken  not  to  produce  a  crack  through  which  gas 
might  escape.  The  ampoule  is  then  placed  in  the  compartment, 
neck  down,  the  plunger  is  attached,  and  the  flask  is  connected  to 


the  extraction  chamber  as  shown  in  Figure  1.  The  entire  syi 
tem  is  evacuated  and  the  air  removed  from  it  in  the  usual  manne 
The  alkaline  hydrazine  solution  (prepared  according  to  the  direi 
tions  of  the  above  authors)  is  added  to  the  extraction  chambe 
and  the  ampoule  is  broken  by  depression  of  the  plunger.  Wit 
the  system  under  reduced  pressure,  the  contents  are  sucked  froi 
the  ampoule  into  the  bottom  of  the  flask  and  mixed  with  tl 
hydrochloric  acid,  if  used.  The  carbon  dioxide  is  then  absorbe 
by  25  excursions,  after  which  its  pressure  is  measured  in  the  wa 
described  by  Van  Slyke  and  Folch.  The  blank  values  are  ol 
tained  by  repeating  the  procedure  without  having  an  ampou 
present. 

Table  I  gives  the  data  obtained  with  satisfactory  and  unsati; 
factory  ampoules  of  the  same  pharmaceutical  product,  the  lattt 
showing  evidence  of  deterioration  of  the  type  resulting  in  evoh 
tion  of  carbon  dioxide. 
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Microdetermination  of  Water 

GABOR  B.  LEVY,  JUSTIN  J.  MURTAUGH,  and  MAURICE  ROSENBLATT 
Schenley  Research  Institute,  Inc.,  Lawrenceburg,  Ind. 


he  volumetric  moisture  determination  of  water  by  use  of  the  Karl 
ischer  reagent  was  adapted  to  the  micro  scale.  Satisfactory  pre- 
sion  was  obtained  by  the  use  of  a  small  closed  titration  assembly, 
he  method  was  tested  on  a  number  of  materials  and  data  are  pre- 
:nted  showing  that  1  to  25  mg.  of  water  can  be  determined  with 
precision  of  ±20  to  100  micrograms.  The  method  was  applied 
i  the  determination  of  moisture  in  penicillin  sodium  salt  with 
sultant  increase  in  precision  and  greater  economy  of  time  and  labor. 


rHE  determination  of  water  in  penicillin  salt  encounters  a 
number  of  difficulties  and  problems.  Penicillin  sodium  salt 
heat-labile  hygroscopic  material  containing  about  0.5  to  1.5% 
ater  when  properly  prepared.  Because  of  the  high  concentra- 
on  of  valuable  penicillin  in  the  finished  salt,  it  is  desirable,  if  not 
icessary,  to  use  as  small  a  sample  as  possible  for  this  determina- 
on.  A  convenient  unit  is  the  amount  of  material  contained  in 
le  ampoule,  which  generally  lies  in  the  neighborhood  of  200  mg. 
l  order  to  determine  the  moisture  of  a  sample  of  this  size  with  a 
-ecision  of  2  to  5%,  a  method  yielding  a  precision  of  50  to  100 
icrograms  of  water  is  required.  There  are  a  number  of  liquids 
id  solids  containing  relatively  small  amounts  of  moisture  which 
•esent  similar  difficulties  in  attempting  to  determine  the  water 
intent. 

The  method  currently  employed  by  the  penicillin  industry  in- 
ilves  a  phosphorus  pentoxide-vacuum  desiccation  of  the  mate- 
il  over  a  period  ranging  from  6  to  9  days,  including  at  least  four 
eighings  on  the  microbalance.  Furthermore,  the  hygrosco- 
city  of  the  salt  causes  considerable  difficulty  in  transfer.  Two 
the  greatest  objections  to  this  method  are  the  time  involved 
id  the  large  scatter  of  results  from  replicate  determinations. 

It  appeared  that  a  method  based  on  the  use  of  the  Karl  Fischer 
agent  (4)  would  lend  itself  to  the  determination  of  water  in 
cnicillin  salt.  A  review  of  the  literature  indicated  that  the  re¬ 
sent  was  specific  for  water  (4,  12),  except  for  certain  metal 
ides  and  carbonyl  compounds  (3, 8, 12) ,  and  has  been  extensively 
iplied  to  the  determination  of  water  in  materials  miscible  with 
e  reagent  ( 6 ,  9,  10,  11,  13,  14,  16).  Preliminary  tests  with  peni- 
llin  salt  (consisting  also  of  the  sodium  salts  of  other  unknown 
ganic  acids)  indicated  that  the  material  was  soluble  in  the  Karl 
scher  reagent. 

However,  the  sample  sizes  used  in  the  reported  literature  were 
variably  on  a  macro  scale.  Within  the  last  few  years,  a  number 
improvements  in  the  method,  involving  the  back- titration 
chnique  (1)  and  the  application  of  the  dead  stop  method  of 
>ulk  and  Bowden  (5)  using  a  polarized  pair  of  platinum  elec- 
ides  in  conjunction  with  electrometric  apparatus  (7,  15),  re- 
lted  in  a  precision  which  was  potentially  of  the  order  of  magni- 
de  desired  (several  micrograms) . 

[A.  simple  reduction  in  sample  size,  while  maintaining  existing 
hniques,  resulted  in  very  poor  precision  due  to  the  fact  that 
:  presence  or  entrance  of  moisture,  which  is  negligible  on  macro 
fde,  was  generally  of  the  same  order  of  magnitude  as  the 
Disture  in  the  sample.  A  refinement  in  the  method  and  tech- 
Mue  was  necessary  in  order  to  adapt  the  method  to  a  micro 
de. 

APPARATUS 

Figure  1  shows  a  detailed  photograph  of  the  titration  assembly, 
tugned  for  the  purpose  of  reducing  the  entrance  of  moisture  to 
®  h  an  extent  that  its  effect  is  negligible. 


The  titration  vessel  consists  of  a  16-mm.  diameter  Pyrex  test 
tube  cut  to  about  50-mm.  length  in  order  to  reduce  the  surface  and 
air  space.  Two  26-gage  platinum  wires,  serving  as  electrodes,  are 
fused  through  the  bottom  of  the  vessel.  A  tightly  fitting  serum- 
bottle  sleeved  rubber  stopper  is  fitted  into  the  top  of  the  vessel 
and  rolled  over  the  outside.  The  end  of  a  Schilling-type  micro¬ 
buret  is  fitted  with  a  22-gage  hypodermic  syringe  needle,  the  end 
of  which  is  forced  through  the  rubber  stopper  into  the  titration 
vessel.  The  hypodermic  needle  shown  at  an  angle  is  a  27-gage 
needle  which  acts  as  a  valve  during  titration  and  equalizes  the 
pressure  in  the  titration  vessel.  The  platinum  electrodes  are 
connected  with  an  electrometric  apparatus  by  means  of  the  clamps 
shown. 

The  electrometric  apparatus  used  is  that  described  by  McKin¬ 
ney  and  Hall  (7),  except  for  a  slight  modification.  The  resistor, 
R~ 2,  indicated  in  their  diagram,  was  changed  to  a  4000-ohm  vari¬ 
able  resistance.  A  similar  unit,  now  available  commercially,  has 
been  tested  with  this  method  and  found  satisfactory.  (Serfass 
control  unit,  Catalog  No.  4937-F,  Arthur  H.  Thomas  Co.,  Phila¬ 
delphia,  Pa.) 

The  air  supply  to  the  burets  must  be  thoroughly  dried  before 
entering  the  system  and  the  latter  closed  entirely  from  the  at¬ 
mosphere  when  not  in  use.  Thereby,  the  concentration  of  the 
solutions  can  be  maintained  within  1  %  for  at  least  10  days. 

REAGENTS 

Karl  Fischer  Reagent.  This  reagent  should  be  prepared  in 
large  batches  and  used  only  after  storage  of  several  weeks.  •  Its 
composition  is  the  same  as  that  used  by  Smith,  Bryant,  and 
Mitchell  (13). 

Back-Titrating  Solution.  This  solution  is  prepared  by  add¬ 
ing  2  to  5  grams  of  distilled  water  to  1  liter  of  anhydrous  metha¬ 
nol.  Synthetic  methanol,  anhydrous,  available  commercially, 
is  satisfactory  for  this  purpose. 

Standard  Water  Solution.  An  ethanol  solution  of  approxi¬ 
mately  92  to  95%  ethanol  is  prepared  and  the  water  content  is 
accurately  determined  by  density. 

STANDARDIZATION  AND  CALCULATION 

The  back-titrating  solution  is  standardized  against  the  Karl 
Fischer  reagent  and  the  volume  ratio  determined.  The  water 
equivalent  of  the  Karl  Fischer  reagent  is  determined  by  titrating 
against  the  standard  water  solution  as  outlined  under  “Procedure” 
below. 

The  per  cent  moisture  of  a  sample  is  calculated  from  the  data  as 
follows: 

Per  cent  moisture  =  ^Vl  ~  V2  *  ^  X  c  X  100 

w 

where  tij  =  volume  of  Karl  Fischer  reagent  used 
V2  —  volume  of  back-titrating  solution  used 
f  =  volume  ratio  of  Karl  Fischer  reagent  to  back-titrat¬ 
ing  solution  found  in  standardization 
w  =  weight  of  sample 

e  =  water  equivalent  of  Karl  Fischer  reagent 
ws  X  c 
v(  ~  v'J 

where  ws  =  weight  of  standard  water  solution 

c '  =  per  cent  water  by  weight  in  standard  water  solution 
v[  =  volume  of  Karl  Fischer  reagent  used 
v'2  =  volume  of  back-titrating  solution  used 

PROCEDURE 

The  titration  vessels  and  rubber  stoppers  are  dried  in  a  forced 
draft  oven  at  105°  C.  and  stored  over  phosphorus  pentoxide  until 
ready  for  use.  Solid  samples  are  weighed  on  a  balance,  transferred 
rapidly  to  the  titration  vessel,  and  stoppered  immediately. 
Liquid  samples  are  introduced  into  the  sealed  vessel  by  means  of 
a  hypodermic  syringe  and  the  weight  is  determined.  An  equal¬ 
izing  valve  needle  is  inserted  into  the  rubber  diaphragm.  The 
Karl  Fischer  reagent  is  then  added  by  means  of  the  hypodermic 
needle  attached  to  the  buret  until  discoloration  of  the  reagent 
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Table  I.  Determination  of  Moisture  in  Ethanol  Standard 


(By  density:  7.65  ±  0.05%) 


Sample  Weight 

Water  Found 

Mg. 

Mg. 

% 

312.7 

23.98 

7.67 

238.5 

18.27 

7.66 

296.3 

22.67 

7.65 

305.7 

23.40 

7.65 

306.1 

23.40 

7.64 

298.8 

22.83 

7.64 

326.3 

24.74 

7.58 

267.3 

20.49 

7.67 

299.2 

22.79 

7.62 

279.3 

21.33 

7.64 

Av.  (x) 

7.64s 

Standard  deviation  (it) 

0.027 

ceases,  and  an  excess  (5  to  10%)  is  added.  The  needles  are  with¬ 
drawn  and  the  vessel  is  shaken  until  solids  are  dissolved.  Both 
the  needle  attached  to  the  methanol  buret  and  the  equalizing 
needle  are  inserted  into  the  vessel  and  the  electrodes  are  attached 
to  the  electrometric  apparatus.  The  aqueous  methanol  solution 
is  added  with  gentle  agitation  until  solution  begins  to  decolorize. 
Owing  to  the  elastic  junction  between  the  hypodermic  needle 
and  the  rubber  stopper,  an  effective  agitation  is  accomplished  by 
gentle  tapping  of  the  titration  vessel.  Addition  is  continued  drop- 
wise  until  the  electric  eye  indicator  closes. 

The  container  for  the  finished  penicillin  salt  consists  of  a  25- 
ml.  bottle  capped  with  a  rubber  stopper  and  therefore  can  be 
used  directly  without  transfer  of  material.  Figure  2  shows  a 
detailed  photograph  of  the  assembly.  The  Karl  Fischer  reagent 
is  added  as  described  above,  the  needles  are  withdrawn,  and  the 
vessel  is  shaken  until  solids  are  dissolved.  Two  23-gage  hypoder¬ 
mic  syringe  needles  are  inserted  through  the  stopper  and  two 
lengths  (approximately  7.5  cm.,  3  inches,  each)  of  30-gage  plati¬ 
num  wire  are  passed  through  the  needles.  The  needles  are  then 
withdrawn,  leaving  the  platinum  wires  inserted  in  the  penicillin 
bottle.  The  equalizing  needle  valve  is  inserted  into  the  stopper, 
the  needle  of  the  buret  containing  the  back-titrating  solution  in¬ 
serted  into  the  bottle,  and  the  electrode  connected  to  the  electro¬ 
metric  apparatus  by  means  of  the  clamps. 

DISCUSSION  OF  RESULTS 

The  results  are  expressed  as  per  cent  by  weight  of  water  found 
in  the  sample  and  the  dispersions  of  the  values  are  also  expressed 
as  per  cent  of  the  mean  value.  In  order  to  avoid  confusion  in  the 
following  discussion,  %, 
unmodified,  indicates 
per  cent  by  weight  of 
moisture,  and  %  (of  the 
mean)  indicates  the  pre¬ 
cision  of  the  mean  ex¬ 
pressed  as  per  cent. 

The  precision  of  any 
group  of  data  was  cal¬ 
culated  as  a  plus  or 
minus  range  expressed 
as  per  cent  (of  the 
mean).  This  range  was 
determined  by  a  proce¬ 
dure  described  in  the 
A.S.T.M.  manual  on 
presentation  of  data  (2). 

In  this  case,  dealing  with 
several  observations  on 
a  single  sample,  the  limit 
±01  wasapplied  for 
Ps  =  0.99. 

The  assumptions  un¬ 
derlying  the  application 
of  the  A.S.T.M.  proce¬ 
dure  can  be  considered 
valid  for  the  groups  of 
data  consisting  of  10 
samples  each.  However, 


in  the  case  of  those  groups  which  consist  of  4  samples  each 
(Table  IV),  the  assumptions  must  be  applied  with  caution.  In 
these  cases,  the  precision  calculations  were  used  for  comparison 
purposes  only. 

A  redistilled  sample  of  ethanol,  diluted  with  water  to  about 
92%  ethanol,  was  analyzed  by  density  determination  using  a 
Bureau  of  Standards  hydrometer  and  found  to  contain  7.65  ± 
0.05%  water.  Ten  replicate  determinations  of  water  by  the  mi¬ 
crotitration  method  are  tabulated  in  Table  I.  The  precision  of 
the  mean  of  the  water  content  in  the  ethanol  standard  is  in  the 
neighborhood  of  ±0.4%  (of  the  mean) . 

Three  liquids  were  chosen  at  random  in  the  laboratory  and  the 
water  content  was  determined  by  means  of  the  microtitration 
method.  The  water  content  of  these  liquids  is  usually  deter¬ 
mined  with  great  difficulty.  The  results  are  presented  in  Table 
II.  The  precision  of  the  means  in  these  three  cases  are  0.7%  (of 
the  mean),  1.5%  (of  the  mean),  and  1.2%  (of  the  mean),  re¬ 
spectively. 

In  order  to  check  the  method  for  solids,  three  materials  were 
chosen  at  random  from  the  laboratory  and  the  data  presented  in 
Table  III.  In  these  cases,  the  precisions  were  0.2%  (of  the 
mean),  0.4%  (of  the  mean),  and  0.4%  (  of  the  mean),  respec¬ 
tively. 

Three  lots  of  penicillin  sodium  salt  were  selected  from  produc¬ 
tion  and  four  bottles  from  each  lot  analyzed  by  the  microtitra¬ 
tion  method.  Simultaneously,  four  additional  bottles  from  one  of 
the  lots  (No.  66)  were  analyzed  for  water  by  the  standard  phos¬ 
phorus  pentoxide  desiccation  method.  The  results  are  presented 
in  Table  IV. 

The  precisions  by  the  titration  method  were  5.3%  (of  the 
mean),  3.2%  (of  the  mean),  and  2.8%  (of  the  mean)  with  an  av¬ 
erage  of  about  3.8%.  The  precision  by  the  vacuum  drying 
method  was  in  the  neighborhood  of  14.8%  (of  the  mean)  or  about 
one  fourth  of  that  by  the  titration  method. 

The  mean  value  of  the  moisture  content  by  the  vacuum  drying 
method  is  significantly  greater  than  the  mean  by  the  Karl 
Fischer  titration  method.  In  general,  the  vacuum  drying  method 
will  give  a  higher  value  of  the  moisture  content,  since  the  trans¬ 
fer  of  the  salt  from  the  container  to  the  weighing  bottle  will  in¬ 
variably  result  in  absorption  of  moisture  from  the  air  by  the 
penicillin  salt  which  is  highly  hygroscopic.  This  source  of  error  is 
entirely  eliminated  in  the  procedure  recommended  here,  since  no 
transfer  is  involved.  For  the  same  reason,  the  dispersion  of  the 
results  obtained  by  the  vacuum  drying  method  will  be  greater 


Figure  2.  Penicillin  Bottle  Used  as  Titrating  Vessel 


Figure  1.  Titrating  Vessel 
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Table  II.  Determination  of  Moisture  in  Liquids 


ment  of  the  method  was  achieved  which  led  to  a  degree  of  accu¬ 
racy  suitable  for  most  purposes. 


Compound 

Sample  Weight 

Water  Found 

Mg. 

Mg. 

% 

2,3-Butylene  diacetate 

272.1 

5.92 

2.18 

276.4 

6.02 

2.18 

290.5 

6.35 

2.19 

264.2 

5.73 

2.17 

260.6 

5.63 

2.16 

307.2 

6.68 

2.17 

232.3 

4.97 

2.14 

288.5 

6.22 

2.16 

273.9 

5.96 

2.17 

302.8 

6.55_ 

2.16 

Av.  ( x ) 

2 . 16s 

Standard  deviation  (<r) 

0.014 

Tetramethvldioxane 

278.5 

2.17 

0.78 

231.6 

1.84 

0.80 

213.6 

1.67 

0.78 

238.2 

1.84 

0.77 

241.3 

1.88 

0.78 

242.0 

1.94 

0.80 

260.0 

2.04 

0.78 

240.5 

1.88 

0.78 

230.3 

1.84 

0.80 

258.2 

2.04_ 

0.79 

Av.  (x) 

0.78, 

Standard  deviation  (o-) 

0.011 

Acetic  acid  (glacial) 

239.0 

1.61 

0.67 

283.0 

1.88 

0.66 

273.4 

1.84 

0.67 

283.6 

1.88 

0.66 

257.4 

1.68 

0.65 

279.5 

1.88 

0.67 

259.5 

1.74 

0.67 

249.0 

1.68 

0.67 

265.6 

1.74 

0.66 

277.6 

1.84 

0.66 

Av.  (i)- 

0 . 664 

Standard  deviation  (a) 

0.007 

than  that  obtained  by  the  titration  method,  since  the  amount  of 
moisture  picked  up  from  the  air  is  variable  and  dependent  upon 
the  technique. 


CONCLUSIONS 

The  necessity  of  determining  moisture  content  of  penicillin 
salt  led  to  the  development  of  a  chemical  micromethod  for  mois¬ 
ture  determination  utilizing  the  Karl  Fischer  reagent.  A  refine- 


Table  III.  Determination  of  Moisture  in  Solids 


Compound 

Sample  Weight 

Water  Found 

Mg. 

Mg. 

% 

Phloroglucinol 

154.7 

33.50 

21.65 

197.5 

42.88 

21.71 

230.1 

49.92 

21.69 

78.9 

17.12 

21.70 

99.1 

21.47 

21.66 

109.7 

23.88 

21.77 

153.8 

33.17 

21.64 

131.6 

28.61 

21.74 

108.5 

23.58 

21.73 

98.7 

21.47 

21.75 

Av.  (x) 

21.70, 

Standard  deviation  (<r) 

0.044 

Trypsin 

66.1 

5.36 

8.11 

76.0 

6.11 

8.05 

45.7 

3.70 

8.10 

62.4 

5.04 

8.07 

51.3 

4.15 

8.09 

59.3 

4.81 

8.11 

58.9 

4.74 

8.05 

25.1 

2.03 

8.09 

60.0 

4.84 

8.07 

59.5 

4.84 

8.13 

Av.  (x) 

8.O87 

Standard  deviation  (<r) 

0.027 

Citric  acid 

114.2 

5.82 

5.10 

63.7 

3.24 

5.09 

111.5 

5.72 

5.13 

106.1 

5.43 

5.12 

84.2 

4.32 

5.13 

147.1 

7.52 

5.11 

105.6 

5.36 

5.08 

111.0 

5.66 

5.10 

106.4 

5.43 

5.10 

110.2 

5.66 

5.13 

Av.  (x) 

5.10, 

Standard  deviation  (a) 

0.018 

It  was  demonstrated  that  a  precision  corresponding  to  a  level 
of  20  to  100  micrograms  can  consistently  be  obtained  and  thus  a 
sample  containing  2  to  10  mg.  of  moisture  can  be  analyzed  with  a 
precision  similar  to  usual  analytical  chemical  methods.  Most 
liquids  or  solids  soluble  in  the  reagent  can  be  analyzed  by  this 
technique  and  the  method  was  proved  satisfactory  for  a  variety 
of  compounds  and  preparations  including  aliphatic,  aromatic,  and 
heterocyclic  organic  compounds,  enzyme  preparations,  etc. 

With  respect  to  the  moisture  determination  of  the  industrial 
product  penicillin  sodium  salt,  a  great  increase  in  precision  and 
saving  in  labor  and  time  were  obtained. 

It  is  possible  that  the  technique  described  herein  can  be  adapted 
to  other  volumetric  determinations  on  a  micro  scale. 
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Table  IV.  Determination  of  Moisture  in  Penicillin  Sodium  Salt 


Lot  No. 


J43 


66 


126 


66 


Sample  Weight  Water  Found 

Mg.  Mg.  % 

A.  Titration  with  Karl  Fischer  Reagent 


466 

6.08 

1.30 

466 

6.21 

1.33 

466 

.  6.21 

1.33 

466 

6.31 

1.35 

Av.  (x) 

1.32, 

Standard  deviation  (<r) 

0.021 

227 

3.57 

1.57 

227 

3.53 

1.56 

227 

3.57 

1.57 

227 

3.60 

1.59 

Av.  (x) 

1.57, 

Standard  deviation  (<r) 

0.C13 

484 

2.52 

0.52 

484 

2.56 

0.53 

484 

2.52 

0.52 

484 

2.52 

0.52 

Av.  (x) 

0 . 52j 

Standard  deviation  (<r) 

0.005 

Vacuum  Drying  over  PjOs 

227 

4.02 

1.77 

227 

3.64 

1.60 

227 

3.91 

1.72 

227 

3.95 

1.74 

Av.  (x) 

1.70, 

Standard  deviation  ( a ) 

0.07, 
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NOTES  ON  ANALYTICAL  PROCEDURES 


Metallo-Organic  Complexes  in 
Organic  Analysis 
Some  Qualitative  Tests  for  Amines 

FREDERICK  R.  DUKE,  Princeton  University,  Princeton,  N.  J. 


SALICYLALDEHYDE  in  ammonia  or  primary  amine  solution 
precipitates  nickel,  the  precipitant  being  the  imine  {2). 
The  reaction  of  5-nitrosalicylaldehyde  is  similar  to  that  of  salicyl- 
aldehyde,  except  that  ammonia  solutions  produce  a  precipitate 
only  after  a  number  of  hours,  the  exact  time  depending  upon  the 
ammonia  concentration.  However,  a  solution  of  5-nitrosalicyl¬ 
aldehyde  and  nickel  ion,  when  added  to  a  primary  amine,  pro¬ 
duces  a  immediate  precipitation.  This  is  the  basis  for  the 
qualitative  test  for  primary  amines. 

Secondary  amines,  when  allowed  to  react  with  carbon  disulfide, 
produce  dialkyldithiocarbamates  (1).  When  the  reaction  is 
allowed  to  proceed  in  the  presence  of  nickel  ion,  a  precipitate  of 
the  carbamate  with  nickel  is  formed.  Primary  amines  fail  to 
produce  a  similar  precipitation  under  the  conditions  of  the  test. 

Primary  Amines.  Reagent.  To  15  ml.  of  triethanolamine  are 
added  0.5  gram  of  5-nitrosalicylaldehyde  (m.p.  124-5°  C.),  and 
about  25  ml.  of  water,  and  the  aldehyde  is  brought  into  solution. 
Then  0.5  gram  of  nickel  chloride  hexahydrate  dissolved  in  a  few 
milliliters  of  water  is  added,  and  the  total  volume  is  brought  to 
100  ml.  The  reagent,  now  ready  for  use,  is  stable  for  long 
periods  of  time.  If  the  triethanolamine  contains  some  ethanol- 
amine,  it  may  be  necessary  to  add  another  0.5  gram  of  the  alde¬ 
hyde  and  filter  off  the  resulting  precipitate. 

Procedure.  To  5  ml.  of  water  are  added  1  or  2  drops  of  the 
amine  to  be  tested.  If  necessary  a  drop  or  two  of  concentrated 
hydrochloric  acid  may  be  added  to  dissolve  the  amine.  When 
0.5  to  1  ml.  of  the  amine  solution  is  added  to  2  to  3  ml.  of  the 
reagent  in  a  test  tube,  an  almost  immediate  precipitation  indi¬ 
cates  the  presence  of  a  primary  amine.  The  presence  of  a  slight 
turbidity  indicates  primary  amine  as  an  impurity  only.  Aro¬ 
matic  amines  generally  require  2  to  3  minutes  for  the  test. 

Sensitivity.  The  sensitivity  of  the  test  is  almost  constant  on  a 
molar  basis  from  one  amine  to  another.  When  the  concentration 
of  the  amine  in  the  test  solution  is  0.02  M,  a  test  is  obtained. 
Below  0.02  M,  the  test  loses  its  distinctiveness. 

Secondary  Amines.  Reagent.  To  0.5  gram  of  nickel  chloride 
hexahydrate  in  100  ml.  of  water  is  added  enough  carbon  disulfide 
so  that,  after  shaking,  a  globule  of  the  carbon  disulfide  is  left  on 
the  bottom  of  the  bottle.  The  reagent  is  stable  for  long  periods 
of  time  if  tightly  stoppered.  If  all  the  carbon  disulfide  evapo¬ 
rates,  more  must  be  added. 

Procedure.  An  aqueous  solution  of  the  amine  or  its  hydro¬ 
chloride  is  prepared  as  under  the  test  for  primary  amines.  To  1 
ml.  of  the  reagent  in  a  test  tube  is  added  0.5  to  1  ml.  of  concen¬ 
trated  ammonium  hydroxide,  followed  by  0.5  to  1  ml.,  of  the 
amine  solution.  A  precipitate  indicates  a  secondary  amine.  A 
slight  turbidity  is  an  indication  of  secondary  amine  as  an  im¬ 
purity. 

Sensitivity.  As  in  the  test  for  primary  amines,  this  test  has 
about  the  same  sensitivity  on  a  molar  basis  for  all  amines.  The 
lower  limit  is  about  0.01  M  in  the  test  solution. 


Each  test  was  applied  to  the  following  amines: 


Primary 

Methyl 

Ethyl 

n-Propyl 

Isopropyl 

n-Butyl 

Isobutyl 

$-Butyl 

Cyclohexyl 

Aniline 

Ethanolamine 

Toluidine 

Naphthylamine 


Secondary 

Dimethyl 

Diethyl 

Di-ri-propyl 

Di-n-butyl 

n-Methylaniline 

Diethanolamine 

Piperidine 

Morpholine 


Tertiary 

Trimethyl 

Triethyl 

Tributyl 

Dimethylaniline 

Triethanolamine 

Pyridine 


The  tests  operated  satisfactorily,  without  exception.  Ii 
some  cases  amines  of  one  class  gave  slight  tests  for  amines  o 
another,  indicating  the  presence  of  impurities. 

Interferences.  Hydroxylamine,  hydrazine,  and  its  deriva 
tives  where  only  one  nitrogen  is  substituted,  give  a  positive  tes  I 
for  primary  amine.  Urea  and  other  amides  do  not  give  primar 
amine  tests.  No  common  interference  was  found  for  the  tes  ‘ 
for  secondary  amines. 

High  concentrations  of  ammonia  or  tertiary  amines  invalidat  j 
the  test  for  primary  amines  by  rendering  the  precipitate  soluble 
High  concentrations  of  secondary  amine  produce  an  anomalou 
precipitate.  In  general,  the  tolerances  are  75  moles  of  ammonia 
20  moles  of  secondary,  and  25  moles  of  tertiary  amine  to  one  o 
primary  amine.  The  test  for  secondary  amines  operates  in  at 
concentrations  of  ammonia,  and  primary  and  tertiary  amines.  I 

Many  water-insoluble  organic  compounds  readily  dissolve  th 
precipitates,  necessitating  the  removal  of  such  solvents  if  possible 

SUMMARY 

Tests  for  primary  and  secondary  amines  which  succeed  in  th 
presence  of  relatively  high  concentrations  of  amines  of  othe 
classes  and  ammonia  are  described.  The  former  are  based  upo 
the  reaction  of  the  amine  with  5-nitrosalicylaldehyde  accon 
panied  by  precipitation  of  the  nickel  complex  with  the  imine  an 
the  latter  upon  the  reaction  of  the  secondary  amine  with  carbo 
disulfide  accompanied  by  precipitation  of  the  nickel  comple 
with  the  carbamate. 
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A  Simple  Polarographic  Cell 

J.  BRENNAN  GISCLARD 

Bureau  of  Industrial  Health,  Michigan  Department  of  Health, 
Lansing,  Mich. 


Polarographic  ceils  for  small  volumes  of  soiutio 

usually  call  for  delicate  glass-blowing  jobs  or  platinui 
wire-to-glass  seals  which  are  often  unsatisfactory.  A  satisfactor 
cell  which  avoids  these  difficulties  is  shown  in  the  diagram. 


The  cell  consists  of  a  5-ml.  syringe  barrel  (of  the  rubber  plung< 
type)  with  the  rubber  stopper  held  securely  in  place  by  a  fe 
strands  of  small  copper  wire.  A  20-gage,  5-cm.  (2-inch)  stainle 
steel  needle  with  a  piece  of  wire  soldered  to  its  base  serves  t 
admit  nitrogen  and  complete  the  circuit.  The  unit  is  mounte 
on  a  small  clamp  (not  shown  in  tl 
diagram). 

In  operation,  the  needle  is  inserte 
through  the  stopper  but  slightly  off  centi 
to  allow  a  small  amount  of  mercury  an 
the  test  solution  to  be  more  convenient! 
admitted.  In  removing  oxygen,  nitroge 
is  first  allowed  to  flow  through  the  needl 
the  tip  of  which  is  then  withdrawn  beneat 
the  surface  of  the  liquid.  After  this,  tl 
needle  is  pushed  above  the  surface  I 
prevent  re-entry  of  oxygen  from  the  a 
while  the  polarogram  is  taken. 

Numerous  determinations  have  show 
that  repeated penetrationsof  theneedlein 
the  stopper  do  n< 


Tank  nitrogen 


cause  it  to  leak.  Tl 
cell  has  proved  to  1 
very  convenient  f 
small  volumes  (1 
2  ml.)  and  practical 
unbreakable. 
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Determination  of  Copper  in 
Aluminum  Alloys 

SIDNEY  WEINBERG 

Industrial  Test  Laboratory,  U.  S.  Navy  Yard, 
Philadelphia,  Pa. 


LITERATURE  CITED 

(1)  Blok,  N.  I.,  Shumilova,  N.  A.,  and  Gorskaya,  N.  F„  Zavodskaya 

Lab.,  10,  28-31  (1941). 

(2)  Sloviter,  H.  A.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  13,  235-6  (1941). 

Opinions  expressed  are  those  of  the  author  and  should  not  necessarily  be 
construed  to  represent  the  views  of  the  Navy  Department. 


A  DIRECT  acid  solution  procedure  for  the  determination  of 
copper  in  aluminum  alloys  by  electrodeposition  gives  excel¬ 
lent  results.  The  method  employs  a  mixture  of  perchloric  acid 
and  nitric  acid  to  effect  solution  of  the  alloy.  This  procedure  is 
particularly  suitable  for  continuous  analyses  in  which  the  pres¬ 
ence  of  salts  introduced  by  caustic  solution  methods  followed  by 
acidification  ( 1 ,  2)  is  objectionable,  and  for  certain  types  of  al¬ 
loys,  suc.h  as  high-silicon  alloys,  for  complete  solution  of  the 
sample  proceeds  readily. 

Chromium,  manganese,  and  nickel  can  be  determined  after 
electrolysis.  The  determination  of  chromium  can  be  very 
readily  accomplished  on  a  separate  sample  by  oxidation  with  per¬ 
chloric  acid.  Manganese  can  also  be  estimated,  after  solution  of 
the  alloy,  by  the  usual  oxidation  procedures.  Nickel  is  best  de¬ 
termined  on  the  electrolyte  by  gravimetric  or  colorimetric  meth¬ 
ods  using  dimethylglyoxime  reagent. 


Table  I.  Results  of  Acid  Solution  Method 


Alloy  N 

Designations  Va 


N.B.S. 

85 

4 

N.B.S. 

86a 

7 

N.B.S. 

86b 

7 

Alcoa  52-S 


Alcoa  2-S 


Alcoa  195 
Alcoa  X-195  (1) 
Alcoa  X-195  (2) 
Alcoa  355 
Alcoa  B-195 


B.S. 

Alkali 

Acid 

lues 

Procedure 

Procedure 

11 

4.10 

4.11 

65 

7.66 

7.65 

7.66 

87 

7.88 

7.88 

7.87 

7.87 

0.30 

0.31 

0.30 

0.31 

0.16 

0.16 

0.16 

0.16 

4.10 

4.08 

4.47 

4.45 

4.36 

4.36 

1.30 

1.33 

4.30 

4.31 

Results  obtained  are  shown  in  Table  I,  compared  to  the  alkali 
method.  Deposits  are  bright  and  adherent.  The  procedure  is 
i  applicable  to  the  complete  range  of  copper  occurring  in  aluminum 
alloys.  Elements  which  deposit  in  strong  acid  solutions  inter- 

i  fere  for  example,  bismuth  in  screw  machine  products.  For- 
,  tunately,  they  are  seldom  encountered.  If  present,  a  subsequent 
:  purification  of  the  deposit  is  necessary. 


Procedure.  Dissolve  1  gram  of  aluminum  alloy  drillings  ii 
f  200-ml-  electrolytic  beaker  by  adding  20  ml.  of  perchloric  aci< 
•  j  /  ’  0  ' 0  distilled  water,  and  5  ml.  of  concentrated  nitri 

acid  (specific  gravity  1 .42) .  Warm  gently  after  the  initial  vigor 
ous  reactmn  decreases  to  complete  the  solution.  A  second  5-ml 
^h^ioi* 1 *  of  water  often  facilitates  completion  of  the  reaction 
Add  4  ml.  of  concentrated  nitric  acid,  and  2  ml.  of  dilute  sulfur! 

:>to  U  anu  bring  to  a  boil  to  expel  nitrogen  oxides.  Wasl 
clown  the  sides  of  the  beaker  with  distilled  water  at  room  tempera 
ture  and  dilute  to  150  ml.  Electrolyze  for  30  to  40  minutes 
using  a  current  of  air  to  agitate  the  electrolyte.  A  platinum  win 
spiral  serves  as  the  anode  and  a  platinum  gauze  cylinder  4  - 
cm  ( 1.75  inches)  in  diameter  and  5  cm.  (2  inches)  in  length  as  the 
cathode  The  current  is  adjusted  to  2  to  3  amperes  at  the  begin 
ning  ot  the  electrodeposition  and  need  not  be  adjusted  afterward 
the  completeness  of  the  deposit  can  be  tested  by  use  of  a  sodiun 
sulfide  solution. 


Packing  Support  for  Laboratory 
Fractionating  Columns 

JOHN  R.  LONG 

The  Goodyear  Tire  &  Rubber  Company,  Akron,  Ohio 


ONE  of  the  more  difficult  problems  in  building  a  packed  labo¬ 
ratory  fractionating  column  is  the  construction  of  a  satis¬ 
factory  support  for  the  packing.  Various  designs  have  been 
proposed,  but  all  have  one  or  more  disadvantages:  flooding  be¬ 
cause  of  insufficient  capacity,  corrosion  of  construction  ma¬ 
terials,  or  ease  of  breaking. 

These  disadvantages  have  been  eliminated  in  a  packing  support 
which  the  writer  has  been  using  for  several  years.  This  support 
has  the  additional  advantage  that  the  rate  of  return  of  the  liquid 
to  the  still  pot  is  easily  observed,  since  the  liquid  flows  from  a 
single  drip  point.  Packing  supports  have  been  constructed  for 
columns  ranging  in  size  from  7  to  52  mm.  in  diameter  and  packed 
with  packing  ranging  from  0.24-cm.  (3/32-inch)  glass  helices  to 
0.6-cm.  (0.25-inch)  Berl  saddles.  The  glass  blowing  involved 
in  the  construction  of  the  packing  support  is  of  only  moderate 
difficulty  and  consists  of  two  steps. 


V 


A  short  piece  ot  tubing  the  same  diameter  as  the  column  is 
shrunk  and  pulled  down  in  a  flame  to  give  a  tube  having  a  conical 
shaped  closed  end,  the  cone  having  the  same  wall  thickness  as 
the  tube,  A.  The  tip  of  the  cone  is  then  heated  quickly  with  a 
fine  pointed  flame,  such  as  that  obtained  with  a  No.  1  tip  of  a 

Hoke- Jewel  torch  and  a  small  bulb  is 
partially  blown  out.  This  procedure  is 
repeated  in  such  a  manner  that  the  sur¬ 
face  of  the  cone  is  covered  with  uni¬ 
formly  spaced  small  bulbs,  B. 

The  partially  blown  out  bulbs  are 
sanded  off  with  coarse  sand  paper, 
giving  a  perforated  cone.  These  per¬ 
forations  should  be  small  enough,  so 
that  the  packing  does  not  fall  through, 
and  have  an  area  equal  to  the  cross- 
sectional  area  of  the  column.  Some 
practice  is  required  to  produce  small 
holes  for  small  packing.  The  cone  is 
carefully  heated  until  all  the  holes  have 
been  fire-polished  and  then  annealed. 
The  prepared  section,  B,  is  attached 
to  the  bottorq  part  of  the  column  with 
a  ring  seal,  C.  The  completed  unit, 
C,  is  then  sealed  to  the  tube  which  is 
the  main  part  of  the  column. 

The  best  method  of  making  this  ring 
seal  is  as  follows:  The  parts  are 
clamped  horizontally  in  such  a  position 
that  they  touch  where  the  seal  is  to  be 
made.  The  portion  of  glass  in  the 
vicinity  of  the  seal  is  kept  hot  during 
the  next  operation  by  a  relatively  cool 
gas-air  flame  of  a  blast  lamp.  If  the 
flame  is  too  hot  the  glass  will  sag.  A 
portion  of  the  outer  tube  is  heated  with 
a  fine  pointed  flame  and  pushed  against 
fho  inner  tube  with  a  file  or  iron  wire. 
This  is  repeated  along  the  entire  length 
of  the  seal.  The  seal  is  worked  out  in 
the  usual  manner  and  annealed  in  a 
flame,  or  preferably  in  a  furnace. 


Water  Vapor  and  the  McLeod  Type  of  Vacuum  Ga3e 

EARL  W.  FLOSDORF 

F.  J.  Stokes  Machine  Company,  Philadelphia,  Pa. 


THE  McLeod  gage  after  70  years  (3)  is  still  the  ultimate  stand¬ 
ard  for  vacuum  measurement  and  is  used  in  calibration  of  all 
other  vacuum  gages.  Noncondensable  gases,  such  as  hydrogen, 
cause  no  error  in  readings  as  they  do  with  electrical  gages  but 
condensable  vapors,  such  as  water  or  alcohol,  cause  serious  error. 
Types  of  errors  encountered  and  methods  for  avoiding  them  are 
discussed  in  terms  of  the  portable  swivel  type  ( 1 ,  %). 

Turning  the  swivel  gage  cuts  off  a  definite  volume,  V ,  of  the 
rarefied  air  at  the  unknown  pressure  of  the  vacuum  system,  F, 
and  compresses  it  to  smaller  volume,  v,  at  higher  pressure  p. 
V  is  the  combined  volume  of  the  measuring  bulb  and  the  center 
tube  (closed-end  or  measuring  capillary).  The  value  of  p  is 
equal  to  the  difference  in  level  of  the  mercury  in  the  center  tube 
and  the  right,  outside  tube  (compensating  capillary).  Boyles 
law  is  used  in  calibration  of  the  scale. 

During  compression  the  pressure-to-volume  relation  of  Boyle 
applies  only  to  noncondensable  gases.  With  condensable  vapors 
there  is  much  greater  contraction,  since  they  withstand  only  a 
small  degree  of  compression  before  condensing.  If  the  pres¬ 
sure,  p,  exerted  on  the  vapor  trapped  in  the  center  tube  exceeds 
the  condensation  pressure  (varies  with  temperature) ,  the  vapor 
condenses,  and  as  a  result  of  the  greater  contraction  in  volume  in 
the  center  tube,  the  mercury  will  indicate  a  far  better  vacuum 
than  actually  exists.  No  simple  correction  or  multiplication  fac¬ 
tor  can  take  account  of  this. 

SPECIFIC  EFFECTS  OF  WATER  VAPOR 

Condensation,  Higher  Pressure  Range.  Compare  two 
gages  of  about  the  same  scale  length,  one  having  a  range  of  0 
to  5000  microns  and  the  other  0  to  700  microns  connected  to  the 
same  vacuum  system.  With  water  present,  different  leadings 
will  be  obtained  but  neither  will  be  correct,  because  it  is  the 
difference  in  level  of  the  mercury,  p,  in  the  two  capillaries  which 
sets  up  the  pressure  resulting  in  condensation  of  the  moisture. 
At  24°  C.  the  vapor  pressure  of  water  is  22  mm. ;  in  other  words, 
if  p  is  22  mm.  or  more,  the  vapor  will  be  condensed.  This  point 
on  the  measuring  capillary,  corresponding  to  dif¬ 
ference  in  level  equal  to  the  vapor  pressure,  we 
may  call  the  condensation  point. 

In  the  wide-range  gage,  the  condensation  point 
corresponds  on  the  scale  to  a  pressure  of  about 
100  microns;  on  the  narrow-range  gage,  to  11 
microns.  Consequently,  if  there  is  largely  water 
vapor  in  the  gage,  at  say  a  pressure  of  250  microns, 
and  very  little  air,  say  2  microns,  the  vapor  will 
condense  to  liquid  (invisibly  small  in  amount) 
and  the  contraction  in  volume  will  cause  the 
mercury  to  rise  in  the  measuring  capillary  to 
within  22  mm.  from  the  top,  corresponding  to 
the  vapor  pressure  of  the  condensed  water. 

Thus  the  wide-range  instrument  will  indicate 
100  microns  and  the  narrow-range,  11  microns. 

Actual  total  pressure  (air  and  water  vapor  com¬ 
bined)  252  microns,  is  far  above  the  pressure  in¬ 
dicated  by  either  gage.  All  the  operator  knows 
is  that  the  air  alone  is  not  over  11  microns;  it  it 
were  more,  it  would  keep  the  mercury  from  rising 
so  high  in  the  center  tube. 

When  there  is  enough  air  in  the  system  to  yield 
readings  above  100  microns,  the  two  gages  come 
into  closer  agreement  but  both  readings  ^are  still 
in  error.  For  example,  take  a  case  of  24°  C.,  100 
microns  of  air  and  1500  microns  of  water  vapor, 
yielding  a  total  pressure  of  1600  microns.  Vi  ith 
the  wider  range  scale,  p  would  comprise  22  mm. 
for  the  compressed  air  plus  22  mm.  for  the  par¬ 
tial  pressure  of  water  vapor  under  compression 
which  sets  up  saturated  conditions.  Thus  44  mm. 
of  scale  length  would  indicate  a  vacuum  of  450 
microns.  Similarly,  with  the  narrower  range 


scale  (0  to  700),  p  would  comprise  51  mm.  for  the  air  and  22  mm. 
more  for  water  vapor,  the  total  of  73  mm.  indicating  200  microns. 
Both  gages  would  give  exactly  these  same  fictitious  readings  in 
microns  with  actual  pressures  even  as  high  as  5000  microns,  were 
only  100  microns  due  to  air  and  4900  to  water  vapor.  Similarly, 
with  100  microns  of  air  and  150  microns  of  vapor,  a  total  of  2o0, 
the  wide-range  gage  would  read  about  175  microns  and  the  nar¬ 
row-range  200  microns.  Drying  the  gages  will  correct  these  errors. 

Outgassing,  Low  Pressure  Range.  At  total  pressures  below 
the  condensation  point,  condensation  cannot  occur  and  accurate 
readings  are  obtainable.  If  water  vapor  coming  slowly  from  the 
glass  or  mercury  in  the  gage,  however,  is  not  pumped  away 
completely  enough  to  establish  equilibrium  with  the  system,  a 
fictitiously  high  reading  is  obtained.  Generally,  this  is  at  pres¬ 
sures  below  10  microns;  this  error  also  may  be  corrected  by  dry¬ 
ing.  Outgassing  of  noncondensables  from  glass  or  rubber  can  be 
corrected  only  by  pumping  sufficiently  long.  At  very  high  vac¬ 
uum  rubber  connections  must  be  eliminated. 

CORRECTION  OF  ERRORS 

Errors  of  Condensation.  Hot  Gage  Method.  This  is  applica¬ 
ble  where  the  range  of  operating  pressures  is  such  that  at  some 
reasonably  high  temperature  the  condensation  point  will  exceed 
all  pressures  to  be  encountered.  For  example,  at  38°  C.  the  5000- 
micron  range  gage  will  give  true  total  pressures  up  to  500  mi¬ 
crons;  at  48°  C.,  up  to  2000  microns;  and  the  700-micron  range 
gage  up  to  250  microns.  At  66°  C.,  either  gage  will  give  true 
total  pressures  up  to  the  maximum  of  its  range.  This  method 
will  not  always  function  at  highest  vacuum— e.g.,  where  moisture 
from  the  mercury  itself  is  not  pumped  away  rapidly  enough,  er¬ 
rors  of  fictitiously  high  readings  due  to  outgassing  are  magnified. 

Air  Flush  Method.  This  is  applicable  where  a  high-capacity 
vacuum  pump  is  used. 

A  T-tube  is  placed  in  the  line  to  the  gage.  By  means  of  a  stop¬ 
cock  or  a  pinchcock,  the  gage  is  closed  off  from  the  vacuum  sys- 


Figure  1 


Comparative  Condensation  Errors  in  Gages  of  Different  Scale  Range 
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tem  and  air  is  admitted  to  the  gage  through  the  T-tube.  Thega°-e 

is  then  evacuated  again  to  flush  out  most  of  the  water  vapor  fn 
about  2  minutes,  a  reading  will  be  found  higher  than  the  original 
before  flushing  in  proportion  to  the  amount  of  water  vapor 
which  was  present  initially.  Further  readings  gradually  become 
ji  lower  again  as  vapor  diffuses  back  into  the  gage.  Each  time  a 
leading  close  to  the  true  total  pressure  in  the  system  is  desired 
the  gage  must  be  flushed.  This  method  is  not  applicable  at  higher 
■  vacuum.  ° 

I  Errors  of  Both  Condensation  and  Outgassing.  Chemical 
Trap.  This  is  the  simplest  method  of  all. 

A  glass  tube  large  enough  in  diameter  to  cause  no  undue  re¬ 
striction  of  flow  is  filled  with  a  chemical  selected  on  the  basis  of  a 
vapor  pressure  well  below  the  minimum  to  be  encountered  in  the 
high-vacuum  system.  By  suitable  selection,  chemicals  for  vapors 
such  as  alcohol  and  oil,  which  cause  similar  errors  may  be  re- 
moved.  An  indicator  chemical  may  be  used,  so  that  time  for 
replacement  may  be  determined  readily.  At  highest  vacuum 
say  at  pressures  below  0.1  micron,  it  may  be  necessary  to  cool  the 
chemical  trap. 


Freezing  Trap.  A  low-temperature  condenser  kept  cold  by 
means  of  dry  ice,  liquid  air,  or  liquid  nitrogen  may  be  used  for 
freezing  out  the  moisture  at  a  properly  low  vapor  pressure.  The 
necessity  of  continually  supplying  the  refrigerant  and  frequently 
removing  the  condensate  makes  this  method  less  convenient. 


CERTAINTY  OF  ACCURATE  READINGS 

The  chemical  or  freezing  trap  causes  true  total  pressures  to  be 
indicated,  even  though  only  dry  air  is  in  the  gage  at  all  times. 
This  air  accumulates  in  quantity,  so  that  its  pressure  exactly  bal¬ 
ances  the  total  pressure  of  water  vapor  and  air  in  the  system  on 
the  other  side  of  the  trap.  Even  traces  of  moisture  will  cause 
some  degree  of  error  and  new  gages  (or  old  ones  that  have  just 
been  cleaned)  may  require  several  days  under  vacuum,  protected 
by  a  moisture  trap,  for  complete  removal  of  moisture  in  order  to 
ensure  accurate  readings.  The  gage  must  be  kept  protected  and 
only  dry  air  admitted  to  it. 

Since  the  wider  the  range  of  the  gage  the  higher  the  condensa¬ 
tion  point,  a  moist  gage  of  wide  range  can  be  used  up  to  higher 
pressures  than  one  of  the  narrow  range  before  errors  of  condensa¬ 
tion  arise.  A  condensable  vapor  trap  is  recommended  to  exclude 
all  vapors  permanently,  the  chemical  type  being  the  most  prac¬ 
ticable.  Using  two  gages  of  different  scale  range  and  obtaining 
identical  readings  is  the  best  means  of  knowing  with  certainty 
that  readings  are  accurate.  With  a  McLeod  gage  of  the  recording 
type  for  producing  a  continuous  record  of  vacuum,  a  proper  trap 
for  moisture  is  indispensable. 
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Microdetection  of  Sulfur  in  Insoluble  Sulfates  and  in 

Organic  Compounds 

F.  L.  HAHN,  Instituto  Quimico-Agricola  Nacional,  Guatemala 


THE  procedures  described  are  based  upon  the  evolution  of 
nitrogen  in  the  sulfide-catalyzed  reaction  between  sodium 
izide  and  iodine  ( 1 ,  3,  4): 

K2S 

3I2  +  6NaN3  — >■  6NaI  +  3N2 
or 

Ag2S 

The  reaction  is  catalyzed  by  metallic  thiocyanates,  thio¬ 
sulfates,  and  sulfides,  whether  soluble  or  insoluble  in  water,  and 

dso  by  organic  compounds  which  contain  the  group  — C=S  or 

— C  SLI,  and  some  others  with  active  sulfur — e.g.,  sulfathi- 

izole— to  which  the  test  may  be  applied  without  preliminary 
reatment  {2,  5).  To  apply  this  test  to  the  detection  of  sulfur 
n  insoluble  sulfates  or  nonvolatile  organic  compounds,  a  minute 
[uantity  ot  substance,  in  a  molten  globule  of  potassium  hy- 
Iroxide  on  the  tip  of  a  piece  of  fine  copper  wire,  is  heated  in  the 
educing  zone  of  a  flame,  whereby  sulfur  in  any  combination  is 
onverted  to  potassium  sulfide.  Organic  compounds  whose 
olatility  excludes  this  procedure  are  pyrolvzed  in  a  capillary 
ube  internally  coated  with  silver;  the  resulting  silver  sulfide 
Nerves  to  catalyze  the  iodine-azide  reaction.  It  is  advisable  to 
j  LS^  directly  i.e.,  without  a  preliminary  decomposition — 

■  nd  then,  if  the  result  is  negative,  to  use  one  of  the  procedures 
escribed  below,  as  in  this  way  some  indication  as  to  the  manner 
f  combination  of  sulfur  in  an  organic  compound  may  be  obtained 
?,  5).  Application  of  all  three  procedures  requires  only  a  small 
mount  of  substance  and  can  be  completed  in  5  minutes. 

PROCEDURES 

i  Reagent.  Dissolve  1.0  gram  of  sodium  azide  in  50  ml.  of 
■o  A  iodine  solution. 


L  Detection  of  Sulfur  in  Nonvolatile  Substances 
C  lean  the  end  of  a  piece  of  thin  copper  wire  (0.1  to  0  2  mm  )  with 
nitric  acid  or  emery  paper  to  remove  sulfide,  and  wash  with 
distilled  water.  Dip  the  clean  end  of  the  wire  into  a  saturated 
solution  ot  potassium  hydroxide  in  water,  and  pass  it  through 
tne  flame  of  an  alcohol  lamp,  so  as  to  evaporate  the  water  and 
leave  a  small  bead  of  molten  potassium  hydroxide  at  or  near  the 
end.  |  A  gas  name  may  be  used  if  sufficiently  low  in  sulfur  to 
yield  a  negative  blank  test.  It  is  an  advantage  of  the  test 
especially  in  mineralogical  field  work,  that  an  alcohol  lamp 
(whose  flame  is  certain  to  be  sulfur-free)  will  serve.  ]  If  the  bead 
does  not  form  at  the  tip,  the  wire  beyond  the  bead  may  be  cut 
oil.  ormg  the  bead  of  alkali  into  contact  with  the  substance  to 
be  tested.  Introduce  the  bead  and  adhering  sample  into  the 
flame,  moving  the  bead  slowly  into  the  reducing  cone,  and  after 
a  tew  seconds  allow  it  to  cool  near  the  wick.  Use  one  of  the 
following  manipulations  to  detect  the  sulfide  formed. 

Cut  off  that  portion  of  the  wire  covered  by  the  bead  of  alkali 
and  place  it  on  a  microscope  slide  on  the  stage  of  a  microscope. 
Cover  the  bead  with  a  drop  of  the  reagent  and  observe  the  result 
through  the  microscope.  A  positive  test  is  an  active  evolution 
of  nitrogen  bubbles. 

Cut  off  the  portion  of  the  wire  covered  by  the  bead  of  alkali 
and  drop  it  into  a  glass  capillary  of  1-mm.  diameter  and  sealed 
at  one  end— e.g.,  a  short  melting  point  tube.  Introduce  a 
droplet  of  the  iodine-azide  reagent,  and  swing  the  tube  rapidly 
so  as  centrifugally  to  project  the  reagent  to  the  closed  end,  where 
it  comes  into  contact  with  the  test  bead.  While  the  tube  is  held 
with  the  closed  end  uppermost,  observe  whether  or  not  gas  is 
evolved  and  collected  in  the  upper  end. 

Tests  of  procedure  1  using  barium  sulfate  and  sodium  naphtho¬ 
quinone  sulfonate  showed  that  less  than  0.1  microgram  of  these 
compounds  gave  strongly  positive  results. 

2.  Detection  of  Sulfur  in  Volatile  Substances.  Coat 
with  silver  the  inner  surface  of  a  piece  of  ordinary  (thick-walled) 
glass  tubing  of  0.5-  to  2-mm.  bore  by  filling  with  a  dilute  reagent 
containing  silver  nitrate  (about  O.i  N),  ammonium  hydroxide, 
a  soluble  tartrate,  and  sodium  hydroxide  and  allowing  to  stand 
overnight  at  room  temperature.  Empty  the  tube,  wash  the 
interior  with  distilled  water,  and  dry  by  warming  while  a  current 
of  air  is  passed  through  the  tube.  Soften  one  end  in  a  small 
flame  and  pull  it  out  to  a  fine  capillary  about  2  to  3  mm.  lon<*  and 
of  0  1  to  0.2  mm.  diameter.  Touch  the  tip  of  the  capillary  section 
to  the  liquid  substance  to  be  tested  (if  the  substance  is  solid  it 
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may  be  used  molten  or  dissolved  in  a  sulfur-free  solvent);  a 
small  quantity  of  the  substance  (some  tenths  of  a  milligram  to 
several  milligrams)  will  enter.  Melt  shut  the  tip  of  the  capillary 
rapidlv  by  touching  it  to  a  hot  flame.  Apply  heat  to  the  tube  at 
a  point  2  to  3  cm.  from  the  sealed  end,  and  move  the  name 
gradually  toward  the  sample  so  as  to  volatilize  it.  A  slight 
crackling  sound  will  be  heard  when  the  vaporized  substance 
enters  the  heated  zone  and  decomposes  in  contact  with  the 
silver  coating.  Allow  the  tube  to  cool,  break  off  the  tip  oi  the 
capillary,  and  allow  a  droplet  of  the  iodine-azide  reagent  to  enter, 
observing  under  the  microscope. 

The  approximate  sensitivity  limit  of  this  procedure  was  deter¬ 
mined  by  use  of  solutions  of  sulfur  in  xylene.  The  tests  were 
performed  as  “unknowns”,  the  tubes  being  charged  by  a  co¬ 
worker.  Xylene  gave  a  negative  test.  W  ith  0.01  microgram 
of  sulfur  (0.3  mg.  of  0.0033%  solution)  the  result  was  doubtful. 
With  0.013  microgram  of  sulfur  (0.4  mg.  of  0.0033%  solution) 
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the  test  was  positive  but  not  strong,  and  the  same  result  was 
noted  with  0.02  microgram  of  sulfur  (0.2  mg.  of  0.01%  solution). 
Strongly  positive  tests  were  observed  with  sulfur  in  amounts 
from  0.05  to  0.12  microgram  taken  in  both  concentrations,  and 
a  very  strong  test  was  given  by  0.26  microgram  of  sulfur  (2.6 
mg.  of  0.01%  solution). 
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Final  Report  on  15-Year  Collective 

Index 

The  last  of  the  page  proof  was  sent  back  to  the  printer  on 
February  12.  As  this  marks  the  completion  of  my  part  in  the 
index,  some  statistics  may  not  be  out  of  line  in  this  last  progress 
report,  as  they  may  be  of  help  in  estimating  on  future  indexes. 


The  counsel  of  M.  G.  Mellon  and  E.  J.  Crane  was  invaluable. 

I  wish  to  record  my  gratitude  not  alone  for  the  answers  and  ad-  ; 
vice  which  have  so  greatly  improved  the  index,  but  also  for  the 
kindness  with  which  these  men  supplied  this  information. 

Charles  L.  Bernier 


BOOK  REVIEW 


Job 

Card-making 
Editing  of  cards 
Galley  proof  came  in 
Reading  and  some  checking 
of  galleys 

Page  proof  came  in 
Cheeking  page  proof 


Subject  Index 

Started  Completed  Hours 

March  2,  1944  August  1  354 

August  22  October  13  146 

December  17  January  8,  1945 

December  17  January  14,  1945  105 

February  8  February  9 

February  8  February  11  20 

Total  625 


Work  on  Author  Index  ^  _ 

Grand  total  hours  for  C.L.B.  853 

Work  by  Mrs.  Bernier,  checking  galleys  97 

Work  by  Mrs.  Swank,  making  Author  Index  cards,  alphabetizing 
both  indexes,  reading  and  checking  galley  proof  on  part  of 
Author  Index  *•  - 

Total  hours  for  assistants  372 


There  are  14,500  cards  (entries  in  the  Subject  Index)  and  2250 
cross  references.  The  completed  Author  Index  consists  of  6750 
cards,  including  cross  references. 

As  to  the  quality  of  the  index,  we  who  have  worked  on  it  feel  it 
to  be  high — judging  from  the  few  corrections  on  proof,  the  fact 
that  about  300  references  looked  up  disclosed  no  mistakes,  and 
because  it  was  designed  with  the  needs  of  analytical  chemists  in 
mind.  Because  this  index  contains  more  information  on  methods 
and  reagents,  it  should  prove  not  only  the  fastest  way,  but  also 
the  surest  way,  of  getting  information  out  of  the  first  15  years 
of  the  Analytical  Edition.  The  fact  that  the  index  is  built 
very  much  like  Chemical  Abstracts  indexes  makes  it  possible  to 
turn  from  one  to  the  other  with  a  minimum  of  shift  in  search 
plan;  searchers  for  organic  compound  names  will  especially  ap¬ 
preciate  this.  Mistakes  and  errors  occur  in  every  work  of  this 
type;  to  neutralize  these,  errata  published  in  the  Analytical 
Edition — say  once  a  year — would  be  a  big  help.  I  am,  of  course, 
wholly  responsible  for  the  correctness  of  the  index  and  will  be 
glad  to  help  in  locating  bad  references  and  in  straightening  out 
other  troubles.  I  anticipate  few  mistakes  or  errors. 

I  want  to  express  here  my  appreciation  for  the  skillful  work 
of  Mrs.  Bernier  and  Mrs.  Swank  on  this  index.  We  are  fortunate 
in  having  the  help  of  people  with  the  training  and  experience 
of  these  two. 


Introduction  to  Quantitative  Analysis.  Saul  B.  Arenson  and 

George  Rieveschl,  Jr.  386  pages.  Thomas  Y.  Crowell  Co.,  432 

Fourth  Ave.,  New  York,  N.  Y.,  1944.  Price,  $2.75. 

The  book  contains  chapters  on  fundamentals,  chemical  equilibrium, 
acid-base  titrimetry,  oxidation-reduction  titrimetry,  precipitation 
titrimetry,  gravimetric  analysis,  some  applications  of  electrochemis¬ 
try,  photometric  methods,  and  a  small  section  on  the  mathematical 
treatment'of  analytical  results.  Scattered  throughout  the  text  are 
79  laboratory  experiments  and  291  problems.  Decimal  points  in 
answers  to  problems  are  intentionally  omitted,  and  the  problems  are 
apparently  taken  from  actual  examples  met  in  the  classroom  and 
laboratory. 

The  presentation  of  the  subject  matter  is  good,  although  it  is  oc¬ 
casionally  wordy  and  naively  informal,  as  is  exemplified  in  the  follow¬ 
ing  introductory  sentence  to  Overtitration,  on  page  106:  At  the 
beginning  of  your  careers  as  volumetric  analysts  you  very  seldom 
‘hit  the  end  point  on  the  head’.”  In  other  words,  the  language  of  the 
book  strongly  reflects  the  language  of  the  laboratory.  Questions 
which  may  arise  in  the  minds  of  critical  readers  are  whether  potas¬ 
sium  tetraoxalate  dihydrate  is  actually  a  commonly  used  standard 
(p.  96),  what  constitutes  a  “volumetric  analyst”  (p.  106),  whether  it 
would  not  be  better  to  give  the  students  the  more  recent  information 
on  standardizing  permanganate  (p.  164) ,  whether  the  decomposition 
temperature  of  BaS04  is  actually  800°  C.  (p.  272),  and  whether  the 
book  gives  a  reasonably  strong  picture  of  8-hydroxyquinolme  (p. 
277). 

The  style  of  the  book  conveys  the  feeling  of  an  unusual  frankness 
between  student  and  teacher.  Certain  rather  lengthy  direct  quota¬ 
tions  from  chemical  journals  may  have  the  good  effect  of  arousing 
the  students’  interest  in  such  literature  and  of  overcoming  the  re¬ 
sistance  most  students  have  for  reading  anything  outside  theii 
own  texts.  The  explanations  of  the  principles  of  physical  chemistry 
applicable  to  analytical  chemistry  are  clear  and  as  simple  as  possible. 
Reasonable  explanations  of  simple  things  are  given.  For  example, 
the  desiccator  is  defined  and  its  limitations  are  pointed  out,  so  that 
the  student  need  not  make  the  mistake  of  assuming  that  placing  an 
object  in  the  desiccator  affords  total  protection. 

As  a  text  for  beginners  in  analytical  chemistry,  the  book  deserves 
consideration  by  students  and  teachers  because  of  the  unusual 
method  of  presentation. 

James  I.  Hoffman 
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Efficient  Statistical  Methods  in  Chemistry 

JOHN  MANDEL1,  Columbia  University,  N.  Y. 


Statistical  procedures  are  described  for  the  evaluation  and  com¬ 
parison  of  precisions,  and  for  the  estimation  of  accuracies.  Illus¬ 
trative  use  is  made  of  numerical  data  taken  from  articles  published  in 
the  ANALYTICAL  Edition.  Special  emphasis  is  placed  on  the  prac¬ 
tical  interpretation  of  the  statistical  tests  and  computations. 

ONE  of  the  outstanding  characteristics  of  modern  scientific 
research  is  the  importance  attached  to  numerical  data. 
In  certain  cases,  the  conclusions  obtained  from  such  numerical 
material  are  obvious:  Thus,  a  quantity  can  appear  to  be  propor- 
|  tional  to  the  square  of  another  variable  with  a  high  degree  of 
accuracy.  It  is  true  that  a  conclusion  of  such  degree  of  certainty 
'•  requires  the  experimental  elimination  of  all  perturbing  factors 
or  an  exact  knowledge  of  their  influences.  Furthermore  the  ob¬ 
jects  under  investigation  must  be  accurately  defined :  Thus,  an  ex¬ 
perimenter  measuring  the  conductivity  of  a  certain  substance  will 
'  use  a  sample  the  purity  of  which  corresponds  to  the  generally  ae- 
I  cepted  standards  at  the  time  of  his  experimentation. 

These  ideal  conditions  cannot  always  be  fulfilled.  Secondary 
factors,  such  as  variations  in  temperature,  atmospheric  pressure, 
and  many  others,  however  slight  they  may  be,  often  have  detect¬ 
able  effects.  Nor  are  our  measuring  instruments  perfect,  and  in 
addition  to  their  intrinsic  imperfections  are  the  subjective 
'  errors  due  to  the  reading  of  the  instrument.  On  the  other  hand, 
there  are  numerous  classes  of  objects  of  scientific  investigation, 
which  are  not  capable  of  an  unequivocal  definition:  Thus,  the 
concept  “colloidal  silver”,  even  if  it  is  further  elucidated  by  an 
, exact  procedure  for  its  preparation,  does  not  represent  an  entity 
whose  quantitative  properties  are  constant  within  the  precision 
of  the  measuring  instruments. 

The  fluctuations  due  to  these  and  similar  causes  often  obscure 
ithe  true  meaning  of  the  experimental  findings.  Wherever  an 
improvement  can  be  obtained  by  possible  rearrangement  of  the 
experiment,  this  is  generally  the  thing  to  do.  But  this  again  is 
not  always  possible,  and,  as  this  paper  intends  to  show,  not  even 
always  necessary. 

The  modern  methods  of  mathematical  statistics,  when  properlv 
applied,  can  throw  considerable  light  on  situations  of  this  type. 
In  this  connection,  three  facts  require  special  emphasis: 

1.  The  computational  labor  involved  is  much  less  cumbersome 
than  is  often  thought,  provided  that  one  uses  the  shortest  meth¬ 
ods  of  calculation.  This  can  be  further  reduced  by  the  use  of  a 
calculating  machine,  now  available  in  many  chemical  laboratories. 

I  2.  Modern  statistical  methods  are  not  confined  to  mere 
tabulation  or  estimation  of  parameters,  such  as  averages  and 
standard  deviations;  they  make  it  possible  to  express  in  terms  of 
probability  the  significance  of  such  estimates,  thus  giving  an  ob¬ 
jective  meaning  to  the  conclusions  drawn  from  the  experiment. 

3.  Finally,  modern  methods,  without  requiring  more  com¬ 
putational  work,  are  more  efficient  than  the  older  ones. 

1  Present  address,  BG  Corporation,  New  York,  N.  Y. 


To  illustrate  this,  let  us  assume,  for  example,  that  an  object 
be  weighed  by  ten  different  persons,  to  0.01  gram,  with  an  esti¬ 
mation  of  the  milligram  from  the  scale  reading.  If  we  are  asked 
about  a  way  of  estimating  the  correct  weight,  to  1  mg.,  on  the 
basis  of  these  ten  weighings,  we  have  several  courses  of  action; 
one,  for  example,  would  consist  in  taking  the  arithmetic  mean 
of  the  ten  numbers,  another  in  taking  the  mean  value  between 
the  lowest  and  the  highest  among  them.  It  can  now  be  proved, 
on  the  basis  of  certain  assumptions  concerning  the  probability 
distribution  of  these  experimental  readings  (such  as  “normality” 
and  “independence”)  that  the  variability  of  the  estimate  ob¬ 
tained  by  the  former  method  is  less  than  the  variability  of  the 
estimate  obtained  by  the  latter.  This  fact  is  expressed  by  saying 
that  the  first  method  is  the  more  efficient  one.  In  other  words,  if, 
for  example,  the  experiment  in  question  were  repeated  daily  for 
a  period  of  a  year  and  the  results  plotted  on  two  graphs,  one  for 
the  first  method  and  one  for  the  seond,  taking  the  estimate  as 
abscissa  and  the  frequency  of  its  occurrence  as  ordinate,  the  first 
graph  would  very  likely  show  a  better  clustering  of  the  estimates 
about  the  true  value  than  would  the  second  graph. 

\\  hat  appears  here  is  one  of  the  main  features  of  statistics  and 
can  be  expressed  for  this  particular  example  by  the  assertion  that 
while  there  is  no  justification  for  stating  that  “the  former  method 
always  yields  more  accurate  estimates  than  the  latter”,  it  is 
nevertheless  true  that,  in  the  long  run,  the  former  method  of 
estimation  is  more  precise. 

In  this  article  some  questions  confronting  the  practical  analyst 
as  well  as  the  analytical  research  chemist  are  examined  from  the 
statistical  point  of  view.  The  numerical  material  serving  as 
illustration  is  taken  entirely  from  previous  publications  in  the 
Analytical  Edition.  The  emphasis  is  upon  the  practical  sta¬ 
tistical  procedure.  Such  statistical  treatment  requires,  however, 
that  certain  underlying  assumptions  be  at  least  approximately  ful¬ 
filled;  whether  or  not  this  is  the  case  in  the  examples  treated  is 
left  out  of  consideration;  the  reader  who  is  willing  to  apply 
statistical  methods  to  the  interpretation  of  his  own  data  should, 
however,  give  some  thought  to  these  matters.  One  of  the  most 
important  of  these  underlying  assumptions — statistical  inde¬ 
pendence — is  briefly  discussed. 

ESTIMATION  AND  COMPARISON  OF  PRECISIONS 

The  precision  of  an  analytical  method,  or  more  generally  of  a 
measurement,  is  a  measure  of  its  reproducibility  within  certain 
limits  of  error. 

In  the  case  of  a  measuring  instrument,  the  precision  is  often 
expressed  by  adding  to  the  observed  value  the  symbol  “±e”,  e 
being  the  “maximum  error”. 

The  analytical  chemist,  however,  who  is  dealing  with  data  re¬ 
sulting  from  an  often  long  and  complicated  sequence  of  opera¬ 
tions,  needs  replicate  values  in  order  to  evaluate  their  precision. 
It  is  therefore  imperative  to  utilize  objective  means  for  the 
evaluation  of  a  precision  from  a  given  series  of  replicate  deter¬ 
minations. 

The  most  satisfactory  way  of  doing  this  consists  in  computing 
an  estimate  of  the  “variance”,  <r2,  which  is  the  square  of  the  more 
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commonly  used  “standard  deviation”,  a.  Before  defining  <x2,  we 
will  observe: 

1.  That  <r2  is  a  better  way  of  expressing  precisions,  even  in 
the  case  of  measuring  instruments,  than  “=■=«”,  on  account  of  the 
vagueness  of  the  “maximum  error”  concept. 

2.  That  a-2  is  a  “population  parameter”,  the  term  “popula¬ 
tion”  or  “hypothetical  infinite  population”  denoting  the  totality 
of  all  (hypothetical)  replicate  values  which  could  have  been  ob¬ 
tained  under  the  given  conditions  of  experimentation,  these  con¬ 
ditions  being  subject  to  their  ordinary  fluctuations  only. 


The  existence  of  such  a  population  is  postulated.  It  is  true  that  in 
actual  practice  an  experiment  is  never  completely  “controlled”;  the 
extent  to  which  this  circumstance  invalidates  statistical  estimates 
should  not  be  exaggerated  for  two  reasons: 

An  experiment  or  an  analysis  is  not  an  end  in  itself:  It  is  sup¬ 
posed  to  prove  or  disprove  something  or  to  lead  to  some  definite 
action.  But  any  nonstatistical  conclusion  is  just  as  much  subject 
to  the  uncertainty  resulting  from  lack  of  “control”  as  a  statistical 
one. 

The  lack  of  control  itself  can  be  statistically  detected,  and  prob¬ 
ably  better  than  by  nonstatistical  means. 

Evidently  all  knowledge  about  any  change  in  conditions  should  at 
once  be  utilized;  statistically  this  is  often  accomplished  by  sub¬ 
dividing  the  population  into  subpopulations. 

To  get  the  “true”  variance,  or  “population  variance”,  we  add 
the  squares  of  the  deviations  of  all  replicate  values  from  the 
“true”  value  (“population  mean  value”)  and  divide  by  the 
number  of  replicates.  Since  this  number  is  in  general  infinite  for 
the  total  population,  a  mathematical  limit  is  taken  and  the  sum¬ 
mation  becomes  an  integral. 

Obviously  the  population  variance  is  not  determinable  by  ex¬ 
periment;  the  best  we  can  obtain  from  a  finite  series  of  meas¬ 
urements  is  a  “sample  estimate”  of  o-2,  denoted  by  s2. 


Now,  for  several  reasons,  one  of  which  will  soon  become  ap¬ 
parent,  the  often  used  formula 


N 


Y  (x<*  —  *)2 


(A) 


where  xa  stands  for  the  ath  of  a  series  of  A  measurements  and 
x  for  their  arithmetic  mean,  suffers  from  certain  shortcomings  and 
can  very  advantageously  be  replaced- by 


N 


Y  (x<*  -  x)2 


(B) 


We  will  now  say  that: 

1..  The  sample  estimate  of  the  “true”  value  of  x  is 
Xi  +  Xi  +  .  .  .  +  Xn 


2.  The  sample  estimate  of  <r2  is 

„  (xi  —  x)2  +  (x2  —  x)2  +  .  .  .  +  ( xn  —  x)2 
s  ~  A  -  1 

3.  s2  is  estimated  with  A  —  1  degrees  of  freedom. 

The  latter  point  requires  some  clarification: 

The  measurements  X\  to  z.v  are  independent  observations, 
which  means  that  the  probability  that  any  one  of  them  has  some 
given  value  is  unaffected  by  the  values  already  found  for  the 
previous  measurements. 

There  would,  for  example,  be  lack  of  independence  if  the  eye  of  the 
experimenter  became  more  tired  as  the  number  of  observations  in¬ 
creases.  Another  example  would  be  given  by  the  drawing  of  a  slip 
from  an  urn  containing  ten  slips  marked  from  1  to  10:  Having 
drawn  slip  No.  6,  the  probability  that  any  subsequent  drawing  be 
slip  No.  6  is  zero;  in  this  case  replacement  of  the  drawn  slip  in  the 
urn  restores  independence. 

On  the  other  hand,  the  A  numbers 

Xi  —  x,  £2  —  x,  .  .  .,  xn  —  x 


Table  I.  Determination  of  Chromium  and  Nickel 


Determination  %  Cr  %  Ni 

1  28.35  17.68 

2  28.80  18.17 

3  28.80  17.42 

4  28.75  17.70 

5  29.05  17.78 

6  28.59  18.16 

7  28.75  17.70 

8  28.99  17.45 

9  28.52  17.72 

10  28.38  17.83 


are  obviously  not  independent,  since  the  knowledge  of  any  A  —  1 
among  them  yields  immediately  the  value  of  the  Ath,  as  results 
from  the  fact  that  their  sum  is  equal  to 

(xi  —  x)  +  (X2  —  x)  +  ...  +  (xN  —  x)  = 

(xi  +  £2  +.  .  .  +  xn )  —  Ax  =  Nx  —  Ax  =  0 

Therefore,  only  A  —  1  of  these  A  numbers  can  vary  freely; 
hence  the  statement  that  s2  is  estimated  with  A  —  1  degrees  of 
freedom,  and,  incidentally,  the  use  of  A  —  1  in  the  denominator 
of  s2. 

The  usefulness  of  a  “statistic” — i.e.,  a  function  of  observations 
such  as  s2  or  the  “mean”  x — as  an  estimate  of  the  corresponding 
“true  value”,  <r2  or  n,  is  necessarily  limited  by  the  inaccuracy  of 
these  estimates,  in  the  case  of  small  samples.  (“Sample”  here 
obviously  refers  to  the  statistical  concept:  a  number  of  observa¬ 
tions  from  the  same  statistical  population.)  But  the  real  justifi¬ 
cation  for  their  computation  lies  in  the  fact  that,  even  in  the  case 
of  small  samples,  they  make  it  possible  to  obtain  answers  to  a 
variety  of  problems,  known  in  statistical  terminology  as  “prob¬ 
lems  of  testing  hypotheses”. 

We  will  now  examine  some  of  these  problems  on  the  basis  of 
data  published  in  the  Analytical  Edition. 

The  data  in  Table  I  represent  10  determinations  of  chromium 
and  nickel  made  on  a  single  sample  by  a  spectrographic  method 
(1).  They  are  sufficient  material  for  the  estimation  of  the  pre¬ 
cision. 

It  will  be  extremely  helpful  always  to  keep  in  mind  the  two 
following  theorems,  when  calculating  sample  means  and  sample 
variances: 

1 .  If  a  same  constant,  c,  is  subtracted  from  A  numbers,  their 
arithmetic  mean  is  diminished  by  this  constant;  in  symbols: 

N 


Y  (*«  -  C) 


Hence, 

N 

Y 

*  =  a  =  1-^ -  +  C  (C) 

A 

2.  The  sum  of  squares  of  the  deviations  of  A  numbers  from 
their  arithmetic  mean  x  is  less  than  the  sum  of  squares  of  their 
deviations  from  any  other  number  c;  the  difference  amounts  to 
A(c  -  x)2: 

N  N 

Y  (*<«  -  *)2  =  Y  (Xa  ~  c)2  ~  N('c  ~  (D) 

a  =  1  a  =  1 

Those  two  formulas  constitute  a  considerable  simplification  in 
the  calculations,  provided  constant  c,  which  is  arbitrary,  be  chosen 
as  a  round  number  near  a  roughly  estimated  mean.  In  this  case 
we  might  take 


and 


c  =  28.50  for  chromium 
c  =  17.70  for  nickel 


Table  II  exhibits  the  calculations. 


April,  1945 
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The  author  of  the  method  obtained  for  the  values  of  s: 


For  chromium:  s  =  0.223 
For  nickel:  s  =  0.237 


Th6  difference  arises  from  his  use  of  N  instead  of  N  —  1  in  the 
denominator  of  s2. 

In  the  last  paragraph  of  the  paper  considered,  data  are  given 
representing  the  “%  deviations”  obtained  by  means  of  7  deter¬ 
minations  on  the  same  sample  by  chemical  methods.  If  we 
consider  that  they  were  calculated  as 


%  deviations  -  SSHS!  x 

i  7  %  Cr  or  Ni 

we  find  for  s2  (as  we  defined  it) : 

„2  _  sum  of  squares  f  (%  deviations)  X  (%  Cr  or  Ni)“| 2  7 

6  -  L - 100 - J  X  6 

Hence, 

For  chromium:  |^-'71  *q^8'698J3  X  g  =  0.2814 

For  nickel:  [°89  f^7'761]’  X  ?  -  0.0291 

All  these  values  are  mere  sample  estimates  of  the  variances. 
It  follows  that  any  inference  concerning  the  relative  precision  of 
the  corresponding  methods  must  take  into  account  their  possible 
fluctuations.  In  other  words:  how  different  must  two  such 
values  be  in  order  to  justify  the  assertion,  made  in  the  prob¬ 
ability  sense,  that  one  method  is  more  precise  than  the  other? 

The  answer  is  given  by  the  examination  of  the  ratio  of  the  two 

(sample  variances  in  question. 

Let  us  first  compare  the  two  spectrographic  determinations; 
we  found: 

For  chromium:  s2  =  0.05567;  call  this  Si2 
For  nickel:  s2  =  0.06225;  call  this  s22 

Taking  the  greater  of  the  two  in  the  numerator  and  calling  the 
ratio  F,  we  find : 


F  _  s22  _  0.06225 
si 2  0.05567 


1.118 


It  is  immediately  clear  that  the  closer  this  value  is  to  1,  the 
more  plausible  will  be  the  hypothesis  that  the  two  population 
variances  are  equal,  and  hence  the  precisions  equal.  But  what 
exactly  would  be  called  “very  close  to  1”?  In  order  to  find  an 
answer  to  this  question  we  have  to  introduce  an  assumption  con- 


Table  II.  Calculations 


a 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

~  c) 

a 

^(xa  -  c)i 


Chromium 


xa  —  C 

(xa  —  c)  2 

-0.15 

0.0225 

0.30 

0.0900 

0.30 

0.0900 

0.25 

0.0625 

0.55 

0.3025 

0.09 

0.0081 

0.25 

0 . 0625 

0.49 

0.2401 

0.02 

0.0004 

-0.12 

0.0144 

1.98 

0.8930 


Nickel 


xa  —  c 

(.xa  —  c )  2 

-0.02 

0.0004 

0.47 

0 . 2209 

-0.28 

0 . 0784 

0.00 

0.0000 

0.08 

0.0064 

0.46 

0.2116 

0.00 

0.0000 

-0.25 

0.0625 

0.02 

0.0004 

0.13 

0.0169 

0.61 

0.5975 


Sample  mean  =  (1.98/10)  +  28.50 
=  28.698 
>um  of  squares 
=  0.8930  -  (10)  (0.198)  2 
=  0.5010 

2  =  0.5010/(10  -  1)  =  0.05567 
=  x/0.05567  =  0.236 


Sample  mean  =  (0.61/10)  +  17.70 
=  17.761 
Sum  of  squares 

=  0.5975  -  (10) (0.061)2 
=  0.5603 

s 2  =  0.5603/(10  -  1)  =  0.06225 
s  =  V  0.06225  =  0.250 


cerning  the  nature  of  the  experimental  errors  affecting  our  data: 
We  will  assume  that  these  errors  follow  the  “normal  law  of 
errors” — i.e.,  that  their  probability  distribution  is  the  “normal 
distribution”.  (In  addition  to  this  we  assume,  of  course,  “inde¬ 
pendence”  of  the  data  in  the  sense  previously  defined.)  The 
statistical  analysis  then  proceeds  as  follows : 

One  starts  by  assuming  that  the  two  population  variances  are 
equal — i.e.,  that  the  “hypothesis”  is  true.  Then  Si2  and  s22  are 
estimates  of  a  same  population  variance,  <r2.  On  the  basis  of  this 
assumption  and  on  the  “normality”  of  the-error  distribution,  it  is 
now  possible  to  calculate  the  probability  that  their  ratio  will  have 
any  preassigned  (positive)  value.  Some  of  these  values,  distant 
from  the  number  1,  will  have  small  probabilities  of  occurrence. 
The  generally  adopted  procedure  then  consists  in  rejecting  the 
hypothesis — equality  of  the  two  population  variances — when¬ 
ever  the  found  ratio  is  one  of  these  values  of  low  probability, 
more  exactly  if  it  belongs  to  that  “tail  of  the  probability  curve”, 
of  which  all  the  values  taken  together  have  a  total  probability  of 
say,  only  5%. 

Such  a  “tail”  or  region  of  rejection  is  called  “critical  region”, 
and  its  probability  is  named  “level  of  significance”. 


From  a  practical  point  of  view,  the  value  of  this  test  can  be  de¬ 
scribed  as  follows: 

Suppose  that  a  statistician,  who  is  often  confronted  with 
questions  of  this  type,  consistently  bases  his  decision  on  the  ap¬ 
plication  of  this  test,  using  every  time  the  same  level  of  signifi¬ 
cance,  say  5%;  it  will  then  occasionally  occur  that  he  rejects  a 
hypothesis  which  happened  to  be  true;  but  the  probability  for 
this  being  5%,  the  fraction  of  such  cases  of  erroneous  statements 
will  actually  tend  to  5%,  as  the  number  of  decisions  increases  in¬ 
definitely.  This  does  not  mean  that  95%  of  his  decisions  will  be 
correct;  indeed,  another  type  of  wrong  decision  will  arise  every 
time  the  statistician  “accepts”  a  hypothesis  which  happens  to  be 
false. 

It  is  customary,  in  most  applications  of  statistics,  to  fix  a  priori 
the  probability  of  the  “type  I  error” — i.e.,  the  rejection  of  a  true 
hypothesis;  our  test  can  then  be  proved  to  assure  a  minimum 
for  the  probability  of  the  “error  of  the  second  kind” — i.e.,  ac¬ 
cepting  a  false  hypothesis. 

The  critical  value  of  F — i.e.,  the  value  of  F  at  which  the  criti¬ 
cal  region  starts — has  been  tabulated  for  the  various  degrees  of 
freedom  in  both  numerator  and  denominator  and  for  various 
levels  of  significance,  the  levels  5%  and  1%  being  the  most 
widely  used  (3,  6) . 

It  will  be  easily  understood  that  there  are  actually  two  critical 
regions,  corresponding,  respectively,  to  the  highest  and  lowest 
values  of  F ;  the  tables  indicate  that  the  “greater  mean 
square” — i.e.,  the  greater  variance  of  the  two — be  taken  in  the 
numerator  of  F ;  then  only  the  upper  tail  must  be  considered 
as  region  of  rejection,  but  in  this  case  a  5%  level  actually 
changes  into  10%,  and  a  1%  level  becomes  2%,  since  one  half 
of  all  possible  values  of  F  have  been  eliminated. 

Let  us  now  return  to  our  numerical  example: 

Both  the  numerator  and  the  denominator  have  9  degrees  of 
freedom. .  The  table  shows  us  that  this  ratio  F  ‘  ‘with  9  degrees  of 
freedom  in  the  numerator  and  9  degrees  of  freedom  in  the  de¬ 
nominator”  becomes  significant  for  Fc  =  3.18  if  we  choose  the 
5%  level  of  significance,  or  for  Fc  =  5.35  on  the  1%  level  of  sig¬ 
nificance.  We  have  already  seen  that  by  taking  the  greater  mean 
square  consistently  in  the  numerator,  these  levtls  become  10  and 
2%. 

According  to  the  foregoing  developments,  these  values  are  to 
be  interpreted  as  follows: 

If  the  “true”  variances  were  actually  the  same  for  chromium 
and  nickel,  then  the  sample  fluctuation  of  their  estimates,  s2, 
obtained  each  with  9  degrees  of  freedom,  would  cause  their  ratio 
F  to  be  greater  than  3.18  in  10%  of  all  cases,  and  greater  than 
5.35  in  only  2%  of  all  cases.  Consequently,  if  we  reject  this 
hypothesis — the  equality  of  the  true  variances — whenever  F  > 
3.18,  we  will,  in  the  long  run,  commit  a  type  I  error  10  times  in  a 
hundred.  We  could  reduce  this  risk  to  2%  by  choosing  the 
critical  value  Fc  =  5.35,  but  in  that  case  increase  the  risk  of  the 
type  II  error — i.e.,  of  considering  as  identical,  precisions  which 
are  actually  different. 
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Our  numerical  example  gives  a  value  for  F  far  below  both  tabu¬ 
lated  values:  We  will  say  that  “F  is  not  significant”  (on  either 
level  of  significance),  which  means  that  the  evidence  from  this 
experiment  is  insufficient  to  detect  any  difference  in  precision 
between  the  two  spectrographic  methods,  on  either  level  of  sig¬ 
nificance.  We  would  probably  have  anticipated  this  result  from 
the  very  nature  of  the  spectrographic  analysis. 

If  then,  consistently  with  this,  we  attribute  the  same  variance 
to  both  methods,  we  will  obtain  a  better  estimate  for  this  com¬ 
mon  variance  by  adding  the  sums  of  squares  and  dividing  by 
the  sum  of  degrees  of  freedom: 

,  0  5010  +  0-5603  _  „  0590 
9  +  9 

(Whenever  a  variance  is  to  be  estimated  from  a  set  of  data  which 
can  be  apportioned  among  several  groups  with  different  popula¬ 
tion  means,  this  procedure  should  be  used.  The  number  of  de¬ 
grees  of  freedom  is  the  difference  between  the  total  number  of 
observations  and  the  number  of  groups.) 

This  estimate  is  now  based  on  18  degrees  of  freedom,  and 

measures  the  precision  (or  rather  the  lack  of  precision)  of  the 

spectrographic  method.  In  exactly  the  same  way,  we  can  now 

compare  the  precisions  of  the  spectrographic  method  and  the 

chemical  methods.  We  thus  obtain: 

_  ,  w  0.2814  __ 

For  chromium:  t  =  q  q^qq  = 

while  the  F  table,  for  6  and  18  degrees  of  freedom,  gives 

2.66  for  the  10%  level 
4.01  for  the  2%  level 

We  conclude  that  F  is  significant  (even  on  the  2%  level)  and 
consequently  consider  the  spectrographic  procedure  as  definitely 
more  precise  than  the  chemical  procedure  for  chromium. 

For  nickel:  F  =  =  2.03 

The  relevant  table  values  are  the  same  as  above.  Here  F  is 
not  significant;  there  is  consequently  no  reason  to  consider 
either  of  the  two  methods — spectrographic  and  chemical  for 
nickel — more  precise  than  the  other. 

It  will  now  be  apparent  that  the  use  of  N  —  1  as  the  number  of 
degrees  of  freedom  in  the  denominator  of  an  estimated  variance 
is  but  a  special  case  of  the  more  general  situation  referred  to  in 
the  note  just  above;  its  merits  become  evident  when  the  vari¬ 
ance  estimate  is  to  be  used  in  a  test  of  significance. 

ESTIMATION  OF  THE  ACCURACY  OF  A  SERIES  OF  MEASUREMENTS 

It  is  a  commonly  known  fact  that  some  analytical  methods 
yield  very  close  results  on  replication  and  are  nevertheless  faulty: 
This  is  the  case  wherever  a  systematic  error,  affecting  equally 
all  replicates,  is  present.  From  the  statistical  point  of  view  we 
can  consider  such  cases  as  being  obtained  by  a  horizontal  shift- 


Table  III.  Determination  of  o-Cresol  in  Phenol 


Composition 
of  Sample, 

.  No.  of 

Mean  of 

Calculated 

Cresol 

Determinations 

Determinations 

Cloud  Point 

% 

°  C. 

°  C. 

0.00 

10 

66.39 

66.40 

0.00 

5 

66.41 

66.40 

0.45 

10 

67.00 

67.00 

0.67 

5 

67.36 

67.29 

1.03 

10 

67.70 

67.77 

1.37 

10 

68.19 

68.22 

1.46 

10 

68.33 

68.34 

2.08 

10 

69.18 

69.16 

2.33 

10 

69.40 

69.49 

2.83 

10 

70.23 

70.15 

3.43 

10 

70.77 

70.81 

4.17 

10 

71.59 

71.68 

4.71 

10 

72.34 

72.31 

5.59 

10 

73.42 

73.33 

Table  IV.  Calculations 


Wa  Sa  X  102 

Wa5a  X  102  Wa 

x  C 

10 

1 

10 

10 

5 

-1 

-  5 

5 

10 

0 

0 

0 

5 

-7 

-35 

245 

10 

7 

70 

490 

10 

3 

30 

90 

10 

1 

10 

10 

10 

-2 

-20 

40 

10 

9 

90 

810 

10 

-8 

-80 

640 

10 

4 

40 

160 

10 

9 

90 

810 

10 

-3 

-30 

90 

10 

-9 

-90 

810 

=  130 

2Wa6 

«  X  IQ2  =  80  21Va5£  X  10<  = 

4210 

Mean  value  of  6 

=  a  =  0.80/130  =  0.00615 

Sum  of  squares 

=  0.4210  - 

(0.00615)  X  (0.80)  =  0.416 

Variance  of 

=  0.416/13  - 

=  0.032  (13  degrees  of  freedom) 

Variance  of  5 

=  0.032/130 

=  0.000246“ 

Standard  deviation  of  S  =  \/ 0.000246  —  0.0157 

t  =  -  =  0.00615/0.0157  =  0.391 
sS 

The  table  giving  the  probability  distribution  of  “student’s  t"  (2,  3)  shows 
that  the  probability  of  a  greater  value  of  f,  in  the  case  of  13  degrees  of  free¬ 
dom,  is  0.7. 

Conclusion,  t  is  not  significant. 

a  The  variance  of  the  arithmetic  mean  of  N  independent  observations  of 
same  precision  equals  one  iVth  of  the  variance  of  a  single  observation;  this 
is  a  simple  consequence  of  the  following  two  important  theorems: 

1.  The  variance  of  an  algebraic  sum  of  several  independent  observations 
equals  the  arithmetic  sum  of  their  variances. 

2.  The  variance  of  a  product  of  a  variable  by  a  constant  equals  the 
variance  of  this  variable,  multiplied  by  the  square  of  the  constant. 


ing  of  the  distribution  function:  The  frequency  of  occurrence  ol 
any  particular  value  x  becomes  the  frequency  of  occurrence  of  the 
value  x  +  E,  where  E  is  the  same  constant  for  all  values  x,  and 
represents  the  magnitude  of  the  systematic  error,  also  called  bias. 
The  population  mean,  instead  of  representing  the  true  value, 
now  represents  the  “true  value  plus  systematic  error”.  The 
accuracy  of  the  method  can  now  be  expressed  by  the  smallness 
of  this  bias.  Evidently  the  variance  is  still  a  valid  measure  foi 
the  precision,  but  the  mean  fails  to  represent  the  “true  value”. 

How  are  we  to  test  the  accuracy  of  a  method? 

It  is  at  once  clear  that  from  the  sole  knowledge  of  a  series  oi 
measurements  belonging  to  the  same  statistical  population  it  is 
impossible  to  state  anything  about  the  accuracy.  We  neec 
some  means  of  comparison:  either  the  true  value  itself  or  a  series 
of  corresponding  measurements,  obtained  by  a  different  method 
of  known  accuracy. 

As  an  example  consider  the  interesting  determination  of  o- 
cresol  in  phenol  by  a  cloud-point  method  (5).  Table  III  con¬ 
tains  the  data  given  by  the  authors. 

Our  problem  is  to  ascertain  the  accuracy  of  the  values  givei 
in  the  column  “calculated  cloud  points”,  by  comparing  then 
with  the  corresponding  accurate  values  in  the  column  “mean: 
of  determinations”,  keeping  in  mind  that  the  latter  mentionec 
data  are  not  the  original  observations,  but  rather  means  of  vary 
ing  numbers  of  determinations  as  indicated  in  column  2. 

Therefore,  in  evaluating  the  average  deviation  of  a  single  ob 
servation  from  its  “calculated”  value,  we  will  “weight”  the  ob 
served  deviations,  5,  before  summation,  as  indicated  in  the  thin 
column  of  Table  IV.  This  average,  denoted  by  8  and  found  t< 
be  equal  to  0.00615,  is  a  measure  of  the  systematic  error,  E,  whicl 
possibly  affects  the  “calculated”  values. 

But  are  we  really  justified  in  regarding  this  small  value  as  i 
systematic  error?  Could  it  not  just  be  a  sampling  error,  and  ou 
method  perfectly  accurate? 

The  clue  to  the  answer  lies  in  the  following  fact:  The  bias,  E 
affects  equally  all  the  differences,  5,  between  columns  3  and  4  o 
Table  III  (and  consequently  also  their  average,  5);  therefor 
the  variability  of  5,  as  expressed  by  its  variance  or  its  standar 
deviation,  is  not  affected  by  E.  If  we  therefore  consider  th 
ratio  Z  of  |s|  to  its  standard  deviation  a },  we  will  conclude  tha 
only  the  numerator  is  affected  by  E,  and  consequently  the  valu 
found  for  this  ratio  is  indicative  of  the  magnitude  of  E.  In  pai 
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ticular,  a  high  value  of  t,  having  a  low  probability  of  occurrence 
when  E  —  0,  makes  the  alternative  hypothesis  E  9^  0  more 
credible.  The  test  will  thus  consist  in: 

1.  Assuming  momentarily  that  E  =  0  (no  bias;  method  ac¬ 
curate) 

2.  C  alculating  on  this  basis  (and  on  the  assumption  of  “nor¬ 
mality  and  “independence”  of  the  errors)  the  probability  of  ob¬ 
taining  a  value  of  a,  as  high  as  or  higher  than  0.00615,  using  the 
square  root  of  the  sample  variance  as  a  means  of  comparison 

3.  Rejecting  the  hypothesis  E  —  0,  if  this  probability  is  low 
say  <5% 

The  step  outlined  in  (2)  makes  use  of  “student’s  t  distribution” 
(2,  3),  a  modification  of  the  normal  distribution  when  the  vari¬ 
ance,  instead  of  being  known,  is  estimated  from  the  sample,  and 
consequently  likewise  subject  to  sampling  errors.  This  estimate 
of  the  variance  would  have  been  obtained  by  the  formula 

N 

£  (aS  ~  iV 2 


f  we  had  single  observations  in  column  3  (Table  III).  But  be- 
:ause  they  are  means  of  several  observations,  this  formula  must 
lere  be  modified  by  the  introduction  of  the  “weight  factors”,  Wa, 
ind  becomes: 


N 

£  II  {a&ot  ~ i)2 

,  a  =  1 

*  “  N  —  l  (E) 

Which  can  easily  be  shown  to  be  equivalent  to: 

N  N 

£  11  a  a~~  5  II  a5ci 


This  justifies  the  calculation  of  the  values  in  column  4  of  Table 
\ ,  the  third  column  being  alreadt-  necessary  for  the  evaluation 
f  the  “weighted”  mean,  d. 

Let  us  now  interpret  these  results: 

Y\  e  find  t  =  0.391 ;  and  the  table  shows  that  the  probability  of 
btaining  t  >  0.391  is  equal  to  0.7.  In  other  words,  in  70%  of 
11  cases  where  E  =  0  we  would  still  have  found  a  sample  esti- 
iate  of  t,  at  least  as  great  as  0.391.  It  is  clear  that  in  view  of 
fis  result  we  cannot  consider  this  value  as  a  systematic  error, 
similar  situation  would  arise,  for  example,  if  it  were  required 
,)  evaluate  the  difference  between  two  weights,  measured  to  1 
;g.  and  differing  by  less  than  1  mg. :  The  precision  of  the  data  is 
mply  insufficient  to  detect  any  difference  between  them.  Like- 
tse,  in  our  case,  all  we  can  state  is  that  the  precision  of  our  data 
insufficient  to  detect  a  systematic  error;  within  its  precision, 
lie  method  is  accurate. 

This  conclusion  differs  somewhat  from  that  reached  by  the 
ithors  of  the  method;  they  conclude  that  “.  .  .  the  precision  is 
Tittle  better  than  the  accuracy”.  It  would  lead  us  too  far  to 
yscuss  the  inadequacy  of  the  sort  of  reasoning  which  led  them  to 
at  conclusion.  Let  us  only  point  out  that  there  still  remains 
e  question  of  how  much  worse  the  accuracy  should  be  as  com- 
ired  with  the  precision,  in  order  to  consider  the  method  as  in- 
curate,  a  question  to  which  the  foregoing  statistical  treatment 
A’es  a  complete  answer  from  the  probability  point  of  view. 

CONFIDENCE  LIMITS  (7) 

The  example  just  discussed  lends  itself  to  the  introduction  of 
■  important  concept. 

Assume  that  the  data  in  the  last  column  of  Table  III  were  all 
greased  with  one  unity,  thus  reading  67.40,  67.40,  68.00,  etc 
•  nas  already  been  mentioned,  and  can  easily  be  verified  by  the 
'icier,  that  this  would  not  affect  Sj.  which  would  still  be  0.0157. 


On  the  other  hand  a  would  become  a  +  1 — i.e.,  1.00615. 
would  then  find  for  t: 


1.00615 

0.0157 


64.0 


We 


The  t  table  shows  that  the  probability  of  obtaining  this  value 
or  more  as  mere  sampling  error  is  appreciably  less  than  0.001. 
In  this  case,  therefore,  the  value  1.00615  would  be  an  estimate 
for  a  systematic  error,  E. 

However,  while  it  is  true  that  this  value  cannot  very  likely  be 
attributed  to  the  mere  effect  of  sampling  errors,  we  must  not  for¬ 
get  that  part  of  it  can  be  due  to  such  causes,  or  that  it  can  be 
smaller  than  the  “true”  systematic  error  by  such  a  sampling  error. 

If  the  highest  value  of  t  which  we  are  still  willing  to  attribute 
solely  to  sampling  errors  is  taken  as  that  value  for  which  the 
probability  of  obtaining  a  higher  t  is  equal  to  0.05,  or  any  other 
fixed  value,  then  a  range  of  confidence  can  be  found  for  the  sys¬ 
tematic  error. 

In  our  case,  for  13  degrees  of  freedom,  the  table  gives  for  the 
critical  value  of  t,  corresponding  to  a  5%  level:  t  -  2.16.  Since 
t  =  s/sj,  this  gives  for  the  corresponding  s: 

a  =  2.16  X  0.0157  =  0.034 

This  is  the  highest  value,  which,  according  to  our  assumption, 
can  be  due  to  sampling  errors.  Therefore,  we  obtain  “confidence 
limits”  for  E  by  subtracting  and  adding  this  value  to  1.00615: 

1.00615  -  0.034  =  0.97215 

1.00615  +  0.034  =  1.04015 

The  interval  0.97  to  1.04  is  called  confidence  interval. 

The  fact  that  the  table  value  of  t  involved  in  this  calculation 
corresponded  to  a  probability  of  0.09  is  expressed  by  the  state¬ 
ment  that  the  confidence  coefficient  associated  with  this  confi¬ 
dence  interval  is:  1.00  —  0.05  =  0.95. 

In  conclusion,  if  all  data  in  the  last  column  of  Table  III 
were  increased  with  one  unity,  there  would  be  a  rather  definite 
indication  of  an  existing  systematic  error,  E.  The  value  of  E 
could  then  be  considered  to  be  somewhere  in  the  interval  0.97 
to  1.04,  with  a  confidence  coefficient  of  0.95. 


Table  V.  Determination  of  Lead 


Material 

Amount  of 
Sample 

MgCOa 

Grams 

2.0 

ZnO 

0.1 

Zn  stearate 

0.5 

Ocher 

0.1 

CaCOs 

5  0 

Ti02 

0.2 

Talc 

2.0 

Kaolin 

0.5 

BaSOi 

1.0 

Lead 

Lead 

in 

Sample 

in 

Blank 

Microgra 

ms 

7.8 

8.0 

2  2 

2.5 

2.9 

2.9 

1 1 4 

1.2 

9.2 

8.4 

2.3 

2.0 

4.2 

3.6 

0.2 

0.2 

5.4 

5.0 

5.0 

4.6 

14.6 

14.0 

3.6 

3.4 

18.0 

16.3 

14.8 

14.1 

14.8 

14.0 

6.0 

5.1 

27.0 

27.4 

3.0 

2.6 

Nothing  prevents  us  from  calculating  confidence  limits  for  the 
data  as  given  in  Table  III,  but  the  lower  confidence  limit  will 
then  be  negative;  thus  the  confidence  interval  would  include  the 
number  0,  indicating  that  the  value  found  for  E  is  not  signifi¬ 
cantly  different  from  0 — i.e.,  that  on  the  basis  of  the  chosen  con¬ 
fidence  coefficient,  it  pan  be  considered  as  a  sampling  error  cor¬ 
responding  to  a  true  value  equal  to  0. 

The  concept  of  confidence  limits,  or  fiducial  limits,  as  they  are 
often  called,  can  be  further  illustrated  by  an  example  taken  from 
quantitative  microanalysis. 

Table  V  contains  results  obtained  by  Schultz  and  Goldberg 
(4)  in  a  study  of  the  dithizone  method  for  the  determination  of 
traces  of  lead. 

As  usual,  the  actual  amount  of  lead  in  the  sample  is  obtained 
by  converting  to  1  gram  of  sample  the  difference  between  the 
mean  values  in  sample  and  blank. 

It  is,  however,  immediately  apparent  from  these  data,  that 
whereas  it  may  be  reasonable  to  ascribe  2.78  p.p.m.  of  lead  to 
the  sample  of  magnesium  carbonate,  the  result  0.08  p.p.m.  of 
lead  obtained  in  the  case  of  calcium  carbonate  deserves  little 
confidence,  the  blank  being  of  the  same  order  of  magnitude  as 
the  sample  value. 

Therefore  the  following  two  problems  arise:  (a)  to  calculate 
confidence  limits  corresponding  to  some  specified  confidence  co- 
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Table  VI.  Determination  of  Lead 

Material 

Lower  Limit 

Upper  Limit 

Central  Value 

MgCOs 

2.39 

3.16 

2.78 

ZnO 

11.7 

20.3 

16.0 

Zn  stearate 

9.6 

17.0 

13.3 

Ocher 

24.1 

49.9 

37.0 

CaCOs 

-  0.16 

0.32 

0.08 

TiOs 

47.1 

60.9 

54.0 

Talc 

-  0.63 

3.33 

1.45 

Kaolin 

12.5 

22.9 

17.7 

BaSC>4 

23.2 

25.6 

24.4 

efficient — i.e.,  a  probability  indicating  in.  what  fraction  of  cases 
the  confidence  interval  will,  in  the  long  run,  actually  cover  the 
true  value;  and  (6)  to  judge,  in  any  given  case,  whether  the  re¬ 
sult  is  significantly  different  from  0. 

The  t  test  is  here  appropriate  and  will  provide  an  answer  to 
both  questions.  Thus  for  magnesium  carbonate  (first  item  in 
Table  V)  we  find: 

Mean  of  sample  determinations  =  x  =  7 . 9  1  difference^  d  = 

Mean  of  blank  determinations  =  y  =  2.35jx  —  y  =  5.55 


We  conclude  that  d  is  significantly  different  from  0.  Confi 
dence  limits  for  d  are  found  as  follows : 

Table  value  for  t  corresponding  to  P  =  0.05:  t  =  4.30 

(0.18)  X  (4.30)  =  0.77 

/  5.55  -  0.77  =  4.78 
(5.55  +  0.77  =  6.32 

Finally,  for  1  gram  of  magnesium  carbonate,  the  limits  are: 

2.39  and  3.16  p.p.m.  of  Pb 

Results  obtained  in  a  similar  fashion  for  the  eight  other  item 
together  with  the  corresponding  central  values,  are  given  i 
Table  VI. 

It  is  seen  that  in  the  case  of  calcium  carbonate  and  talc  th 
lower  limit  is  negative;  the  interval  includes  0,  which,  as  w 
know,  is  to  be  interpreted  as  indicating  that  the  observed  diffe: 
ence  in  p.p.m.  of  lead  between  sample  and  blank  is  not  sigmf 
cantly  different  from  0.  In  other  words,  there  is  no  evidenc- 
on  the  5%  level  of  significance,  for  considering  the  sample  as  coi 
taining  more  lead  than  the  blank. 


Estimate  of  variance  for  a  single  determination : 
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Colorimetric  Estimation  of  Aluminum  in  Aluminum  Steel 

C.  HOWARD  CRAFT  AND  G.  R.  MAKEPEACE,  Manasco  Manufacturing  Company,  Burbank,  Calif. 


A  method  is  presented  for  the  colorimetric  estimation  of  acid-soluble 
aluminum  in  steel  by  means  of  ammonium  aurintricarboxylate  in  the 
range  from  0.04  to  1.5%  aluminum.  Experimental  data  are  given 
concerning  the  factors  governing  the  formation,  stability,  and  re¬ 
producibility  of  the  aluminum  color.  The  interference  of  other 
elements  commonly  found  in  steel  or  likely  to  be  introduced  during 
the  analysis  is  discussed  in  detail.  The  method  is  rapid,  and  the  ac¬ 
curacy  obtained  is  equal  to  that  of  routine  gravimetric  procedures. 

PRESENT  methods  for  the  estimation  of  aluminum  in  steel 
are  slow,  even  for  experienced  analysts.  Accurate  results 
may  be  obtained  by  repeated  determinations,  using  elaborate 
precautions,  but  for  routine  analysis  such  time-consuming  dupli¬ 
cations  are  often  impractical.  This  research  was  undertaken  to 
develop  a  rapid  method  which  could  be  used  as  a  routine  proce¬ 
dure  by  commercial  or  industrial  laboratories,  and  would  be 
capable  of  reasonable  accuracy  in  the  hands  of  an  average  labora¬ 
tory  technician.  A  colorimetric  method  seemed  indicated. 

The  dyestuff  ammonium  aurintricarboxylate,  aluminon,  has 
been  used  as  a  confirmatory  test  for  aluminum  (2,  6)  and  for  the 
estimation  of  aluminum  in  nonferrous  alloys  and  in  water  (15). 
With  aluminum  salts  in  weakly  acidic  solutions  it  precipitates  a 
bright  red  lake.  In  extremely  small  amounts,  however,  the  lake 
takes  the  form  of  a  stable  sol,  which  may  be  used  for  colorimetric 
estimation  of  the  aluminum  concentration.  Because  of  its  .wide¬ 


spread  use  and  ready  availability,  and  since  other  reagen 
seemed  to  offer  no  distinct  advantages,  aluminon  was  used  f 
this  method.  The  method  has  been  found  satisfactory  for  st( 
containing  not  more  than  2%  chromium.  More  than  norn 
care  should  be  taken  to  avoid  contamination- by  using  high-puri 
reagents  and  distilled  water  in  all  cases.  The  use  of  Pyrex  v( 
sels  is  recommended. 

SOLUTIONS  REQUIRED 

Aluminon  Solution  0.100%.  Dissolve  0.100  gram  of  al 
minon  in  water,  add  10  ml.  of  10%  benzoic  acid  in  methanol  a 
dilute  to  100  ml.  Allow  to  stand  3  days  before  using. 

Gelatin  1%.  Dissolve  1  gram  of  Knox  gelatin  in  water 
heating  nearly  to  boiling,  cool,  add  10  ml.  of  10%  benzoic  at 

in  methanol,  and  dilute  to  approximately  100  ml. 

Buffer  Solution.  Mix  approximately  470  ml.  of  lo  A  a 
monium  hydroxide  and  430  ml.  of  glacial  acetic  acid.  Cool 
room  temperature,  and  add  more  acid  or  base  as  necessary 
adjust  to  pH  5.25  to  5.35  when  diluted  1  to  20.  Dilute  to  1  lit 

Aluminon  Composite.  Prepare  by  mixing  equal  volumes 
the  above  solutions.  The  composite  may  be  prepared  in 
freshly  prepared  0.1%  aluminon  solution,  but  should  not  be  us 
for  3  days  from  the  time  of  preparation  of  the  0.1%  aluminon. 

METHOD 

Dissolve  a  0.5-gram  sample  of  steel  in  5  ml.  of  60%  perchlo 
acid  and  5  ml.  of  8  N  nitric  acid.  Some  steels,  particularly  tin 
containing  very  little  chromium,  may  dissolve  more  rapidly 
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LUGV£L£HG  TH  (m^) 

Figure  1.  Interference  Curves  for  Aluminum,  Iron,  Chromium, 
and  a  Blank  under  Conditions  of  Method 

Concentrations  refer  to  aliquot 


ntric  acid  alone.  Perchloric  acid  is  recommended  to  dehydrate 
md  precipitate  silica.  Tungsten  will  also  precipitate  at  this 
joint.  When  the  sample  is  decomposed,  evaporate  nearly  tc 
Iryness.  Add  25  ml.  of  water  and  10  ml.  of  12  N  hydrochloric 
,heiat  boiling,  and  filter,  using  a  rapid  filter  paper.  Wash 
vith  hot  water  until  the  washings  are  colorless,  adding  these  to  the 
titrate.  Hot  dilute  hydrochloric  acid,  used  alternately  with  hot 
rater,  may  be  desirable  for  washing,  especially  if  tungsten  is 
.resent.  Evaporate  the  filtrate  to  20  ml.  or  less  and  cool  to  room 
emperature. 

Transfer  the  solution  to  a  separatory  funnel  and  make  the 
o  tou6  jUSt ??  •  ^Yltb  b  N  hydrochloric  acid.  Add  10  ml.  of 

#  hydroehlonc  add  and  30  ml.  of  isopropyl  ether,  using  these 
dditions  to  wash  the  original  vessel.  Because  of  the  small 
olume  and  the  critical  nature  of  the  hydrochloric  acid  concen- 
ration  in  the  iron  extraction,  care  should  be  used  to  avoid  loss 
nd  errors  in  volume.  Shake  cautiously,  cooling  if  necessary, 
o  keep  the  temperature  below  30°  C.,  and  release  the  pressure, 
■hake  vigorously  for  about  10  seconds  and  allow  the  layers  to 
sparate  completely.  Draw  off  the  aqueous  layer  into  a  second 
,~paratory  funnel.  Wash  the  ether  layer  with  2  ml.  of  8  N  hv- 
rochlonc  acid  and  add  the  acid  to  the  aqueous  layer.  Repeat 

fce^aCi10n.  ,W1Ce’  U-S1,ng  10  ml-  of  ether  and  washing  with  1  ml. 
s  N  hydrochloric  acid.  (The  ether  may  be  reclaimed  by  wash- 
ig  with  water  to  remove  the  iron.)  The  third  ether  layer  should 
t?mC,w°K 688  lf.  fhe  iron  ,1S  sufficiently  well  extracted.  This  test 
'no  i  d  be  us.cd  f°r  completeness  of  the  extraction,  since  the  aque- 

lMnr!,rriW1  C?!0retl  in  alW  case-  In  the  absence  of  other 
ed  elements,  the  aqueous  layer  remains  slightly  yellow. 
Cautiously  boil  the  aqueous  layer  to  eliminate  ether  and  add 
mi  of  60%  perchloric  acid  and  5  ml.  of  6  N  nitric  acid.  Evapo- 
•;Lt0  Pueblo™  acid  fumes  and  fume  until  any  chromium  is  oxi- 

dnino-  C°01  Td  add  25  m  '  °1  water-  (In  the  case  of  steels  con- 
uning  very  large  amounts  of  silicon,  the  silica  may  not  have 
;en  completely  precipitated  during  the  first  treatment  with  per- 
h  -If  S1.hca  Precipitates  during  the  second  treatment 

rntraliSn"  n  ’  f  r,emoved  bY  filtration  before 

riPntrff  i  f°Un  j  th^t  Slhca  coprecipitates  aluminum 

iJrt  i  fnd  s.figbtly  acid  solutions  so  completely  that  the 
tered  solution  gives  no  aluminon  test  for  aluminum.)  Neutral- 
'  ™  wdb  ammonium  hydroxide.  If  a  precipitate  forms, 
Id  just  enough  6  N  hydrochloric  acid  to  dissolve  it.  Dilute  to  a 

in  0  nn^°t^enneeCted  ?°  ,tbat  a  aliquot  portion  will  con- 
01  tS°n  n?  °-008,mg-  oi.  aluminum.  Withdraw  by  pipet  5  ml. 
jl  ,  °I  aluminum)  of  the  diluted  solution  to  a  care- 

W  cleaned  Pyrex  vessel.  [Olsen,  Gee,  and  McLendon  (7) 


have  reported  some  interesting  experiments  on  methods  of  clean- 
mg  rfac.t10?  vessels  and  their  effects  on  the  results.  They  recom¬ 
mend  dipping  in  hot  chromic  acid  cleaning  solution,  followed  by 
a  water  rinse,  an  alkaline  cleaner,  and  distilled  water.  For  the 
present  method,  cold  chromic  acid  cleaning  solution  was  followed 
by  distilled  water.  The  results  obtained  by  the  procedure  are 
satisfactory  and  the  time  required  is  less  than  for  the  above 
method.  ] 

Add  15  ml.  of  the  aluminon  composite  reagent.  Place  in  a 
water  bath  at  90°  to  100°  C.  for  10  minutes,  remove,  and  allow 
to  stand  at  room  temperature  for  approximately  10  minutes. 
Dilute  to  100  ml.  and  compare  the  transmittance  at  525  m/z  with 
that  of  pure  water.  The  amount  of  aluminum  can  be  found  by 
means  of  a  transmittance  vs.  aluminum  concentration  curve. 

DISCUSSION 

In  order  to  find  the  correct  wave  length  for  color  comparison, 
a  wave  length  vs.  transmittance  (compared  to  distilled  water) 
curve  was  prepared.  Such  a  curve  is  shown  in  Figure  1,  the  con¬ 
centration  of  aluminum  being  0.01  mg.  per  ml.  of  aliquot.  The 
curve  for  the  blank  is  also  shown.  Using  these  data,  525  m/j. 
was  selected  as  the  wave  length  for  all  transmittance  measure¬ 
ments.  (These  measurements  were  made  with  a  Coleman  Uni¬ 
versal  spectrophotometer,  Model  11,  with  a  35-mM  band  width 
It  was  calibrated  at  587  m/z  with  a  didymium  filter.)  The 
amount  of  the  dilution  was  found  not  to  affect  the  wave  length 
of  the  absorption  maximum  of  the  color  in  any  way. 

Introductory  work  showed  that  a  number  of  factors  had  a 
profound  effect  on  the  intensity,  the  rate  of  development,  and 
the  stability  of  the  aluminum-aluminon  color.  These  factors 
were,  the  pH  of  the  solution  during  and  after  color  development, 
the  volume  of  the  solution  during  color  development,  the  amount 
of  aluminon,  the  temperature  for  color  development,  the  time  of 
coloi  development,  the  use  of  protective  colloids,  and  the  amount 
of  aluminum.  Differences  in  results  among  data  on  these  points 
found  in  the  literature  made  it  necessary  to  investigate  each  fac¬ 
tor  in  detail.  In  each  experiment  the  factor  being  studied  was 
changed  while  other  factors  remained  the  same. 

Regarding  the  pH  of  the  solution  during  color  development, 
there  has  been  only  one  point  of  agreement  among  former  in¬ 
vestigators  that  is,  that  color  development  should  take  place 
in  slightly  acid  solution  maintained  by  an  acetate-acetic  acid 
buffer  at  pH  4  to  6  for  quantitative  work  (7,  8,  13,  14).  For  the 
present  investigation,  ammonium  hydroxide  and  acetic  acid  were 
used  in  varying  ratios  to  obtain  varying  pH.  Figure  2  shows  the 
variations  of  the  percentage  transmittance  obtained  with  varia¬ 
tions  in  pH,  holding  the  other  factors  constant.  The  volume 
during  color  development  was  25  ml.  in  all  cases,  and  the  alu¬ 
minum  concentration  was  0.010  mg.  per  ml.  of  aliquot,  while  the 
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Figure  2.  Effect  of  pH  at  Time  of  Color  Development  on  Color 
Intensity  Ultimately  Obtained  *- 

pH  measurements  made  after  dilution  to  100  ml 


208 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  17,  No.  ■ 


pH  and  per  cent  transmittance  were  measured  after  the  solu¬ 
tion  was  diluted  to  100  ml.  (A  Leeds  &  Northrup  Universal  pH 
meter,  using  a  glass  membrane  electrode  and  a  calomel  reference 
electrode,  was  used  for  all  pH  measurements.  The  instrument 
was  calibrated  at  pH  4.0  with  potassium  acid  phthalate  buffer 
solution.)  Experiments  showed  that  the  optimum  pH  5.3  meas¬ 
ured  at  100  ml.  corresponded  to  pH  5.4  at  25  or  20  ml.,  the  vol¬ 
ume  ultimately  used  for  color  development. 

It  has  been  common  practice  to  raise  the  pH  after  color  de¬ 
velopment  by  adding  ammonium  carbonate  and  ammonium 
hydroxide.  By  this  means,  the  chromium  lake,  similar  in  color 
to  the  aluminum  lake,  was  destroyed  (2,  6),  and  the  color  of  the 
aluminon  itself  was  decreased  (13,  U,  15).  Destruction  of  the 
chromium  lake  occurs  at  about  pH  8,  but  above  pH  7.5  the  color  of 
the  aluminum  lake  fades  rapidly.  The  decrease  in  color  of  the  dye 
was  found  to  occur  at  about  pH  7,  but  an  accompanying  decrease 
in  aluminum  color,  as  well  as  a  small  loss  of  stability  of  the  color, 
more  than  offsets  any  advantage  so  gained.  Therefore,  it  was 
decided  to  measure  per  cent  transmittance  in  the  pH  range 
used  for  color  development — i.e.,  pH  5.3  to  5.4. 


Figure  3.  Effect  of  Volume  at  Time  of  Color  De¬ 
velopment  on  Color  Intensity  Ultimately  Obtained 


A  buffer  solution  then  was  prepared  which  maintained  pH  5.4 
for  color  development  and  did  not  change  greatly  in  pH  on 
dilution;  470  ml.  of  15  N  ammonium  hydroxide  and  430  ml.  of 
glacial  acetic  acid  were  mixed  and  diluted  to  1  liter.  With 
slight  adjustments  after  cooling,  this  solution  produced  pH  5.4 
when  diluted  5  to  20  and  pH  5.25  when  diluted  5  to  100  with  dis¬ 
tilled  water. 

The  effect  of  reactant  concentration  during  color  development 
expressed  in  terms  of  total  solution  volume,  is  shown  in  Figure  3, 
the  aluminum  concentration  being  0.010  mg.  per  ml.  of  aliquot 
and  other  factors  in  color  development  remaining  constant.  This 
effect  probably  is  due  mainly  to  aluminon  concentration.  Al¬ 
though  it  is  advantageous  to  obtain  the  highest  possible  color  in¬ 
tensity,  the  increase  in  color  produced  by  increased  reactant 
concentration  is  accompanied  by  a  greater  adsorption  of  color 
on  the  Pyrex  vessels  used  for  developing  the  color.  A  volume  of 
20  ml.  was  found  to  be  optimum  for  color  development. 

The  effect  of  varying  amounts  of  aluminon,  with  an  aluminum 
concentration  of  0.010  mg.  per  ml.  of  aliquot  and  other  factors 
remaining  constant,  is  shown  in  Figure  4.  Although  10  or  15  ml. 
would  have  been  the  logical  choice,  considering  the  flatness  of 
this  portion  of  the  curve,  the  blank  was  found  to  have  less  than 
90%  transmittance  in  this  range.  Therefore,  5  ml.  of  0.1% 
aluminon,  which  yielded  a  blank  in  excess  of  90%  transmittance, 
were  considered  more  satisfactory. 

The  temperature  for  color  development  becomes  critical  below 
about  75°  C.,  the  rate  of  development  being  considerably  slower 
at  50°  C.,  while  at  room  temperature  the  maximum  color  is  not 
obtained  in  several  hours.  Above  75°  C.  only  a  small  increase 
in  the  rate  was  noted,  and  it  was  found  that  a  bath  maintained 
at  90°  to  100°  C.  was  entirely  satisfactory.  Direct  heating, 
such  as  on  a  hot  plate,  gave  unsatisfactory  precision,  possibly 
due  to  local  overheating  and  evaporation. 


The  time  necessary  to  obtain  the  optimum  color  at  90°  t< 
100°  C.  was  15  to  20  minutes.  Olsen,  Gee,  and  McLendon  (7 
have  investigated  this  problem,  with  similar  results.  It  wa 
found  that  the  same  results  could  be  obtained  if  the  time  in  th 
bath  were  10  minutes  and  the  samples  were  allowed  to  cool  i: 
air  for  10  minutes.  The  intensity  increases  extremely  slowly  a 
room  temperature,  even  at  the  small  volume;  therefore,  the  tim 
of  standing  after  removal  from  the  bath  is  not  highly  critical. 

Three  protective  colloids  were  investigated  as  stabilizers  fo 
the  lake.  Starch  was  used  by  Yoe  and  Hill  (15)  for  stabilizin 
large  amounts  of  aluminum,  but  it  was  found  that  as  much  a 
5  ml.  of  2%  starch  solution  caused  a  definite  change  in  cole 
and  inhibited  full  development  of  the  color.  Gum  arabic  wa 
used  by  Thrun  (IS)  and  by  Olsen,  Gee,  and  McLendon  (7),  wh 
used  0.5  to  1.0  ml.  of  1%  solution.  Larger  amounts,  howevei 
caused  a  lower  color  intensity.  Gelatin,  on  the  other  hand,  wa 
satisfactory  in  varying  amounts.  Any  amount  from  1  to  10  ml.  ( 
1%  solution  was  found  to  stabilize  the  lake,  while  the  large 
amounts  did  not  inhibit  color  development;  5  ml.  of  1%  solutio 
were  satisfactory,  the  amount  not  being  critical.  Knox  gelatii 
the  brand  used  for  these  experiments,  is  easily  soluble  in  wate 
when  heated,  and  gives  no  aluminon  test  for  aluminum. 

The  effect  of  the  order  of  adding  reagents  was  investigate! 
No  effect  on  color  development  was  noted.  However,  when  tl 
aluminon  and  gelatin  solutions  were  mixed  without  first  addir 
buffer  solution,  there  was  a  tendency  to  precipitate  a  red,  gelat 
nous  substance  which  was  not  readily  soluble  in  acids. 

Olsen,  Gee,  and  McLendon  (7)  have  noted  the  advantage  . 
using  a  composite  reagent,  containing  the  protective  colloid,  tl 
buffering  agent,  and  the  aluminon.  In  this  way  they  eliminate 
some  of  the  mechanical  errors  of  adding  reagents,  and  minimize 
the  error  of  measuring  the  aluminon.  However,  in  adjustir 
to  a  constant  volume  for  color  development,  they  failed  to  utili. 
an  important  potential  advantage  of  such  a  composite  reagen 
that  of  compensating  errors.  The  effect  of  any  decrease  in  tl 
amount  of  aluminon  added  in  the  form  of  composite  reagent 
partlv  compensated  by  the  accompanying  decrease  in  solutic 
volume  at  the  time  of  color  development  when  no  volume  a 
justment  is  made.  A  composite  reagent  was  prepared  by  mixii 
equal  amounts  of  the  thre&  solutions:  1%  gelatin,  buffer  solutio 
and  0.100%  aluminon;  15  ml.  of  this  solution  normally  we 
added  to  5  ml.  of  the  aluminum  solution  to  be  tested.  It  w 
found  that  an  error  of  5  ml.  either  way  in  the  volume  of  the  r 
agent  added  caused  an  error  in  transmittance  of  only  2.5% 
the  transmittance.  Further,  practically  no  error  was  caused  1 
an  error  of  1  ml.  in  the  volume  of  reagent  added.  A  1-ml.  tole 
ance  may  be  maintained  easily  by  using  an  ordinary  graduab 
cylinder. 

It  has  been  noted  (7)  that  the  composite  reagent  undergo 
changes  on  standing.  This  was  investigated,  and  it  was  foui 
that  a  0.1%  solution  of  aluminon  in  water  changes  also.  Ho 
ever,  although  both  solutions  change  rapidly  for  about  3  da 
in  such  a  way  that  the  color  intensities  obtained  by  using  the 
to  determine  aluminum  on  a  given  sample  become  greater,  afl 
that  time  there  is  no  appreciable  change  for  at  least  a  monl 
After  one  month,  the  color  intensities  obtained  with  these  sol 
tions  decrease.  The  error  caused  by  allowing  the  solutions 
stand  a  total  of  7  weeks  was  0.0002  mg.  of  aluminum  per  ml. 
aliquot.  For  these  reasons,  it  is  necessary  to  allow-  the  alumin 
solution  to  stand  about  3  days  before  using.  The  composite  m 
be  prepared  either  before  or  after  3-day  standing.  A  stands 
aluminum  solution  should  be  run  occasionally  as  a  check  on  t 
aluminon  solution.  The  Eastman  product  was  used  in  all  cas 
and  it  was  found  that  all  solutions  made  from  one  lot  of  the  d 
gave  the  same  results.  The  results  obtained  with  a  new-  lot  fn 
the  same  source,  however,  were  different  from  those  obtain 
with  the  original  lot;  for  this  reason  it  is  necessary  to  prepari 
new  calibration  curve  for  each  new  lot  of  the  dye. 
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Figure  4.  Effect  of  Amount  of  Aluminon  on 
Color  Intensity  Ultimately  Obtained 


i 

Although  a  given  colored  solution  need  not  conform  to  the 
.Beer-Lambert  law  to  be  used  for  analytical  purposes,  it  is  a  dis¬ 
tinct  advantage  if  it  should  happen  to  do  so.  The  aluminum 
2olor  was  investigated  from  this  standpoint.  The  analytical 
•results  m  Table  IV  may  be  used  to  prepare  a  typical  calibration 
;urve.  If  semilogarithmic  graph  paper  is  used,  the  curve  is  very 
•lose  to  a  straight  line  in  the  range  of  0.002  to  0.008  mg.  of  alu¬ 
minum  per  ml.  that  is,  the  Beer-Lambert  law  is  followed, 
i  r°bably  because  the  color  is  not  a  true  solution,  the  curve  de¬ 
dates  considerably  below  0.002  mg.  per  ml.,  so  that  the  slope 
teadily  decreases.  This  idiosyncrasy  is  not  caused  by  any  alu- 
mnon  deficiency,  since  the  molar  ratio  of  aluminon  to  aluminum 
,mder  the  conditions  of  this  method  is  never  less  than  about  5  to  I. 

Another  factor  which  affects  color  development,  and  therefore 
,aay  affect  the  shape  of  the  calibration  curve  is  the  aluminum 
.oncentration.  It  was  noted  that  the  color  of  the  lower  aluminum 

oncentrations  that  is,  in  the  range  of  0  to  0.005  mg  per  ml _ 

/as  not  developed  as  rapidly  as  that  of  the  higher  concentrations, 
or  analytical  purposes  the  color  need  not  attain  its  actual  maxi- 
mm  if  it  attains  a  reproducible  stable  color  in  a  reasonable  time; 
his  seems  to  be  the  case  here.  Experiments  have  shown  that 
mger  color  development  time  than  that  specified  causes  a  pro¬ 
portionately  greater  increase  in  intensity  at  low  than  at  high 
lum.num  concentrations,  and  also  that  the  low  concentrations 
re  less  stable  after  the  solutions  have  been  diluted.  These  con- 
derations  show  that  the  color  developed  by  the  foregoing  method 
dependent  largely  on  arbitrarily  specified  conditions,  and  that 
lese  conditions  are  more  critical  at  low  concentrations  of  alu- 
unum  than  at  relatively  high  concentrations. 

The  rate  of  color  development  at  room  temperature  is  slow, 
likewise,  it  was  noted  that  after  the  solutions  had  been  boiled  10 
mutes  and  had  stood  10  minutes,  further  standing  caused  a 
:rther  slow  increase  in  intensity.  The  magnitude  of  this 
>  crease  is  less  than  1%  in  transmittance  per  hour  at  an  alu- 
mum  concentration  of  0.010  mg.  per  ml.  of  sample  aliquot.  At 
lie  lower  concentrations  this  effect  is  somewhat  greater.  There- 
re,  it  is  important  to  dilute  the  solutions  reasonably  soon  after 
minutes’  standing.  The  stability  of  the  solutions  after  dilution 
much  greater.  The  change,  in  the  worst  case,  averages  0.25% 
r  hour  for  a  period  of  20  hours. 

Of  particular  interest  in  the  estimation  of  aluminum  in  steel 
the  problem  of  interfering  elements,  especially  iron.  Figure  1 
.  es  a  wave  length  vs.  transmittance  curve  for  0.001  mg.  of  ferric 
"n  per  ml.  of  aliquot  in  comparison  with  the  same  concentration 
<  aluminum.  These  data  show  that  the  aluminum  color  at  525 
has  about  2.5  times  the  intensity  of  the  iron  color,  thus  corrob- 
uting  the  results  of  Roller  (8),  who  reported  the  iron  color  to 
one  half  as  intense  as  the  aluminum  color.  Chromic  ion 
■ms  a  very  intense  lake  similar  in  color  to  that  of  aluminum 
'nle  hexa valent  chromium  forms  no  lake  and  interferes  only 
the  extent  of  its  own  color.  The  effect  of  0.1  mg.  of  chromium 
R  ml.  of  aliquot  as  potassium  dichromate  under  the  same 
Editions  used  for  aluminum  is  shown  in  Figure  1.  This  inter¬ 


ference,  amounting  to  about  0.0004  mg.  of  aluminum  per  ml.  of 
aliquot,  was  considered  to  be  the  maximum  interference  which 
might  be  encountered  in  analysis  of  steels  other  than  high- 
chromium  tool  or  stainless  steels.  Table  I  gives  data  for  the  in¬ 
terference  of  the  elements  most  commonly  found  in  steel.  In 
each  case,  0.005  mg.  of  aluminum  per  ml.  of  sample  aliquot  was 
present  with  an  amount  of  the  interfering  element  equivalent 
to  the  maximum  ratio  of  that  element  to  aluminum  usually 
present  in  low  and  medium  alloy  steels.  This  excludes  the  ex¬ 
traordinary  cases,  such  as  tool  steels,  stainless  steels,  or  Hadfield 
steels. 

In  addition  to  the  elements  mentioned,  the  interference  ot 
various  anions  likely  to  be  introduced  into  the  solution  w^as  in¬ 
vestigated  (Table  II).  The  effect  of  peroxydisulfate  ion  is 
characteristic  of  strong  oxidizing  agents;  0.01  mg.  of  phosphate 
ion  per  ml.  of  sample  aliquot  is  the  maximum  amount  which 
W’iH  not  cause  serious  error.  Larger  amounts  cause  more  inhibi¬ 
tion  of  color  formation,  as  much  as  40  mg.  per  ml.  causing  nearly 
complete  inhibition. 


Table  I.  Interference  of  Elements  Found  in  Steel 


Element  (Ion  Present) 


Manganese  (Mn  +  +) 

Phosphorus  (PO, - ) 

Sulfur  (SO,--) 

Silicon  (SiOa*-) 

Nickel  (Ni  +  +) 
Chromium  (CrO,--) 
Molybdenum  (MoO,--) 
Vanadium  (VOa~) 
Copper  (Cu  +  +) 


Concentration  of 
Element 
Mg. /ml. 

0. 1 

0 . 0025 
0.0025 
0.0175 
0.25 
0. 1 
0.15 
0.01 
0.0125 


Error  Caused 
Mg./ ml. 

0.00004 

-0.00008 

Negligible 

0.00012 

0.00012 

0.0004 

0.00008 

0.00002 

0.00012 


Anion 


ci- 

cio,- 

NOa- 

so,-- 

SsOs 
MnO,  ~ 
PO,--- 


Table  II.  Interference  of  Certain  Anions 

Concentration  of 

Anion  Effect 

Mg. /ml. 


12 

45 

60 

36 

100 

0.002 

0.01 


None 

None 

None 

None 

Color  destroyed 
Color  interferes 
Begins  to  inhibit  color 
formation  appreciably 


The  elimination  of  iron  in  aluminum  determinations  often  is 
accomplished  by  precipitation,  which  involves  a  difficult  filtra¬ 
tion  and  inherent  errors.  A  method  which  has  been  used  sur¬ 
prisingly  little,  considering  its  obvious  advantages,  is  the  extrac¬ 
tion  of  the  iron  from  hydrochloric  acid  solutions  with  ether  (3,  4, 
5,  9,  10,  11).  The  method  eliminates  coprecipitation  errors 
( ommon  to  precipitation  methods,  and  considerably  increases 
the  speed  of  the  separation.  Its  efficiency  under  optimum  condi¬ 
tions  is  99%  with  one  extraction.  (The  use  of  the  mercury 
cathode  may  be  preferred  if  it  is  available.  Its  use  undoubtedly 
offers  more  complete  elimination  of  iron  than  the  ether  extrac¬ 
tion.  Selection  of  the  ether  method  here  was  based  on  avail¬ 
ability  and  speed.) 

Isopropyl  ether  (I,  12)  offers  certain  important  advantages 
over  ethyl  ether.  In  hydrochloric  acid  solutions  between  6.5  and 
8.5  N  an  equal  volume  of  isopropyl  ether  will  extract  more  than 
99%  of  the  iron,  while  ethyl  ether  will  extract  99%,  of  the  iron  only 
when  the  hydrochloric  acid  is  6.2  N.  Isopropyl  ether  is  less 
volatile,  and  less  soluble  in  hydrochloric  acid  solutions  than  is 
ethyl  ether.  The  practical  grade  of  isopropyl  ether,  which  is 
satisfactory  for  the  extraction,  is  less  expensive  than  an  equal 
grade  of  ethyl  ether.  For  these  reasons,  an  extraction  with  iso¬ 
propyl  ether  w^as  used  in  this  method.  Previous  work  (1,  12) 
indicated  a  broad  range,  6.5  to  8.5  N,  for  the  hydrochloric  acid 
concentration,  with  best  results  at  8  N.  Table  III  shows  the 
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Table  III.  Efficiency  of  Isopropyl  Ether  Extraction  of  Iron 


After  1st  extraction 
After  2nd  extraction 
After  3rd  extraction 


Amount  Remaining  Efficiency 

Mg.  % 

1.11  99-8 

0.13  88.3 

0.02  84.6 


Table  IV.  Precision  of  Method 


'  A1  Concentration 
Present  Found 

Mg. /ml. 


0.0010 

0.0011 

0.0010 

0.0009 

0.0010 

0.0010 

0.0010 

0.0011 

0.0020 

0.0020 

0.0020 

0 . 0020 

0.0020 

0.0020 

0.0020 

0.0020 

0.0040 

0.0041 

0.0040 

0 . 0040 

0.0040 

0.0041 

0.0040 

0.0039 

0.0060 

0  0060 

0.0060 

0.0062 

0.0060 

0.0060 

0.0060 

0.0062 

0.0060 

0.0060 

0.0060 

0.0060 

0.0060 

0 . 0059 

0 . 0080 

0 . 0082 

0.0080 

0.0079 

0.0080 

0.0081 

0.0080 

0.0081 

0.0080 

0.0079 

0.0100 

0.0099 

0.0100 

0.0099 

0.0100 

0.0101 

0.0100 

0.0101 

0.0100 

0.0099 

Average  Deviation 


Mg. /ml.  % 

0.000075  7.5 

0.0  0.0 

0.000075  1.9 


0.00007  1.2 


0.00012  1.5 


0.0001  10 


results  of  extracting  500  mg.  of  iron  from  30  ml.  of  8  N  hydro¬ 
chloric  acid;  30  ml.  of  isopropyl  ether  were  used  for  the  first 
extraction,  and  10  ml.  for  the  second  and  third  extractions.  The 
iron  analyses  were  performed  by  using  the  aluminon  reagent  as 
for  aluminum,  but  reading  transmittance  at  560  him  as  indicated 
by  Figure  1.  The  amount  of  iron  left  after  three  extractions 
would  cause  an  error  equivalent  to  0.0016%  aluminum  in  the  ap¬ 
plication  of  this  procedure  to  the  analysis  of  steels  containing 
0.10%  aluminum. 

Phosphate,  molybdate,  and  vanadate  are  partially  extracted 
when  ferric  iron  is  present  (1),  but  no  aluminum  is  extracted  under 
any  conditions.  Inasmuch  as  phosphate  causes  an  error,  its  ex¬ 
traction  is  advantageous. 

Since  it  was  possible  for  these  anions  to  be  present,  the  effect 
of  nitrate  and  perchlorate  on  the  extraction  was  investigated. 
Traces  of  nitrate  and  as  much  as  5  ml.  of  60%  perchloric  acid  in 
the  solution  to  be  extracted  seemed  to  have  no  effect  on  the  effi¬ 
ciency  of  the  extraction. 

Trivalent  chromium  introduces  a  large  error  into  the  deter¬ 
mination;  most  of  its  interference  is  eliminated  readily  by  oxida¬ 
tion  to  hexavalent  chromium.  It  was  found  necessary  to  carry 
out  the  oxidation  after  the  iron  extraction,  because  some  chromate 
was  reduced  during  the  extraction.  Attempts  to  prevent  reduc¬ 
tion  by  treating  the  isopropyl  ether  with  oxidizing  agents,  includ¬ 
ing  permanganate  and  dichromate,  before  use  were  unsuccessful. 
Fuming  with  perchloric  acid  was  found  to  be  a  more  satisfactory 
method  of  oxidizing  the  chromium  than  oxidation  with  either 
sodium  peroxide  in  alkaline  solution  or  potassium  chlorate  in  acid 
solution.  Small  amounts  of  perchloric  acid  in  the  final  solution 
are  not  injurious  to  the  aluminum  color.  In  case  the  chromium 
is  in  excess  of  2%  in  the  steel,  or  if  it  is  desired  more  nearly  to 
eliminate  the  error  due  to  chromium,  most  of  it  may  be  volatilized 
from  the  solution  as  chromyl  chloride  by  adding  concentrated 
hydrochloric  acid  or  solid  sodium  chloride  in  small  amounts  to  the 
vigorously  fuming  perchloric  acid  solution  used  for  oxidizing  the 
chromium.  The  acid  has  the  advantage  over  the  sodium  salt 
that  no  extraneous  metal  cations  are  added  to  the  solution. 
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The  precision  of  the  method  is  illustrated  by  the  analytics 
results  presented  in  Table  IV.  Standard  aluminum  solution 
were  prepared  by  direct  weighing  of  commercially  pure  aluminun 
(Alcoa  25). 

The  accuracy  of  the  method  was  checked  by  means  of  tw 
National  Bureau  of  Standards  aluminum- containing  steel 
(Table  V). 

In  the  case  of  National  Bureau  of  Standards  steel  106  the  rang 
of  values  submitted  by  the  cooperating  analysts  was  1.05  t 
1.08%  aluminum,  while  for  steel  125  this  range  was  0.25  t 
0.270%  aluminum.  In  each  case  the  average  of  a  few  determina 
tions  by  the  proposed  colorimetric  method  is  well  within  th 
range  given.  It  is  obvious  from  these  data  that  the  method  coir 
pares  favorably  with  gravimetric  procedures  for  aluminum  cor 
tents  of  approximately  0.25  to  1%.  In  addition,  it  can  be  cal 
culated  from  precision  data  in  Table  IV  that  for  aluminum  cor 
tents  between  0.02  and  0.1%  the  average  deviation  of  individut 
determinations  should  be  about  0.0015%  aluminum;  it  is  certai 
that  one  may  expect  considerably  greater  accuracy  in  this  rang 
with  the  proposed  colorimetric  method  than  with  gravimetri 
procedures.  It  has  been  shown  that  errors  from  interfering  elf 
ments  are  not  excessive  when  0.1%  aluminum  is  present.  Thes 
errors  would  be  constant  over  the  aluminum  range  from  0.04  t 
0.16%  in  steel,  causing  larger  percentage  errors  at  the  low  en 
of  the  range.  More  refined  methods,  such  as  the  elimination  c 
chromium  and  more  efficient  removal  of  iron,  could  be  used  t 
lower  the  percentage  error  and  thus  extend  the  method  belo’ 
0.04%  aluminum. 

To  obtain  the  approximate  speed  with  which  a  determinatio 
can  be  run,  four  steels  were  analyzed  for  aluminum  by  the  metho 
described.  The  elapsed  time,  exclusive  of  weighing,  was  4  houi 
for  the  four  samples.  A  large  number  of  samples  could  be  ru 
more  efficiently  if  apparatus  were  available  to  make  full  use  < 
battery  methods. 


Table  V.  Accuracy  of  Method 


Steel 


No.  106 


No.  125 


Aluminum 


Natl.  Bur. 
of  Standards 

Authors’  Method 

Error 

% 

% 

% 

1.06 

Av.  1.07 

0.01 

1.09 

0.03 

1.06 

0.00 

1.08 

0.02 

1.09 

0.03 

■  1.09 

0.03 

1.07 

0.01 

1.04 

0.02 

0.261 

Av.  0.262 

0.001 

0.261 

0.000 

0.258 

0.003 

0.268 

0.007 

0.259 

0.002 

0.266 

0.005 
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Determination  of  Nitrogen  in  Nitriles 


EUGENE  L.  ROSE  and  HENRY  ZILIOTTO, 

.  I 

A  REVIEW  of  the  literature  shows  that  the  nitrogen  in 
nitrile  compounds  can  be  determined  by  only  a  few 
methods,  and  that  these  leave  much  to  be  desired  for  ease  and 
rapidity  of  analysis. 

The  Dumas  (3)  method  requires  apparatus  not  always  avail¬ 
able  in  commercial  laboratories  and  is  troublesome  with  com- 
■  pounds  of  high  nitrogen  content  and  those  of  high  volatility. 

Methods  based  on  reactions  of  sulfuric  acid  ( 6 ),  hydrochloric 
Ticid  (2),  or  hydriodic  acid  (5)  at  high  temperatures  and  pres¬ 
umes  in  sealed  tubes  will  give  correct  results  with  nitriles,  but  are 
■  indesirable  because  of  the  inconvenience  of  the  procedure.  The 
■  method  of  Fleury  and  Levaltier  (4),  employing  benzoic  and 
phosphoric  acids,  was  found  to  require  longer  digestion  time 
han  the  method  described  in  this  paper  and,  in  addition,  had  the 
lisadvantage  of  seriously  etching  the  digestion  flasks.  Hydrolysis 
Vith  80%  sulfuric  acid  and  subsequent  digestion  gave  quantita- 
ive  yields  of  nitrogen  vith  saturated  aliphatic  nitriles,  but  did 
tot  give  quantitative  or  accurate  results  with  unsaturated  ali- 
>hatic  nitriles. 

1  The  strong  reducing  action  of  hydriodic  acid  as  a  preliminary 
o  Kjeldahl  digestion  was  made  the  basis  of  the  present  procedure, 
lydriodic  acid,  however,  is  not  a  practical  reagent,  since  once 
*ts  container  is  opened  the  acid  rapidly  deteriorates.  To  obviate 
‘his  objection  it  was  thought  advisable  to  react  sulfuric  acid  with 
■  'otassium  iodide,  both  stable  reagents,  and  permit  the  hydriodic 
‘cid  formed  to  reduce  the  nitrile.  The  standard  Kjeldahl- 
Uinning-Amold  (1)  nitrogen  procedure,  using  selenium  in  ad- 
ition  to  copper  sulfate,  would  then  be  applied  to  complete  the 
nalysis. 


SOLUTIONS  AND  MATERIALS 


Standard  sulfuric  acid  solution,  0.1  N.  Dissolve  4.9  grams  of 
llfuric  acid,  specific  gravity  1.84,  in  1  liter  of  distilled  water. 

.  tandardize  gravimetrically. 

Standard  sodium  hydroxide  solution,  0.1  N.  Dissolve  4  0 
i  rams  of  c.p.  sodium  hydroxide  stick  in  1  liter  of  freshly  distilled 
ater.  Standardize  against  0.1  N  sulfuric  acid  solution,  using 
>dium  alizarin  sulfonate  indicator. 

Sodium  alizarin  sulfonate  indicator.  Dissolve  0.9  gram  of 
>dium  alizarin  sulfonate  and  0.125  gram  of  indigo  carmine  in 
X)  ml.  of  distilled  water. 

Potassium  iodide  crystals,  Merck 
^ agent  grade. 

:  Concentrated  sulfuric  acid,  c.p., 

>ecific  gravity  1.84. 

Copper  sulfate,  Baker’s  c.p.  grade, 
lhydrous. 

Selenium  metal,  black,  powder. 

Zinc  metal,  Baker’s  c.p.  grade, 
t  H-mesh. 

Potassium  sulfate,  crystals, 
aker’s  c.p.  grade. 

Sodium  hydroxide  solution,  50%. 
issolve  400  grams  of  sodium  hy- 
oxide  in  400  ml.  of  distilled  water, 
low  to  stand  24  hours  and  decant 
lear  supernatant  liquid. 

METHOD  OF  ANALYSIS 


Compound 

Liquids 

Benzonitrile 

Isocapronitrile 

n-Butyronitrile 

Acrylonitrile 

Acetonitrile 

Solids 

p-Bromobenzonitrile 


Place  a  weighed  quantity  of 
;mple  containing  40  to  60  mg. 
-nitrogen  in  a  digestion  flask, 
!d  1.5  grams  of  potassium  iodide 
jd  30  ml.  of  concentrated  sul- 
jnc  acid,  and  heat  on  a  steam 
*  th  for  45  minutes  with  occa- 
f-nal  shaking.  Add  10  grams  of 


Benzoylacetonitrile 

p-Nitrophenylacetonitrile 
•re-Nitrobenzonit  rile 

p-Nitrobenzonitrile 

Succinonitrile 
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potassium  sulfate,  0.3  gram  of  anhydrous  copper  sulfate,  0.1 
gram  of  selenium,  and  several  boiling  stones  or  glass  beads. 
Heat  the  mixture  gently  at  first,  then  boil  briskly,  and  continue 
digestion  for  1  hour  after  mixture  becomes  clear  green  in  color. 
At  no  time  should  the  volume  of  acid  drop'below  20  ml.  Most 
of  the  iodine  will  have  been  removed  by  this  time,  but  any  re¬ 
maining  in  the  neck  can  be  removed  by  applying  a  flame  thereto. 
Cool  the  mixture,  add  250  ml.  of  water,  and  when  cool  proceed 
with  the  distillation.  Add  sufficient  50%  caustic  solution  to 
make  the  reaction  strongly  alkaline  (90  ml.  are  usually  suf¬ 
ficient),  pouring  it  down  the  side  of  the  flask,  so  that  it  does  not 
mix  at  once  with  the  acid  solution.  Add  several  pellets  of  zinc 
(20-mesh)  to  prevent  bumping  and  without  delay  connect  the 
flask  to  the  condenser  by  means  of  the  Kjeldahl  connecting  bulb, 
taking  care  that  the  tip  of  the  condenser  extends  below  the  sur¬ 
face  of  a  measured  quantity  of  standard  0.1  A"  sulfuric  acid.  Mix 
the  contents  of  the  flask  and  distill  until  all  ammonia  has  passed 
over  into  the  acid.  Usually  125  to  150  ml.  of  distillate  will  con¬ 
tain  all  the  ammonia.  Titrate  the  distillate  with  standard  0.1  N 
sodium  hydroxide  solution,  using  sodium  alizarin  sulfonate  mixed 
indicator.  The  end  point  is  indicated  by  a  change  from  green 
to  bluish-gray  color.  Run  a  blank  in  the  same  manner  as  that 
used  for  the  sample. 

(Ml,  of  H2SQ4  X  N  -  ml.  of  NaOH  X  N)  X  1.401 

weight  of  sample  —  %  h< 


RESULTS 

Several  nitrile  compounds  were  analyzed  by  the  method  de¬ 
vised.  Two  of  these  compounds,  acrylonitrile  and  acetonitrile, 
have  boiling  points  below  100°  C.  and  were  included  in  the  tests 
to  show  the  applicability  of  the  method  to  materials  of  high 
volatility.  Cyclic,  as  well  as  aliphatic,  compounds  were  ana¬ 
lyzed  and  some  of  these,  in  addition  to  the  nitrile  group,  contain 
a  nitro  group. 

To  check  the  accuracy  of  the  method  the  nitrogen  contents  of 
■som]e  of  these  samples  were  also  determined  by  Friedrich’s  (5) 
modification  of  the  Kjeldahl  method,  adapted  to  a  macro  scale 

j  v  PurP°se  2  ml-  of  hydriodic  acid  (density  1.7),  a  pinch  of 
red  phosphorus,  and  a  weighed  quantity  of  sample  were  sealed 
in  a  tube  and  heated  for  one  hour  at  200°  C.  When  cold  the 
tube  was  opened,  the  contents  were  transferred  to  a  Kjeldahl 
flask,  and  the  mixture  was  treated  as  in  the  Kjeldahl  method. 

Reference  to  Table  I  shows  that  the  results  obtained  on  nitriles 
by  these  two  methods  are  in  very  close  agreement. 


Table  I.  Determination  of  Nitrogen 


Formula 


Theoretical 


Per  Cent  Nitrogen 

Friedrich 

method  KI  method 


Salicylic  acid 
method  (S) 


C8HSCN 

(CH3)2CH(CH2)2CN 

CH,(CH2)2CN 

CH2:CHCN 

CHjCN 

BrCeTLCN 

c#h4coch2cn 

N02CjH4CH2CN 

no2c6h4cn 

no2c6h4cn 

cnch2ch2cn 


13.60 

14.43 

20.29 

26.42 

34.15 


13.521 

13.55/ 


13.54 


26.221 
26.22 ; 


26.22 


33.11 


13.471 
13.50/ 
13.42 
13.44 
13.48 
19.741 
19.79/ 
26.161 
26.29 / 
33.091 
33.17/ 


13.49 

13.45 

19.77 

26.23 

33.13 


13.46 


26.00 

26.25 

33.17' 

33.19 


’26.13 

■33.18 


7.67 

9.66 

17.29 

18.93 

18.93 


35.00 


7.641 

7.72/ 


7.68 


18.621 

18.63/ 

18.461 

18.53/ 


18.63 

18.50 


7.621  7  fit 
7.67/  765 
9.471  0  ao 
9 . 5o]  9  49 

47  -  11 1  17  -I  o 

17. 14/17- 13 
18.821 
18. 82/ 18  ■ 84 
18.50) 
18.55)18.54 
18 . 56 1 

if:^}33'91 


18.561 

18.59/ 


18.58 


211 


212 
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DISCUSSION 

The  samples  for  analysis  were  not  all  analytically  pure.  Since 
there  was  insufficient  time  for  their  purification,  it  was  decided 
to  determine  their  nitrogen  content  by  some  accepted  analytical 
method.  Friedrich’s  method  for  nitrogen  determinations  can  be 
applied  to  a  wide  diversity  of  substances  and  for  this  reason  was 
used  as  the  standard  by  which  results  by  the  potassium  iodide 
method  could  be  compared.  Results  by  both  methods  agree 
very  closely.  Even  though  some  of  the  samples  tested  are 
volatile  and  one  might  expect  losses  from  the  relatively  high 
temperatures  employed  in  open  flasks,  such  is  not  the  case. 
Compounds  that  have  a  nitro  group  in  addition  to  the  nitrile 
group  yield  all  their  nitrogen.  Further  work  will  be  undertaken 
to  determine  whether  the  method  can  be  applied  to  nitro  com¬ 
pounds  in  general. 

Other  types  of  nitrogen  compounds  which  require  special 
treatment  before  Kjeldahl  digestion  were  also  analyzed  by  the 
potassium  iodide  method,  but  sometimes  with  unsuccessful 
results.  All  the  nitrogen  in  an  azo  dye,  naphthalene-/3-azo-p- 
dimethylaniline,  was  recovered,  whereas  only  part  of  the  nitrogen 
of  m-xylene-azo-/3-naphthol  was  so  obtained.  It  seems  that 
the  position  of  substituent  groups  in  these  azo  compounds  may 
hinder  attack  by  these  reagents.  Unsuccessful  results  were  also 
obtained  with  hydrazine,  pyridine,  and  inorganic  nitrates. 

The  presence  of  a  few  milliliters  of  water  does  not  interfere 
with  the  analysis,  but  large  dilution  has  a  deleterious  effect. 

Subsequent  to  the  development  of  the  above  method  it  was  de¬ 


cided  to  determine  the  nitrogen  due  to  nitrates  in  a  mixture  of 
nitrates  and  nitriles,  using  the  standard  salicylic  acid-thiosulfate 
method  ( 1 ).  It  was  found  that  the  nitrile  nitrogen  was  quanti¬ 
tatively  recovered.  Four  nitriles  were  then  analyzed  by  this 
salicylic  acid  method  with  results  that  compare  well  with  the 
potassium  iodide  and  Friedrich’s  methods  (see  Table  I). 

SUMMARY 

Nitrogen  has  been  determined  in  nitrile  compounds  by  reduction 
with  potassium  iodide  and  sulfuric  acid  preliminary  to  digestion 
by  the  Kjeldahl  method.  No  special  technique  or  apparatus  is 
required.  Results  by  the  new  method  compare  well  with  those 
by  the  Friedrich  method  and  can  be  obtained  in  much  less  time 
The  nitrogen  in  nitro  groups  substituted  on  aromatic  compounds 
interferes  by  being  reduced  by  the  potassium  iodide.  The 
nitrogen  of  pyridine,  hydrazine,  nitrates,  and  certain  azo  dyes  is 
also  partly  reduced. 
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Determination  of  Water  in  Hydrocarbon  Gases 

HARRY  LEVIN,  KARL  UHRIG,  AND  F.  M.  ROBERTS,  The  Texas  Company,  Beacon,  N.  Y. 


A  method  is  described  for  determining  water  in  normally  gaseous 
hydrocarbons.  It  is  based  on  the  observation  that  when  a  gas  con¬ 
taining  moisture  is  contacted  with  cold  dehydrated  acetone,  the 
water  is  retained  by  the  acetone,  in  which  it  can  be  determined  by 
reaction  with  acetyl  chloride,  titrating  the  liberated  acid.  Olefins 
and  diolefins  do  notjnterfere  and  provision  is  made  for  correcting 
for  interference  by  acidic  or  basic  constituents  of  sample. 


A  STUDY  of  plant  operations  to  determine  factors  affecting 
catalyst  life  made  it  important  to  have  a  method  for  de¬ 
termining  the  water  content  of  normally  gaseous  hydrocarbon 
charge  stocks.  The  requirement  that  it  be  independent  of  the 
variable  composition  of  the  test  gas  eliminated  from  considera¬ 
tion  most  of  the  methods  proposed  in  the  literature. 


A  dew-point  method,  involving  wet-  and  dry-bulb  thermom- 
ers  or  thermocouples,  was  proposed  by  Deaton  and  I  rost  (2). 
resence  of  high-boiling  hydrocarbons  interferes  with  such  a 
Lethod.  Perry  ( 8 )  condensed  the  hydrocarbon  m  a  cooled 
eighed  trap,  evaporated  the  gas,  and  considered  the  increase 
i  weight  to  be  water,  but  stated  the  method  is  unsatisfactory  it 
le  samples  contain  heavy  ends.  Evans  and  Davenport  (3)  de- 
•ribed  a  manometric  method  for  water  in  gases  removed  from 
ils  by  evacuation,  based  on  reduction  in  the  pressure  of  the  gas 
non  exposure  to  a  film  of  lithium  chloride  monohydrate.  I  he 
lanometer  measurements  are  apparently  applied  to  gas  con¬ 
fining  rather  high  concentrations  of  water  and  is  unsuitable  tor 
tie  low  concentrations  with  which  we  are  concerned— namely, 
s  little  as  0.001  %.  Todd  and  Gauger  (13)  recommended  de- 
grmination  of  water  vapor  by  near  infrared  absorption  sPectra» 
;hich  requires  rather  elaborate  apparatus.  Silica  gel  and  other 
ctivated  drying  agents  are  sometimes  recommended.  How- 
ver  such  absorbents  are  restricted  to  the  determination  of  ater 
n  nonhydrocarbon  gases,  since  they  also  absorb  hydrocarbons 

1  Chemical  methods  are  preferred  by  some  investigators  be- 
ause  they  are  specific  for  water.  Henle  (6)  described  an  involved 


procedure  employing  aluminum  ethylate.  Calcium  carbid 
has  long  been  used  because  of  the  ease  with  which  it  produce 
acetylene  on  exposure  to  water,  the  latter  being  estimated  d. 
measuring  the  acetylene  gasometrically  (9),  colorimetrically  a 
cuprous  acetylide  (5),  or  gravimetrically  as  copper  oxide  (14 
Such  methods  are  unsuitable  for  the  present  purpose  because  c 
the  nature  of  the  samples  and  the  small  amounts  of  water  ir 
volved.  Bell  ( 1 )  described  a  method  utilizing  the  hydrolysis  c 
a-naphthoxydichlorophosphine  and  Ross  (10)  used  benzoic  ar 
hydride.  Both  methods  are  tedious.  A  test  based  on  the  chang 
in  color  of  cobalt  bromide  on  hydration  was  proposed  by  the  Natl 
ral  Gasoline  Association  of  America  (7),  but  the  color  change 
are  deceptive  and  uncertain.  Fischer  (4)  used  a  methyl  a 
cohol  solution  of  iodine,  sulfur  dioxide,  and  pyridine,  with  whic 
water  reacts  to  form  acid 

2H20  +  SO,  +  I2  =  H,S04  +  2HI 

the  water  in  the  sample  being  estimated  from  the  iodine  coi 
sumed  in  a  direct  titration  employing  the  iodine  color  as  11 
dicator.  Roth  and  Schulz  (11)  use  magnesium  nitride  to  d< 
termine  moisture  in  gas  from  the  ammonia  liberated. 

Mg3N2  +  6H20  =  3Mg(OH)2  +  2NH., 

Smith  and  Bryant  (12)  utilize  the  fact  that  acetyl  chloride  i 
the  presence  of  pyridine  reacts  quantitatively  with  water  t 
produce  2  moles  of  acid  and  with  absolute  alcohol  to  produce  1 

o<7'+  hoh  -*■  <z><+  ch,co01 

<Z>n<c°ch‘+  eoh  — *■  o< + CH,C0° 

the  increase  in  acidity  of  the  sample  over  the  blank  with  alcoh< 
being  equivalent  to  water  in  the  sample.  This  formed  the  bas 
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of  the  following  method  which  has  been  adopted  for  determining 
water  in  normally  gaseous  hydrocarbons.  The  chemistry  is  the 
same  as  that  of  the  previously  mentioned  authors,  what  novelty 
there  is  being  in  the  apparatus  and  technique  employed  in  the 
preliminary  operation  of  collecting  the  water. 

REAGENTS 

Pyridine,  c.p.,  containing  as  high  as  1  mg.  of  water  per  ml.  is 
satisfactory;  c.p.  acetyl  chloride  0.75  molar  in  toluene  (approxi¬ 
mately  60  ml.  of  acetyl  chloride  per  liter  of  dry  c.p.  toluene);  ab- 
■j  \  solute  ethyl  alcohol;  0.10  .V  sodium  hydroxide  in  water;  1%  phe- 
,  nolphthalein  in  alcohol;  Drierite  (anhydrous  calcium  sulfate); 
solid  carbon  dioxide;  c.p.  acetone  containing  0.5  mg.  maximum  of 
water  per  ml. 

Since  water  prpsent  in  the  acetone  as  well  as  in  the  sample 
reacts  with  acetyl  chloride,  high  blanks  may  be  obtained  which 
reduce  the  accuracy  of  the  method.  The  c.p.  grade  of  acetone 
dried  with  calcium  chloride  still  contains  too  much  water  and 
must  be  specially  dehydrated.  This  is  efficiently  done  by  allow¬ 
ing  the  acetone  to  stand  on  calcium  chloride  for  several  days  to 
remove  the  bulk  of  the  water  and  thus  save  reagents  used  in  the 
final  dehydration.  The  acetone  is  then  filtered  into  a  dry  bottle 
where  it  is  shaken  for  10  minutes  with  an  excess  of  acetyl  chloride 
in  the  presence  of  pyridine,  to  bind  the  acids  formed.  The  un¬ 
consumed  acetyl  chloride  is  esterified  by  adding  amyl  alcohol  to 
the  bottle  and  shaking  for  10  minutes  to  form  an  ester  of  a 
higher  boiling  point  than  acetone,  the  latter  being  then  recovered 
by  fractional  distillation,  with  precautions  to  prevent  access  of 
moisture.  For  each  gram  of  water  in  the  acetone  approximately 
30  ml.  of  pyridine,  10  ml.  of  acetyl  chloride,  and  20  ml.  of  amyl 
alcohol  are  used,  these  representing  a  sufficient  excess  to  ensure 
quantitative  reactions.  In  this  manner  acetone  has  been  de¬ 
hydrated  to  contain  as  little  as  0.05  mg.  of  water  per  ml.,  although 
as  much  as  0.5  mg.  can  be  tolerated.  The  dry  acetone  is  very 
hygroscopic  and  must  not  needlessly  be  left  exposed  to  the  at¬ 
mosphere. 

PROCEDURE 


The  entire  sample  is  introduced  rather  rapidly,  by  permitting 
it  to  expand  and  flow  through  the  lower  cylinder  valve  into  the 
acetone.  This  requires  1  or  2  minutes  or  less.  The  sample  (maxi¬ 
mum  50  ml.)  should  not  be  so  large  as  to  reach  the  tip  of  the 
delivery  tube;  otherwise  difficulties  will  be  experienced  with  the 
subsequent  evaporation  of  the  gases.  The  water  which  usually 
freezes  in  the  delivery  tube  below  C  must  be  washed  into  the 
acetone  before  evaporating  the  gases  and  this  is  accomplished  by 
permitting  the  acetone  from  the  pipet  to  be  drawn  into  the  flask. 

The  cooling  bath  is  now  removed  and  the  contents  of  the 
flask  are  agitated  for  about  a  minute,  without  removing  the  flask 
from  the  pipet  assembly,  to  ensure  extraction  of  the  water  from 
the  condensed  gases  which  usually  are  not  s'oluble  in  the  acetone 
at  the  temperature  of  the  cooling  bath  unless  they  are  rich  in 
olefins.  The  cooling  bath  is  replaced,  and  after  5  minutes,  evapo¬ 
ration  of  the  gases  may  be  started. 

The  controlled  evaporation  requires  some  care.  With  the 
flask  in  the  cold  bath,  it  is  subjected  to  vacuum  applied  at  A  and 
when  the  manometer  indicates  subatmospheric  pressure  the  cold 
bath  is  lowered  out  of  place  and  pumping  is  continued  until  most 
of  the  gas  is  evaporated,  which  is  noted  in  the  flask  or  by  behavior 
of  the  manometer.  It  is  necessary  to  start  evacuating  the  flask 
while  it  is  in  the  cold  bath  to  prevent  too  active  boiling  and  me¬ 
chanical  loss  of  water. 

During  the  pumping  of  the  gases  the  manometer  indicates  a 
pressure  corresponding  roughly  to  the  vapor  pressure  of  the 
acetone-gas  mixture  at  the  temperature  of  pumping.  This  pres¬ 
sure  is  considerably  higher  than  the  absolute  pressure  of  1  mm., 
to  which  the  system  had  originally  been  evacuated,  and  varies 
with  the  nature  of  the  sample  but  will  remain  fairly  constant  un¬ 
til  about  90%  of  the  gas  has  evaporated  and  then  the  ma¬ 
nometer  will  indicate  increasing  vacuum.  At  this  point  the  vacuum 
pump  is  cut  off  by  turning  stopcock  A,  a  positive  pressure  of  about 
20  mm.  of  mercury  is  permitted  to  build  up  in  the  flask,  and  the 
residual  gases  are  gradually  eliminated  through  the  drying  tube, 
the  positive  pressure  being  maintained  at  all  times  by  careful 
manipulation  of  stopcock  B.  The  flask,  which  will  have  come  to 
room  temperature,  is  removed  from  the  system  and  quickly  closed 
with  a  glass  stopper.  If  removed  while  it  is  below  room  temper¬ 
ature,  moisture  from  the  air  will  condense  in  it  and  ruin  the  de¬ 
termination. 


(The  apparatus  is  assembled  as  shown  in  Figure  1,  and  the  pipet 
(D  closed)  and  flask  are  evacuated  to  1  mm.  of  mercury  pres¬ 
sure  through  the  third  leg  of  A  for  10  to  15  minutes  to  remove 
i  moisture.  Stopcock  C  is  then  placed  in  “neutral”  (closed  to  all 
three  legs),  and  stopcock  A  turned  to  cut  off  the  vacuum  pump. 
Air  is  admitted  through  the  drying  tube  until  the  pressure  has 
returned  to  atmospheric  by  opening  stopcock  B  to  its  three  legs 
simultaneously.  With  the  pi- 
oet  still  evacuated  and  stop¬ 
cock  C  closed,  the  Erlenmeyer 
,3ask  is  lowered  out  of  place 
done  best  by  keeping  the  pipet 
lamped  in  a  fixed  position) 
and  dehydrated  acetone  drawn 
up  into  the  pipet  to  the  5-ml. 
mark.  The  flask  is  promptly 
eturned  to  its  former  position 
md  the  weighed  sample  con- 
ainer  is  attached  to  the  open 
eg  of  C. 

The  entire  system  to  the 
alve  on  the  sample  container 
but  not  the  pipet)  is  then  re- 
vacuated  at  A  for  5  minutes 
o  remove  moisture  from  the 
ubing  and  the  acetone  remain- 
ng  in  the  tube  below  C.  Air 
3  again  admitted  through  the 
irying  tube  till  the  manom- 
ter  indicates  atmospheric  pres- 
ure.  Five  milliliters  of  pyri- 
line  and  25  ml.  of  dehydrated 
cetone  are  quickly  introduced 
nto  the  momentarily  lowered 
lask,  which  is  quickly  re- 
■laced  and  t  hen  cooled  to  —  57  ° 
o-62°  C.  (-70°  to  -80°  F.) 

•  ith  solid  carbon  dioxide  and 
cetone.  After  10  minutes  the 
•  hole  system,  excluding  the 
'ipet,  is  evacuated  and  the 
•ump  cut  off  by  turning  stop- 
ock  A. 


The  sample  container  is  now  disconnected  and  5  ml.  of  de¬ 
hydrated  acetone  are  drawn  in  and  shaken  for  a  few  seconds  and 
the  cylinder  washings  are  added  to  the  contents  of  the  flask 
through  the  tube  by  which  the  sample  was  introduced  into  the 
reaction  flask.  This  is  necessary  because  noncondensed  hydro¬ 
carbons  can  contain  more  moisture  than  liquefied  gases  can  hold 
in  solution  at  the  same  temperature;  the  excess  separating  and 
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Table  1. 

Determination  of  Water  in  Gases  Containing  0.2%  of 
Acidic  or  Basic  Material 

Water 

Hun  No. 

Gas 

Acidic  Material 

Present 

Mg. 

Found 

Mg. 

1 

ISO-C4H1Q 

HC1 

16.4 

16.9 

2 

ISO-C4H1Q 

HC1 

12.7 

13.1 

3 

n-C4Hio 

HC1 

23.2 

23.5 

4 

71-C4H10 

H2S 

11.0 

11.2 

5 

ISO-C4H8 

h2s 

27.4 

27.5 

6 

Iso-GiHs 

h2s 

11.5 

11.4 

7 

Iso-CiHio 

h2s 

10.0 

10.2 

8 

ISO-C4H8 

CHsSH 

10.1 

9.8 

9 

ISO-C4H8 

CH3SH 

8.4 

8.5 

10 

ISO-C4H8 

CHsSH 

Alkaline  Material 

17.4 

17.1 

11 

n-C4Hio 

NH, 

14.1 

13.8 

12 

7I-C4H1Q 

NHa 

10.9 

11.0 

13 

ISO-C4H10 

NH] 

19.8 

20.1 

14 

I8O-C4H10 

NHs 

13.3 

13.1 

15 

ISO-C4H10 

NH(CHs)2 

14.8 

14.5 

16 

71-C4H10 

NH(CH5)2 

10.2 

10.3 

17 

71-C4H10 

NH(CH3)s 

26.4 

26.3 

Table  II. 

Effect  of  Rate  of  Passage  of  Gas 

on  Recovery  of  Water 

Water 

Hun  No 

Gas  Tested 

Rate 

L./hr. 

Present 

Mg. 

Found 

Mg. 

1 

CH, 

120 

12.2 

4.8 

2 

CHU 

80 

13.4 

8.7 

3 

CH, 

80 

12.0 

8.2 

4 

CH, 

48 

15.7 

13.7 

5 

Air 

33 

9.7 

9.3 

6 

CH< 

30 

20.6 

20.3 

7 

CHt 

28 

14.2 

14.6 

8 

Air 

8.5 

14.1 

14.0 

9 

C2H4 

8 

13.7 

13.8 

10 

C2H, 

6 

21.0 

21.2 

adhering  to  the  walls  of  the  cylinder  may  otherwise  be  lost  from 
the  water  determination.  Sample  size  is  obtained  by  weighing 

the  container.  , 

Ten  milliliters  of  0.75  molar  acetyl  chloride  in  toluene  solu¬ 
tion  are  added  to  the  Erlenmeyer  flask,  the  contents  of  the 
stoppered  flask  are  shaken  and  allowed  to  stand  3  minutes,  and 
the  excess  of  acetyl  chloride  is  decomposed  by  adding  1  ml.  of 
absolute  ethyl  alcohol  and  agitating.  After  standing  5  minutes, 
25  ml.  of  absolute  ethyl  alcohol  are  added,  to  produce  a  homo¬ 
geneous  solution,  and  the  mass  is  titrated  with  0.1  N  sodium  hy¬ 
droxide  to  phenolphthalein.  . 

A  blank  is  run  in  the  manner  of  the  determination  on  all  the 
reagents.  The  increase  in  acidity  of  the  test  over  the  blank  is  a 
measure  of  the  water  in  the  sample.  If  the  water  content  of  the 
sample  is  known  to  be  low,  less  acetyl  chloride  may  be  taken  to 
avoid  high  blanks.  Four  milliliters  of  the  reagent  will  permit 
determining  up  to  0.05%  water  with  one  50-ml.  buret  filling. 

If  the  sample  consists  of  hydrocarbons  which  do  not  condense 
at  the  temperature  of  the  cooling  bath  the  following  modifica¬ 
tions  are  necessary:  In  charging  the  sample  a  pressure  of  ap¬ 
proximately  20  mm.  above  atmospheric  is  permitted  to  build  m 
the  system,  stopcock  A  being  adjusted  to  pass  the  gas  at  the 
rate  of  30  liters  maximum  per  hour,  maintaining  this  pressure. 
The  gas  is  measured  (cu.  ft.)  with  a  wet  gas  meter  which  is  at¬ 
tached  to  stopcock  A  and  the  gravity  of  the  gas  is  determined. 
The  gas  inlet  tube  is  washed  down  with  5  cc.  of  dehydrated  ace¬ 
tone  from  the  pipet  by  applying  a  gentle  suction,  as  previously 
described.  The  contents  of  the  Erlenmeyer  are  allowed  to 
come  to  room  temperature  and  further  treated  as  above.  The 
blank  in  this  case  is  run  on  30  ml.  of  acetone. 

A  determination  in  duplicate  requires  about  2  hours,  typ¬ 
ical  results  by  this  method  are  given  in  Table  III. 

If  a  sample  contains  acidic  material  correction  must  be  made. 
A  weighed  amount  of  sample  is  condensed  on  35  ml.  of  dehy¬ 
drated  acetone  and  5  ml.  of  pyridine,  as  already  described,  and 
the  gas  allowed  to  evaporate  taking  the  precautions  previously 
given  Twenty-six  milliliters  of  absolute  ethyl  alcohol  are  added 
and  the  mixture  is  titrated  with  0.1  N  sodium  hydroxide  using 
phenolphthalein.  It  would  be  ideal  if  one  could  take  portions  of 
equal  mass  for  the  determination  of  acidity  and  for  water,  but 
this  being  impractical  the  volume  of  sodium  hydroxide  used  in 
the  acidity  titration  is  corrected  to  what  it  would  be  for  the 
quantity  of  sample  used  in  the  water  determination  and  this  is 
added  to  the  blank. 

In  the  course  of  the  present  work  no  plant  sample  was  found  to 
contain  acid  nor  alkali;  therefore  a  number  of  blends  were  pre¬ 


pared  to  contain  approximately  0.2%  by  volume  of  acidic  or 
basic  materials  that  could  conceivably  be  present  in  such  gases. 
Determinations  of  water  in  these  blends  yielded  satisfactory  re¬ 
sults  (Table  I). 


PRECAUTIONS 


To  prevent  bumping  and  mechanical  carry-over  of  water  the 
gas  should  be  thoroughly  cooled  before  pumping  is  started  and 
the  cold  bath  should  not  be  removed  until  the  flask  has  been 
evacuated.  Sometimes  bumping  occurs  after  the  solution  has 
warmed,  particularly  if  particles  of  stopcock  grease  or  rust  from 
the  sample  container  have  been  carried  into  the  flask,  but  this 
may  be  overcome  by  replacing  the  bath  until  the  mixture  is  again 
cool. 

Air  must  be  completely  excluded  from  the  system  while  it  is 
evacuated  and  cold.  After  condensed  gases  have  been  removed, 
the  system  should  be  kept  closed  until  a  positive  pressure  builds 
up  in  the  flask  and  then  it  may  be  opened,  when  necessary,  through 
the  drying  tube. 

Pipets  must  be  uniformly  dry;  this  is  ensured  by  drawing 
laboratory  air  through  them  for  5  minutes  before  using. 

Noncondensable  gases  should  not  be  charged  faster  than  30 
liters  per  hour  (Table  II). 

The  large  difference  between  the  solubility  of  water  in  a 
liquefied  hydrocarbon  and  the  quantity  of  water  possible  in  the 
vapor  in  equilibrium  with  the  liquid  phase  makes  it  imperative 
that  portions  of  liquefied  samples  should  not  be  taken  from  the 
vapor  side  of  a  container.  It  is  safest  to  use  the  entire  sample 
and  include  the  acetone  washings  of  the  container. 

Calculations.  1  ml.  of  0.1  N  NaOH  o  0.0018  gram  of  H20 

Water  in  Samples  Which  Condense  Completely  at  the  Tem¬ 
perature  of  the  Cooling  Bath. 

w.uwffn_  0.18  X  [a  -  (b  +  c)] 
eig  2  weight  of  sample  in  grams 

a  =  ml.  of  0.1  A  NaOH  for  titration  of  sample 

b  =  ml.  of  0.1  N  NaOH  for  blank 

c  =  ml.  of  0.1  N  NaOH  required  for  acid  in  sample 


Water  in  Samples  Which  Do  Not  Condense  at  the  Tempera¬ 
ture  of  the  Cooling  Bath. 


Weight  %  H20 


0.18  X  [o  -  (6  +  c)]  X  (273  +  t)  X  760 
V  X  28.32  X  G  X  1.293  X  273  X  P 


a  =  ml.  of  0.10  N  NaOH  for  titration  of  sample 
b  =  ml.  of  0.10  N  NaOH  for  blank 
c  =  ml.  of  0.10  N  NaOH  required  for  acid  in  sample 


Table  III.  Determination  of  Water  in  Knowns  and  Unknowns 


Water 


in  No. 

Sample 

Present 

Mg. 

Found 

Mg. 

1 

Commercial  butane 

19.2 

19.2 

2 

13.9 

13.8 

3 

14.0 

13.9 

4 

19.2 

18.9 

5 

8.3 

8.3 

6 

20.6 

20.7 

7 

Commercial  propane 

27.8 

27.4 

8 

25.5 

25.5 

9 

32.6 

32.3 

10 

17.5 

17.7 

11 

Butadiene-1,3 

29.2 

29.4 

12 

26,7 

26.8 

13 

Mixture  of  n-  +  iso- 

31.0 

31.0 

14 

butane  +  isopentane 

20.2 

20.1 

%  by  wt. 

15 

16 

17 

18 

19 

Plant  gas 

Unknown 

0.0060-0.0065 

0.0010-0.0012 

0.0041-0.0044 

0.0086-0.0090 

0.0022-0.0020 
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Table  IV.  Effect  of  Water  Content  of  Acetone  on  Recovery  of 
Water  from  Methane 


Water  Present  in 
Acetone 
Mg. /ml. 

2.60 

2.20 

1.56 

0.92 

0.66 

0.62 

0.22 

0.16 


Water  Added  to 
Dried  Methane 
Mg. 

23.7 

19.9 
22.4 
37.6 

22.3 

26.9 

18.3 

32.4 


Water  Found3 
Mg. 

19.1 

10.5 

13.8 

25.0 

12.4 

27.4 

17.7 

31.8 


°  Corrected  for  water  present  in  acetone. 


V  =  volume  of  sample  in  cu.  ft. 

G  =  gravity  of  sample 

P  =  barometric  pressure  +  average  meter  pressure  —  vapor 
pressure  of  water  at  t,  all  expressed  as  mm.  of  mercury 

t  =  meter  temperature,  °  C. 

The  reason  for  requiring  dehydrated  acetone  in  the  proposed 
method  is  unexplained  at  this  writing.  However,  numerous  ex¬ 
periments  have  demonstrated  the  fact  that  ordinary  c.p.  acetone 
is  unsatisfactory  and  that  reliable  results  are  obtained  if  the 
acetone  does  not  contain  more  than  0.5  mg.  of  water  per  ml.  This 
fact  is  borne  out  by  Table  IV. 

Knowns  were  prepared  by  passing  carefully  dried  gas  through 
a  small  bubble  counter,  which  in  some  experiments  was  warmed, 
containing  a  small  amount  of  water.  The  water  vapor  was 
carried  by  the  gas  and  passed  with  it  to  the  dehydrated  acetone. 


The  amount  of  water  vapor  employed  was  determined  from  the 
difference  in  weight  of  the  humidifier  before  and  after  passage  of 
the  gas.  The  entire  known  was  used  in  each  determination. 
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Assay  of  Lead  and  Sodium  Azide  by  Cerate  Oxidimetry 

J.  W.  ARNOLD1,  Inspection  Board  of  the  United  Kingdom  and  Canada 


LEAD  azide  is  a  salt  of  hydrazoic  acid,  HN3  (aziomide).  It  is 
a  very  sensitive  and  powerful  explosive  and  is  used  in  per¬ 
cussion  detonators  and  in  detonators  which  are  ignited  by  a  flash. 

Various  methods  for  determining  the  azide  value  of  lead  azide 
have  been  proposed  and  used.  At  least  two  procedures  based  on 
solution  of  the  sample  and  reprecipitation  of  the  azide  as  in¬ 
soluble  silver  azide  with  standard  silver  nitrate  solution  have  been 
described.  Another  more  widely  used  procedure  is  by  deter¬ 
mination  of  the  nitrogen,  based  on  the  reaction  of  ammonium 
hexanitratocerate  and  lead  azide  according  to  the  following  equa¬ 
tion: 

Pb(N,)2  +  2(NH4)  2 .  Ce(N  03)  6  — 

Pb(N03)2  +  4NH4NO3  +  2Ce(N03)3  +  3N2 

The  evolved  nitrogen  is  measured  in  a  water-jacketed  nitrom¬ 
eter  over  water  (4). 

This  report  is  concerned  with  describing  a  procedure  based  on 
the  reaction  of  ammonium  hexanitratocerate  and  lead  azide,  the 
cerate  being  added  to  excess  and  the  excess  titrated  with  ferrous 
sulfate  employing  o-phenanthroline  ferrous  complex  as  the  indi¬ 
cator. 


REAGENTS 

Ammonium  hexanitratocerate,  (NH4)2Ce(N03)6,  molecular 
weight  548.25,  0.1  .V  in  1  N  nitric  acid.  Dissolve  54.8  grams  of 
ammonium  hexanitratocerate  in  60  cc.  of  concentrated  nitric  acid 
(70%  specific  gravity  1.42)  and  40  cc.  of  water.  Stir  well.  Add 
4  cc.  of  nitric  acid  plus  96  cc.  of  water  and  stir  well.  Dilute 
slowly  to  1  liter  with  water,  stirring  continuously.  Protect 
solution  from  light  (2) . 

Ferrous  sulfate,  0.1  N  in  6  N  sulfuric  acid.  Store  solution 
under  hydrogen. 


1  Present  address,  59  Emerald  Crescent,  New  Toronto,  Ontario,  Canada. 


o-Phenanthroline  ferrous  complex,  indicator  solution.  To 
1000  ml.  of  ferrous  sulfate,  0.025  molar  solution,  add  14.85 
grams  of  o-phenanthroline  monohydrate,  Ci2H8N2  .  H20  (S) . 

Sodium  oxalate  (primary  standard  grade),  supply  dried  at 
100°  C.  for  2  hours. 

Potassium  dichromate,  0.1  A  solution,  prepared  from  accu¬ 
rate  weight  of  dried  reagent. 


STANDARDIZATION  OF  AMMONIUM  HEXANITRATOCERATE 
SOLUTION 

Direct  Method  with  Sodium  Oxalate  (2).  Weigh  accu¬ 
rately  0.3000  gram  of  primary  grade  sodium  oxalate,  previously 
dried  for  2  hours  at  100°  C.,  and  place  in  a  250-ml.  Erlenmeyer 
flask.  Moisten  with  10  ml.  of  distilled  water,  add  75  ml.  of  1.0 
molar  sulfuric  acid,  and  run  in  50  ml.  of  ammonium  hexanitrato¬ 
cerate  from  a  buret.  Heat  to  50°  and  allow  to  cool  to  room 
temperature.  Add  one  drop  of  the  indicator  and  titrate  the 
excess  ammonium  hexanitratocerate  with  approximately  0.1  A 
ferrous  sulfate  solution  prepared  as  above. 

Titrate  50  ml.  of  the  cerate  solution  with  the  ferrous  sulfate 
solution,  following  the  above  procedure. 


Calculations.  \Y  nere  a  =  ml.  ferrous  sulfate  required  to  re¬ 
duce  50  ml.  of  cerate  solution 
b  =  ml.  ferrous  sulfate  solution  re¬ 
quired  to  reduce  excess  cerate 
solution 

w  =  weight  of  sodium  oxalate 
Equivalent  weight  of  Na2C204  =  67.01 

Cerate  normality  = - W  X 


67.01  X 


(“  -  “) 


Indirect  Method  with  0.1  A  Solution  of  Potassium 
Dichromate  (2) .  Measure  out  50  ml.  of  the  dichromate  from  a 
calibrated  buret  or  pipet  into  a  250-ml.  Erlenmeyer  flask,  and 
dilute  to  100  cc.  with  distilled  water.  Add  2  drops  of  the’indi- 
cator  and  carry  out  titration  with  ferrous  sulfate  solution,  0.1  A 
in  6  A  sulfuric  acid.  Having  obtained  the  relationship  between 
the  ferrous  sulfate  solution  and  the  standard  dichromate  solution,  • 
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the  normality  of  the  cerate  solution  may  be  determined  by  finding 
the  relationship  between  the  cerate  and  ferrous  sulfate. 

PROCEDURE  FOR  AZIDE  VALUE  OF  LEAD  AZIDE 

Accurately  weigh  0.3000  gram  of  lead  azide  on  a  small  paper 
scoop  and  place  in  a  250-ml.  Erlenmeyer  flask  containing  a 
small  amount  of  water  on  the  bottom  to  cushion  the  fall  of  the 
azide  crystals.  Add  to  the  flask  50  ml.  of  distilled  water  and  50 
ml.  of  standard  0.1  N  ammonium  hexanitratocerate  solution 
from  a  calibrated  buret.  Gently  agitate  the  flask  during  the 
addition  of  the  cerate  and  wash  down  the  sides  of  the  flask  with  a 
small  amount  of  distilled  water  at  the  completion  of  this  opera¬ 
tion.  After  addition  of  one  drop  of  indicator,  titrate  the  excess 
cerate  with  ferrous  sulfate  solution  (prepared  as  above);  the 
end  point  is  a  sharp  change  from  pale  green  to  reddish  yellow. 
At  the  end  point  the  solution  should  be  very  closely  (as  practical) 
1  molar*in  sulfuric  acid.  If  it  is  necessary  to  add  extra  sulfuric 
acid  for  this  adjustment,  the  previously  calculated  acid  should  be 
added  close  to  the  end  point.  A  blank  determination  is  also  run. 
Once  the  titration  is  commenced  it  should  be  completed  as 
speedily  as  possible,  because  of  the  presence  of  plumbous  ions  in 
the  solution. 

Calculation.  The  cerate  solution  is  more  stable  than  the 
ferrous  sulfate,  and  should  be  considered  as  the  standard  solu¬ 
tion  in  the  procedure  and  checked  periodically.  For  ease  of 
calculation,  the  normality  of  the  ferrous  sulfate  is  computed  daily 
from  the  blank  runs  using  the  existing  normality  of  the  cerate. 

Where  a  =  ml.  of  ferrous  sulfate  to  reduce  50  ml.  of  cerate 
solution  of  known  normality 
b  =  ml.  of  ferrous  sulfate  to  reduce  excess  cerate  solu¬ 
tion 

X  =  normality  of  the  ferrous  sulfate,  computed  daily 
from  readings  obtained  at  a 
w  =  weight  of  lead  azide  taken 
Equivalent  weight  of  lead  azide  —  1/2Pb(N3)2  =  145.63 

T  ,  .  ,  .  (a-b)  XXX  14.563 

Lead  azide  value  = - - 

w 

Experimental.  The  method  was  carefully  checked  against 
two  other  procedures  indicated  in  Table  I,  with  one  trained 
operator  working  under  ideal  conditions  on  one  sample  of 
lead  azide.  Table  I  presents  the  data  from  ten  consecutive 
trials  by  each  of  three  procedures. 

The  standard  deviation  of  the  results  is  calculated  by  use  of 
the  following  equation: 


where  d  is  individual  deviation  of  each  result  from  averat  e  ( 1 1. 

The  determinations  by  the  cerate  method  were  completed  in 
much  less  time  than  those  by  the  other  two  procedures,  owing  to 
shorter  manipulation  and  calculation. 

Summary  and  Conclusions.  The  experimental  work  has 
shown  that  the  above  procedure  gives  results  slightly  less  re¬ 
producible  than  those  obtained  by  refined  gasometric  procedure, 
the  standard  deviation  and  range  being  greater  for  the  cerate 
method.  The  main  advantages  of  this  procedure  over  the 
gasometric  are  its  simpler  manipulation  and  shorter  calculation. 
The  outlined  procedure  is  shown  in  experimental  work  to  give 
more  reproducible  results  than  those  obtained  by  the  argento- 
metric  procedure  and  to  possess  the  advantages  mentioned  above. 

PROCEDURE  FOR  AZIDE  VALUE  OF  SODIUM  AZIDE 

This  procedure  is  also  adaptable  to  the  assay  of  sodium  azide, 
used  in  the  manufacture  of  lead  azide.  Sodium  azide  is  safe  to 
handle.  However,  aqueous  solutions  must  not  be  run  to  waste 
without  first  destroying  the  azide,  because  it  reacts  readily  with 
salts  of  the  heavy  metals  to  give  azides  of  the  heavy  metals, 
many  of  which  are  sensitive  detonating  explosives — e.g.,  lead 
azide. 

One  procedure  for  determining  the  azide  content  is  to  make  a 
neutral  aqueous  solution  of  the  sample,  precipitate  the  bulk  of  the 
azide  as  silver  azide  with  standard  0.1  N  silver  nitrate,  filter  off 
the  silver  azide,  and  continue  the  titration  with  standard  0. 1  A 
silver  nitrate,  using  potassium  chromate  solution  as  the  indicator. 


Table  I.  Comparison  of  Lead  Azide  Values  Obtained  by  Three 

Methods 


Trial  No. 

Cerate 

Method 

Gasometric 

Method® 

Argentometric 
Method  & 

i 

97.0 

97.1 

95.7 

2 

97.4 

97.4 

96.1 

3 

■  96.9 

97.3 

95.5 

4 

96.9 

97.3 

96.0 

5 

97.4 

97.4 

95.5 

6 

96.9 

97.2 

96.1 

7 

97.1 

97.3 

95.9 

8 

97.1 

97.4 

95.4 

9 

97.1 

97.6 

95  6 

10 

96.8 

97.4 

95.7 

Arithmetical  average,  X 

97.1 

97.3 

95.8 

Standard  deviation,  a 

0.20 

0.13 

0.25 

High  value 

97.4 

97.6 

96.1 

Low  value 

96  8 

97.1 

95.4 

Range 

0.6 

0.5 

0.7 

a  By  measurement  of  evolved  nitrogen  from  reaction  of  ammonium  hexa¬ 
nitratocerate  with  lead  azide. 

&  Involving  precipitation  of  azide  as  silver  azide. 


Reagents,  as  described  for  lead  azide. 

Procedure.  Accurately  weigh  0.3000  gram  of  sodium  azide 
previously  dried  to  100°  C.  and  cooled,  and  place  in  a  250-ml. 
Erlenmeyer  flask.  Dissolve  the  sodium  azide  in  100  ml.  of  distilled 
water  and  add  50  ml.  of  the  standard  ammonium  nitratocerate  by 
buret.  Gently  agitate  the  flask  during  the  addition  of  the  cerate 
and  wash  down  the  sides  of  the  flask  with  a  small  amount  of  dis¬ 
tilled  water  at  the  completion  of  this  operation.  Add  one  drop  of 
o-phenanthroline  indicator  and  titrate  the  excess  cerate  with  fer¬ 
rous  sulfate  solution;  the  end  point  is  a  sharp  change  from  pale 
green  to  reddish  yellow.  At  the  end  point  the  solution  should  be 
very  closely  1  molar  in  sulfuric  acid.  The  previously  calculated 
acid  may  be  added  just  prior  to  the  final  titration  or,  as  in  lead 
azide,  just  prior  to  the  end  point.  Titrate  50  ml.  of  the  cerate 
solution  with  the  ferrous  sulfate  solution  following  the  above 
procedure. 

Calculation,  a  =  ml.  of  ferrous  sulfate  to  reduce  50  ml.  of 

the  standard  cerate  solution 
b  =  ml.  of  ferrous  sulfate  to  reduce  excess 
cerate 

X  =  normality  of  ferrous  sulfate,  computed 
daily  from  readings  obtained  in  a 
iv  =  weight  of  sodium  azide  sample 
Equivalent  weight  of  sodium  azide  (XaX3)  =  64.997 

„  .,  .  (a  —  b)  X  X  X  6.4997 

bodium  azide  value  =  - 

w 


Table  II.  Comparison  of  Sodium  Azide  Values  by  Two  Methods 


Trial  No 

Cerate 

Method 

Titration 

1 

99.3 

99.0 

2 

99.6 

99.2 

3 

99.3 

99.3 

4 

99.3 

99.7 

5 

99.4 

99.8 

6 

99.4 

99.4 

7 

99.3 

99.7 

8 

99  4 

99.4 

9 

99.6 

99.4 

10 

99.3 

99.1 

Arithmetical  average,  X 

99.4 

99.4 

Standard  deviation,  a 

0.11 

0.25 

High  value 

99.6 

99.8 

Low  value 

99.3 

99.0 

Range 

0.3 

0.8 

a  Titration  with  standard  0.1  N  silver  nitrate,  bulk  of  silver  azide  being 
filtered  off  prior  to  end  point  and  titration  continued,  using  potassium  chro¬ 
mate  solution  as  the  indicator. 


Experimental.  The  cerate  titrimetric  procedure  was  care¬ 
fully  checked  against  one  other  procedure  as  indicated  in  Table  II, 
with  one  trained  operator  working  under  ideal  conditions  on  one 
sample  of  sodium  azide.  Table  II  presents  the  data  from  ten 
consecutive  trials  by  each  of  two  procedures. 

Summary  and  Conclusions.  The  method  as  applied  to 
sodium  azide  has  none  of  the  disadvantages  of  existing  argento- 
metric  procedures.  The  end  point  is  sharp  and  clear,  and  no  fil¬ 
tration  is  required.  Experimental  work  shows  that  results  are 
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more  reproducible  by  the  cerate  procedure  and  are  obtainable 
with  less  manipulation  and  in  a  shorter  time. 

ACKNOWLEDGMENT 

The  writer  gratefully  acknowledges  the  collaboration  of  mem¬ 
bers  of  the  Inspection  Board  Staff.  This  paper  is  published 
with  the  permission  of  the  Inspection  Board  of  the  United  King¬ 
dom  and  Canada. 


LITERATURE  CITED 

(1)  Moran,  R.  F.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  15,  361  (1943). 

(2)  Smith,  G.  F.,  “Cerate  Oxidimetry”,  Columbus,  Ohio,  G.  Freder¬ 

ick  Smith  Chemical  Co.,  1942. 

(3)  Smith,  G.  F.,  and  Richter,  Frederic,  “Phenanthroline  and  Sub¬ 

stituted  Phenanthroline  Indicators,  Their  Preparation,  Proper¬ 
ties,  and  Applications  to  Analysis”,  Columbus,  Ohio,  G.  Freder¬ 
ick  Smith  Chemical  Co.,  1944. 

(4)  Sommer  and  Pincas,  Ber.,  48,  1963  (1915). 


Polarographic  Determination  of  Vitamin  C 
in  Fruits  and  Vegetables 

W.  S.  GILLAM,  Purdue  University,  Lafayette,  Ind. 


A  polarographic  method  for  determining  ascorbic  acid  in  fruits  and 
vegetables  affords  a  reliable  means  of  determining  vitamin  C  in 
quantities  ranging  from  4  to  85  micrograms  per  ml.  of  solution  with 
an  accuracy  of  3.3  to  4.3%,  depending  upon  the  supporting  elec¬ 
trolyte  used.  Variable  results  were  obtained  on  some  extracts — 
e.g.,  dehydrated  beets.  The  half-wave  potential  and  the  diffusion 
current,  respectively,  were  found  to  be  independent  of,  and  pro¬ 
portional  to,  the  ascorbic  acid  concentration  in  the  four  supporting 
electrolytes  studied.  Diffusion  current  constants,  half-wave  poten¬ 
tials,  and  diffusion  coefficients  were  determined  in  four  supporting 
electrolytes.  Results  of  vitamin  C  analyses  on  fruits  and  vegetables 
by  four  different  methods — polarographic,  visual  titration,  photo¬ 
metric,  and  Roe's — were  reported  and  discussed.  The  polarographic 
method  showed  good  agreement  with  the  visual  titration  and  photo¬ 
metric  methods  on  certain  fruit  extracts.  By  making  use  of  the 
diffusion  current  constant  polarographic  determination  of  vitamin  C 
in  certain  materials  is  possible  without  the  necessity  of  calibrating 
the  instrument. 

MOST  of  the  methods  that  have  been  proposed  for  the  esti¬ 
mation  of  vitamin  C  have  been  based  upon  the  oxidation 
of  ascorbic  acid  to  dehydroascorbic  acid  by  a  specific  oxidant  such 
as  2,6-dichlorophenolindophenol.  Roe  {11)  has  developed  a 
method  which  is  based  on  an  entirely  different  reaction  of  as¬ 
corbic  acid — namely,  its  reaction  with  2,4-dinitrophenylhydra- 
zine. 

The  use  of  a  dye  as  a  specific  oxidant  has  certain  limitations. 
The  indophenol  dye  is  not  ideal  because  of  its  relatively  high  oxi¬ 
dation  potential;  materials  other  than  ascorbic  acid  may  be  oxi¬ 
dized.  Its  reaction  with  ascorbic  acid  is  not  instantaneous  and 
'  therefore  the  time  of  reading  the  end  point  and  the  rate  of  addi¬ 
tion  of  the  dye  are  factors  that  may  introduce  errors.  In  the 
absence  of  the  vitamin  the  dye  will  fade,  and  cause  a  drift  in  the 
galvanometer  if  used  in  connection  with  a  photoelectric  colorim¬ 
eter.  For  highly  colored  extracts  the  visual  titration  method  can¬ 
not  be  used,  and  some  modification  of  the  method  must  be  re- 
|  sorted  to,  such  as  the  one  suggested  by  Bessey  {2) . 

Potentiometric  methods  have  been  published  for  estimating 
vitamin  C  ( 1 ,  6)  but  a  continuous  drift  in  potential  throughout 
the  whole  course  of  the  titration  with  the  dye  makes  it  very  diffi¬ 
cult  to  locate  the  end  point  with  any  degree  of  accuracy.  Harris 
et  al.  (5)  using  a  platinum-mercury  electrode  greatly  improved 
the  potentiometric  method.  Their  electrode,  however,  was 
found  to  be  slightly  sluggish  at  the  end  point,  and  when  working 
with  materials  that  were  high  in  content  of  reducing  substances 
they  used  the  less  desirable  bright  platinum  electrode.  Lewis  ( 8 ), 
in  this  laboratory,  found  the  platinum  mercury  electrode  accept¬ 
able  on  extracts  from  fresh  materials  but  unsatisfactory  for  de¬ 
hydrated  products. 

The  polarographic  method,  described  in  this  paper,  differs 


from  most  methods  in  that  a  specific  compound  is  not  used  as  the 
oxidant.  Instead,  ascorbic  acid  is  oxidized  at  the  dropping  mer¬ 
cury  electrode.  Essentially,  it  is  based  on  current  voltage  curves 
and  since  ascorbic  acid  possesses  striking  reducing  properties  this 
method  should  be  applicable  to  vitamin  C  determination.  The 
determination  is  specific,  is  sensitive  to  small  concentrations  of 
ascorbic  acid,  and  colored  extracts  do  not  necessarily  interfere. 
Furthermore,  an  inspection  of  the  anodic  wave  will  definitely  in¬ 
dicate  whether  or  not  interfering  materials  are  present  in  the 

solution  being  analyzed. 

Ivodicek  and  Wenig 
(?)  stated  that  dehydro¬ 
ascorbic  acid  was  not 
reducible  at  the  dropping 
mercury  cathode,  but  a 
characteristic  wave  was 
obtained  when  the  drop¬ 
ping  mercury  electrode 
was  polarized  as  an 
anode.  They  suggested 
using  a  0.066  N  phos¬ 
phate  buffer  (pH  7.0)  in 
all  polarographic  analy¬ 
ses  for  vitamin  C.  Their 
method  of  analysis  was 
suitable  for  orange  juice 
but  they  were  not  suc¬ 
cessful  in  applying  it  to 
extracts  of  plant  or 
animal  tissues.  Other 
constituents  apparently 
hindered  the  electrode 
reaction. 

Cozzi  (S)  reported  the 
use  of  the  polarograph  in 
the  analysis  of  fruit 
juices  and  concluded  that  it  gave  high  results. 

The  present  paper  presents  a  polarographi<r method  for  deter¬ 
mining  vitamin  C  in  plant  materials  which  eliminates  the  ne¬ 
cessity  of  frequently  standardizing  solutions,  is  not  affected  by 
colored  extracts,  and  is  sensitive  to  very  low  concentrations  of  the 
vitamin.  Diffusion  current  constants  and  the  half-wave  poten¬ 
tials  of  ascorbic  acid  in  four  different  supporting  electrolytes  are 
given.  The  results  of  analyses  run  in  this  laboratory  by  four 
different  methods — polarographic,  visual  titration,  photoelectric, 
and  Roe’s  dinitrophenylhydrazine  method  {12) — are  also  re¬ 
ported. 

PRELIMINARY^  INVESTIGATION 

In  the  oxidation  of  organic  compounds  hydrogen  ions  are 
usually  involved  in  the  electrode  reaction — e.g.,  RH„^=— 


Figure  1.  Shift  of  Half-Wave 
Potential  with  Change  of  pH 


1,  28  micrograms  of  ascorbic  acid  per  ml.  at 
pH  3.41.  2,  28  micrograms  of  ascorbic  acid 
per  ml.  at  pH  2.17.  3,  residual  current, 

supporting  electrolyte  II  (phosphate  buffer- 
1.5%  HPO3).  Broken  line,  residual  current 
after  aeration 
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Figure  2.  Calibration  Curve  for  Ascorbic  Acid  in  Supporting 

Electrolyte  II 
Phosphate  buffer-1. 5%  HPOs 


R  +  nll+  +  ne.  Since  the  hydrogen  ion  is  a  component  of  the 
electrode  reaction,  its  concentration  at  the  electrode  surface  is 
current-dependent.  It  is  therefore  evident  that  for  the  polaro- 
graphic  oxidation  of  ascorbic  acid  a  strongly  buffered  solution  is 
required  to  keep  the  concentration  of  the  hydrogen  ions  at  the 
electrode  fairly  constant,  and  equal  to  the  concentration  of  the 
hydrogen  ions  in  the  whole  solution. 

The  number  of  buffer  solutions  suitable  for  use  with  the  polaro- 
graph  is  limited  by  the  fact  that  they  must  contain  no  substance 
that  will  interfere  with  the  ascorbic  acid  anodic  wave. 

Of  approximately  24  buffers  investigated  only  six  yielded  a 
satisfactory  residual  current  curve.  After  a  critical  study  of  pH, 
buffering  capacity,  and  stability  of  ascorbic  acid  in  the  support¬ 
ing  electrolyte  solutions,  two  buffers  were  finally  selected:  po¬ 
tassium  biphthalate-sodium  hydroxide  buffer  (pH  6.2)  and  a 
phosphate  buffer  (pH  8.0) . 

Many  extracting  media  were  investigated  but  all  but  two, 
metaphosphoric  and  oxalic  acids,  were  discarded  because  they 
interfered  with  the  anodic  wave  of  ascorbic  acid  or  the  vitamin 
was  not  sufficiently  stable  in  them.  Of  these  two  acids  oxalic  is 
probably  preferable  since  it  can  be  stored  indefinitely  and  the 
data  indicated  that  it  had  a  greater  stabilizing  effect  on  ascorbic 
acid  and  at  higher  pH’s  than  those  solutions  containing  meta¬ 
phosphate. 

Since  the  half-wave  potential  of  ascorbic  acid  shifts  to  more 
positive  values  with  increasing  acidity,  the  pH  of  the  supporting 
electrolytes  must  be  kept  within  certain  limits.  If  the  pH  values 
are  too  low  the  anodic  wave  of  ascorbic  acid  is  shifted  toward 
such  high  potentials  that  the  limiting  current  cannot  develop 
(or  is  of  such  short  duration  that  it  is  difficult  to  determine)  be¬ 
cause  of  the  interference  of  the  residual  current  (curve  2,  Figure 
1).  Thus  for  supporting  electrolytes  I  and  II  the  pH  must  not 
be  much  below  4.6  and  3.4,  respectively.  On  the  other  hand, 
if  the  pH  values  are  much  greater  than  this  the  vitamin  may  be¬ 
come  unstable. 

Electrolytes  I  and  II  were  used  in  practically  all  the  analyses 
performed  in  this  laboratory.  Electrolytes  III  and  IV  were  used 
only  occasionally. 

In  order  to  obtain  pH  values  of  4.6  and  3.4,  respectively,  for 
supporting  electrolytes  I  and  II  0.25%  oxalic  acid  and  1.5% 
metaphosphoric  acid  were  used.  The  supporting  electrolytes 
consisted  of  a  1  to  1  mixture  of  either  acid  with  the  corresponding 
buffer.  For  example,  supporting  electrolyte  I  consisted  of  one 
volume  of  potassium  biphthalate  buffer  (pH  6.2)  and  one  volume 


of  0.25%  oxalic  acid.  Electrolyte  II  consisted  of  one  volume  of 
the  phosphate  buffer  (pH  8.0)  and  one  volume  of  1.5%  meta¬ 
phosphoric  acid.  Both  solutions  had  excellent  buffering  capaci¬ 
ties,  and  pure  solutions  of  ascorbic  acid  or  extracts  from  natural 
products  were  stable  in  them  for  several  hours  at  room  tempera¬ 
ture.  Electrolyte  III  consisted  of  a  1  to  1  solution  of  biphthalate 
buffer  and  a  solution  consisting  of  0.25  gram  of  oxalic  acid  dis¬ 
solved  in  100  ml.  of  50%  alcohol,  while  electrolyte  IV  contained 
biphthalate  buffer  and  3%  metaphosphate  in  a  1  to  1  ratio. 

METHOD  OF  ANALYSIS 

Reagent.  Potassium  biphthalate  buffer  (pH  6.2),  500  ml.  of 
0.1  M  potassium  acid  phthalate  plus  470  ml.  of  0.1  N  sodium 
hydroxide,  made  up  to  1  liter. 

Phosphate  buffer  (pH  8.0),  50  ml.  of  0.066  M  potassium 
dihydrogen  phosphate  plus  950  ml.  of  0.066  M  disodium  hydro¬ 
gen  phosphate. 

Oxalic  acid  solution,  0.25%;  metaphosphoric  acid  solution, 
1.5%;  and  0.25  gram  of  oxalic  acid  dissolved  in  100  ml.  of  50% 
alcohol. 

Apparatus.  The  current-voltage  curves  were  obtained  by 
means  of  a  Leeds  &  Northrup  Electro-Chemograph.  All  the  po- 
larograms  were  obtained  by  using  an  external  saturated  calomel 
electrode  as  cathode,  connected  to  the  electrolysis  cell  through 
an  agar  bridge  saturated  with  potassium  nitrate. 

All  experiments  were  carried  out  in  a  water  bath  at  25.0°  =*= 
0.2°  C.  The  amount  of  mercury  flowing  from  the  dropping 
electrode  per  second,  designated  by  m,  was  determined  while 
dropping  in  air  (10).  The  m  and  t  values  of  the  dropping  capil¬ 
lary  used  were,  respectively,  2.33  mg.  of  mercury  per  second,  and 
3.0  seconds  when  the  capillary  tip  dipped  into  the  supporting 
electrolyte  and  no  potential  was  applied  to  the  mercury  drop. 
The  drop  time,  of  course,  varies  with  the  nature  of  the  supporting 
electrolyte  and  the  potential  of  the  dropping  electrode,  but  it 
was  found  much  more  expedient,  at  the  start  of  an  analysis,  to 
adjust  the  pressure  on  the  mercury,  so  that  t  =  3.0  seconds  in  all 
the  supporting  electrolytes  used.  In  all  cases  the  drop  time  was 
also  measured  at  the  approximate  potential  at  which  the  diffusion 
current  was  measured.  Thus  for  supporting  electrolyte  I  (bi- 
phthalate-oxalic  acid)  t  =  2.85  seconds,  for  electrolyte  II  (phos¬ 
phate-1. 5%  HP03)  t  =  2.67  seconds,  for  electrolyte  III  (bi- 
phthalate-oxalic  acid-alcohol)  t  =  2.81  seconds,  and  for  electro¬ 
lyte  IV  (biphthalate-3%  HP03)  t  =  2.68  seconds,  respectively, 
when  a  potential  of  0.19,  0.26,  0.14,  and  0.30  volt  was  applied  to 
the  mercury  drop.  The  value  of  m2/ » <*/•  for  the  capillary  used 
was  2.08. 

Procedure.  A  given  weight  of  the  material  to  be  analyzed 
is  whipped  in  a  Waring  Blendor  with  a  known  volume  of  meta¬ 
phosphoric  or  oxalic  acid  for  2  to  5  minutes  (4).  The  extract 
is  then  filtered  through  a  dry  fluted  filter  paper.  A  2-  or  5-ml. 
aliquot  of  the  filtrate  is  withdrawn,  an  equal  volume  of  the  buffer 


Figure  3.  Current-Voltage  Curves  of  Ascorbic 
Acid  in  Supporting  Electrolyte  II  at  25°  C. 

1, 23  micrograms  of  ascorbic  acid  per  ml.  2,  11.7  micrograms  of 
ascorbic  acid  per  ml.  3,  residual  current.  Broken  line,  residual 
current  after  aeration.  Range  of  recorder,  10  microamperes 
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solution  is  added,  and  the  well-mixed  solution  is  polaroeranhed 
between  —0.1  and  +0.3  volt. 

The  diffusion  current  is  then  measured  on  the  polarogram 
corrected  for  the  residual  current  of  the  supporting  electrolyte’ 
and  the  corresponding  concentration  of  vitamin  C  is  read  off  the 
calibration  graph,  Figure  2. 

If  the  concentration  of  ascorbic  acid  in  the  aliquot  used  is  too 
great  to  give  a  satisfactory  limiting  current,  the  sample  may  be 
diluted  with  the  supporting  electrolyte  being  used  or  a  lower 
sensitivity  of  the  instrument  may  be  employed.  In  analyzing 
solutions  one  rnerely  adds  a  1-  to  5-ml.  aliquot  to  an  equal  volume 
Df  the  supporting  electrolyte,  and  polarographs  the  solution. 

ANALYTICAL  RESULTS 

The  instrument  was  calibrated  by  polarographing  solutions 
'obtaining  known  amounts  of  crystalline  ascorbic  acid,  shown  to 
lave  a  purity  of  98%  by  an  iodine  titration.  The  residual  cur- 
ent  was  determined  for  each  supporting  electrolyte  by  polaro- 
jraphing  the  solution  between  -0.1  and  +0.3  volt  at  each 
ange  of  the  recorder— e.g.,  40,  28,  10,  5,  4,  3,  and  2  microam- 
>eres.  This  corresponds  to  a  range  of  Vao  to  full  sensitivity  of  the 
lalvanometer.  The  corrected  diffusion  currents  were  then  ob- 
ained  by  measuring  the  distance  between  the  limiting  current  and 
he  residual  current. 

All  the  residual  current  curves  were  similar  to  the  one  plotted 
a  Figures  1  and  3,  in  that  they  showed  a  pronounced  cathodic 
urrent  between  —0.1  and  +0.1  volt.  Although  cupric  ions 
dll  give  a  cathodic  current  within  this  voltage  range,  the  wave 
oted  was  due  to  oxygen.  Consequently  it  can  readily  be  re- 
loved  by  aerating  the  solutions  with  either  nitrogen  or  carbon 
loxide.  The  residual  eurrent  curve,  after  aeration,  is  indicated 
y  the  broken  line  in  Figures  1  and  3. 

Oxygen  was  not  removed  from  the  solutions  analyzed  because 

•  did  not  interfere  with  the  ascorbic  acid  determinations  and  by 
timinating  the  aeration  procedure  considerable  time  was  saved. 

Table  I  illustrates  the  reproducibility  of  the  results  in  a  num- 
er  of  repeated  determinations  on  extracts  from  natural  products 
ad  on  several  pure  solutions  containing  varying  amounts  of  as- 
irbic  acid.  The  maximum  coefficient  of  variation  for  the  de- 
srminations  listed  on  natural  products  is  ±1.6%. 

The  half-wave  potentials,  determined  experimentally,  the 
ffusion  coefficients,  and  diffusion  current  constants  are  listed 
Table  II.  The  diffusion  current  constants  for  supporting 
ectrolytes  I,  II,  III,  and  IV,  respectively,  are  constant  to 
2.2,  ±2.2,  ±2.0,  and  ±3.9%. 

Theoretically,  the  shift  of  the  half-wave  potential  with  chang- 
g  pH  values  should  be  0.059  volt  per  pH  unit.  This  shift  was 
perimentally  determined  in  two  supporting  electrolytes 
phosphate  buffer-1. 5%  metaphosphate)  and  phthalate  buffer- 
25%  oxalic  acid)  and  was  found  in  each  case  to  be  0.056  volt 

■r  pH  unit,  which  is  in  very  good  agreement  with  the  theoretical 
'igure  1). 

The  value  of  the  half-wave  potential  was  found  to  be  inde- 
ndent  of  the  ascorbic  acid  concentration  in  all  the  supporting 
ectrolytes  studied  (Figure  3) . 

Many  naturally  occurring  products  have  been  successfully 

•  alyzed  in  this  laboratory  by  the  polarographic  method  and  a 

iv  of  these  results  are  reported  in  Tables  III  and  IV.  _ 

esh  materials  such  as  orange,  lemon,  grapefruit,  tangerine, 

'uliflower,  tomato,  pepper,  spinach,  lettuce,  apple,  and 
I  tato,  and  plant  tissues  such  as  tomato,  mustard,  turnip, 
i  d  beet  tops,  have  been  analyzed  and  found  to  yield  satis- 
litory  anodic  waves.  Dehydrated  potatoes  and  carrots 
lewise  have  been  successfully  analyzed,  and  with  special 
[tcautions  the  vitamin  C  content  of  dehydrated  beets 
1  d  onions  can  be  determined. 

Several  polarograms  obtained  from  fruit  and 
actable  extracts  are  shown  in  Figure  4.  From  5 
t  25  grams  of  the  material  were  extracted  with 
7 5%  oxalic  acid,  except  in  the  case  of  H  and  I,  fol¬ 
ding  the  procedure  previously  described,  and  a  5- 


ml.  aliquot  was  polarographed.  The  anodic  waves  obtained  from 
the  extracts  do  not  always  coincide  with  the  residual  current 
curve  in  the  range  -0.1  to  0  volt,  the  former  usually  lying  below 
the  latter.  Thus  a  correction  must  be  applied  to  obtain  the  true 
diffusion  current.  Under  such  conditions,  or  when  the  limiting 
current  is  not  well  defined,  it  has  been  found  advantageous  to 
determine  the  true  diffusion  current  by  taking  the  difference  in 
current  at  two  predetermined  potential  points.  By  this  method 
it  is  only  necessary  to  select  two  reference  potential  points  to  be 
used  in  calibration  and  in  subsequent  analyses  of  solutions. 
With  this  particular  electrolyte  (I)  the  potentials  used  were  0 
and  0.2  volt.  The  corrected  diffusion  current  is  then  taken  as 
the  difference  in  current  at  the  two  potentials,  minus  the  differ¬ 
ence  in  current  at  these  two  potentials  when  the  ascorbic  acid 
concentration  is  known  to  be  zero. 

Many  of  these  materials  were  analyzed  by  four  different  meth¬ 
ods— polarographic,  visual  titration,  photometric,  and  Roe’s 
methods  (Tables  III  and  IV). 

DISCUSSION 

The  calibration  curves  show  that  ascorbic  acid  can  be  deter¬ 
mined  with  an  accuracy  of  3.3%  in  supporting  electrolyte  I  when 
the  ascorbic  acid  concentration  lies  between  IS  and  85  micro¬ 
grams  per  ml.  In  the  concentration  range  5  to  13  micrograms 
per  ml.  the  accuracy  is  4.0%.  In  electrolyte  II  the  accuracy  is 
4.3%  over  a  range  in  concentration  of  3.5  to  85  micrograms  per 


Table  I.  Reproducibility  of  Results 

(Micrograms  of  ascorbic  acid  per  ml.  of  solution) 
Material  Material 


Tomato 

61.6 

Spinach 

60.0 

60.1 

60.0 

61.6 

62.2 

60.8 

58.0 

Mean 

61.0 

60.0 

Average  deviation 

0.6 

10 

Coefficient  of  variation,  % 

1.0 

1.6 

Tomato 

94.0 

Cauliflower 

180.0 

94.0 

182.0 

94.0 

180.0 

Mean 

94.0 

180.6 

Average  deviation 

0.0 

0  9 

Coefficient  of  variation,  % 

0.0 

0.5 

Orange 

40.0 

Pepper 

137.6 

40.0 

132.0 

40.8 

130.0 

39.6 

133.2 

Mean 

40.1 

133.2 

Average  deviation 

0.4 

2  2 

Coefficient  of  variation,  % 

1.0 

1.6 

Pure  Solution  of  Ascorbic  Acid 


Contained 

Found 

300 

300 

300 

300 

321 

325 

38 

38 

30 

30 

30 

30 

30 

30 

22 

21.8 

11.7 

11.7 

Table  11.^  Half-Wave  Potentials  (Volts  vs.  Saturated  Calomel  Electrode  a 
25  C.),  Diffusion  Coefficients,  and  Diffusion  Current  Constants 


Supporting 

Half-Wave 

Diffusion 

Diffusion 

Electrolyte 

Potential 

Coefficient 

Current  Constant 

Sq.  cm.  sec.'1 

id/C 

M/CmVsf’/qs) 

Biphthalate  buffer- 

0.25%  oxalic  acid 
(I) 

Phosphate  buffer- 

0.10 

5.7  X  10-« 

6.25 

3.00 

.1.5%  HPOa  (II) 
Biphthalate  buffer- 

0.17 

6.2  X  10-5 

6.34 

3.04 

0.25%  oxalic  acid 
in  50%  alcohol 

(HI) 

Biphthalate  buffer— 

0.06 

3.6  X  10-5 

4.88 

2.34 

3%  HPOs  (IV) 

0.24 

5.3  X  10-5 

6.02 

2.88 
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Table  III.  Analyses  of  Tomatoes  Extracted  with  3%  HPOj 

(Milligrams  of  ascorbic  acid  per  gram  of  fresh  weight) 
Polarographic 


Sample 


Method 


Visual  Titration 
Method"1 


2  to  4%  and  in  two  cases  the  former  values  were  slightly  higher 
than  the  visual  titration  values. 

In  the  case  of  cauliflower  (Table  IV)  the  polarographic  value 
was  considerably  higher  than  that  obtained  by  the  visual  titra¬ 
tion  method. 


633-5-5-3 

1956-1-L 

1554-2 

633-5-S-2 

1956-1-S 

633-5-1-2 


0.452 

0.398 

0.479 

0.390 

0.380 

0.361 


0.516 

0.411 

0.565 

0.447 

0.407 

0.398 


Analyzed  by  J.  W.  Porter. 


ml.  With  electrolyte  III  the  accuracy  is  4.0%  (concentration 
range,  5  to  95  micrograms  per  ml.),  and  in  electrolyte  IV  the 
accuracy  is  4.3%  over  a  range  in  concentration  of  8  to  85  micro- 
grams  of  ascorbic  acid  per  ml. 

The  data  in  Table  IV  illustrate  conclusively  that  the  polaro¬ 
graphic  method  checks  very  well  with  the  visual  and  photometric 
methods  on  several  fruit  and  vegetable  extracts. 

Theoretically,  the  polarographic  method  might  be  expected 
to  give  more  accurate  results  than  any  method  which  uses  the 
indophenol  dye.  For  obvious  reasons  the  values  obtained  by  the 
visual  titration  method  might  be  expected  to  be  slightly  higher 
than  those  obtained  by  the  polarographic  method.  Theoretically 
the  polarographic  method  is  more  specific  because 
each  compound  is  characterized  by  its  half-wave 
potential.  When  several  electrooxidizable  sub¬ 
stances  are  present  in  the  solution  each  one  will 
produce  its  own  characteristic  wave  if  the  half¬ 
wave  potentials  are  far  enough  apart.  Thus,  com¬ 
pounds  such  as  glutathione  or  cysteine  should  not 
interfere  in  certain  acid  supporting  electrolytes. 

The  data  in  Table  III  may  indicate  that  the 
polarographic  method  is  more  specific  than  the 
visual  titration  method  in  these  particular  extracts. 


In  all  the  analyses  Roe’s  method  (12)  gave  rather  high  results. 
This  was  to  be  expected,  since  his  method  determines  total  vita¬ 
min  C  content  (ascorbic  plus  dehydroascorbic  acid),  and  the 
difference  between  these  values  and  those  obtained  by  the  polaro¬ 
graphic  method  was  attributed  to  the  presence  of  dehydroascorbic 
acid.  However,  several  of  these  values,  notably  those  for  fresh 
potato  and  lettuce,  appeared  to  be  too  high.  For  this  reason 
Roe’s  method  was  included  in  the  analyses  of  certain  citrus  fruits, 
where  dehydroascorbic  acid,  if  present  at  all,  would  be  in  very 
low  concentration.  Curiously,  Roe’s  method,  even  on  these 
products,  gave  very  high  values;  in  one  instance  (tangerine) 
the  value  was  300%  greater  than  the  value  obtained  by  the  polaro¬ 
graphic  or  visual  titration  methods.  To  check  this  further 
these  extracts  were  treated  with  hydrogen  sulfide  and  subse¬ 
quently  analyzed  by  the  polarographic  and  visual  methods 
(Table  V).  Results  indicated  there  was  very  little,  if  any,  de¬ 
hydroascorbic  acid  present  in  the  citrus  fruit  extracts  studied. 

Additional  work  dealing  with  these  four  methods  of  analysis 
will  be  reported  in  a  later  paper. 


The  tomatoes  fisted  in  this  table  consisted  of 
the  red-  and  green-fruited  species,  Lycopersicon 
pimpinellifolium  and  Lycopersicon  peruvianum. 
Several  of  these  small  tomatoes  were  whipped  in 
a  Waring  Blendor  with  3%  metaphosphate  and 
filtered,  and  aliquots  of  the  filtrate  were  analyzed 
by  the  two  methods.  A  few  of  these  extracts  were 
slightly  pink  in  color.  Sample  1554-2  gave  the 
most  highly  colored  filtrate  and  both  methods 
showed  it  to  contain  the  greatest  concentration  of 
ascorbic  acid.  The  variation  between  the  two 
analyses,  however,  was  greatest  for  this  sample, 
which  would  indicate  that  slightly  colored  solutions 
tend  to  give  high  values  by  the  visual  titration 
method. 


In  every  case  (Table  III)  whether^  the  filtrate 
was  colored  or  not,  the  visual  titration  values 
were  from  3  to  18%  higher  than  the  polarographic 
values.  This  may  be  due  to  the  fact  that  (a)  a 
small  excess  of  dye  must  be  added  to  indicate  the 
completion  of  the  reaction,  (6)  the  pink  color  in 
some  of  the  extracts  would  tend  to  obscure  the 
end  point,  and  (c)  the  dye  may  have  reacted  with 
reducing  materials  other  than  ascorbic  acid.  All 
these  would  tend  to  increase  the  titration  value. 


Another  sample  of  tomatoes  ( Lycopersicon 
pimpinellifolium)  was  extracted  with  oxalic  acid 
(sample  1,  Table  IV).  This  extract  was  colorless 
but  again  the  visual  titration  value,  as  well  as  the 
photometric  value,  was  considerably  higher  than 
the  value  obtained  by  the  polarograph.  The 
tomato  samples,  2  to  9,  consisted  of  oxalic  acid 
extracts  of  F2  and  Fj  selections  of  crosses  of 
Lycopersicon  esculentum,  L.  hirsutum,  and  L. 
pimpinellifolium  species.  Here,  the  polarographic 
values  check  the  visual  titration  values  within 


Figure  4.  Typical  Polarograms  of  Fruit  and  Vegetable  Extracts 
H  and  I  polarographed  in  rupporting  «Uctrolyt«IIII;  all  othan  in  jupporting  alectrolyla  I 
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Table  IV.  Ascorbic  Acid  in  Fruit  and  Vegetable  Extracts 


Ascorbic  Acid,  Micrograms  per 
Miiiiiiter  of  Extract 


Material 

Polaro- 

Visual 

Photo- 

graphic 

titration0 

metric 

Ascorbic  acid,  300  micro¬ 
grams  per  ml.,  in  1.5% 

HPOj 

300 

302 

306 

Ascorbic  acid,  321  micro¬ 
grams  per  ml.  in  0.25% 

oxalic  acid 

325 

315 

312 

Orange 

40.1 

41.3 

Orange 

27.0 

27.0 

Grapefruit 

42.0 

40.1 

Lemon 

51.1 

50.4 

Tangerine 

33.0 

35.0 

Tangerine 

31.0 

Tangerine 

41.0 

4L0 

Cauliflower 

180.0 

161.0 

Apple 

Tomato 

6.4 

6.0 

... 

i 

80.0 

92.0 

95.0 

2 

0.168 

0.176 

3 

0.200 

0.204 

4 

0.138 

0.138 

5 

0.170 

0.174 

6 

0.126 

0.123 

7 

0.207 

0.214 

8 

0.344 

0.343 

9 

0.182 

0.178 

Roe& 


300 


315 


73.0 

72.8 

108.4 

65.0 

227.2 

10.7 


102.0 


Pepper  132.5 

Lettuce  9.2 

Lettuce  4 .  o 

Fresh  potato  8  4 

Dehydrated  carrots  9.6 


Dehydrated  potatoes 


140.0 

18.2 

27.8 

10.4 


2  225  ...  27.0 

l  0  .  3.0 

i  5.0  .  12.5  6.0 

5  13.0  .  ...  i90 

Dehydrated  onions  30. 0C  25  8 

28.o'  20.5 

“  Analyzed  by  J.  W.  Porter. 

6  Analyzed  by  W.  R.  Lewis. 

teria^°°r  an°dlC  Wave  indicatinK  »  fairly  high  concentration  of  interfering  raa- 


The  polarographic  method  possesses  several  advantages  over 
)ther  published  methods  for  vitamin  C  analysis.  After  the  initial 
:alibration  no  standardization  of  solutions  is  required.  If  oxalic 
tcid  is  used  as  the  extracting  agent  all  solutions  listed  in  the  pro¬ 
cedure  can  be  stored  several  months.  No  pretreatment  of  the  ex- 
i  >ract  is  required  and  colored  extracts  do  not  necessarily  interfere, 

>  .ince  the  method  is  concerned  with  a  specific  and  characteristic 
iroperty  of  the  reaction.  Suspended  matter  which  will  affect 
he  light  absorption  in  the  photoelectric  method  ordinarily  does 
lot  interfere.  However,  with  some  materials— e.g.,  dehydrated 
•otatoes— the  colloidal  content  of  the  extract  may  be  sufficiently 
tigh  to  interfere  with  the  analysis.  In  some  instances  this  can 
'e  alleviated  by  using  the  alcoholic  supporting  electrolyte. 

In  any  analysis  an  inspection  of  the  anodic  wave  will  quickly 
nd  definitely  indicate  whether  or  not  interfering  substances  are 
resent  in  the  extract  being  polarographed.  This  is  not  true  of 
he  visual,  photometric,  or  Roe’s  methods,  for  with  these  one  ob- 
lins  a  given  value  and  has  no  indication  of  the  presence  or  ab- 
j;nce  of  interfering  materials. 

Another  advantage  of  the  polarographic  method  is  that  any 
umber  of  analyses  can  be  run  on  one  and  the  same  aliquot. 

The  method  is  accurate  over  a  range  in  ascorbic  acid  concentra- 
on  of  4  to  85  micrograms  per  ml.  However,  since  there  is  a 
ilution  factor  of  V*  (one  volume  of  extract  plus  one  volume  of 
uffer)  the  extracts  being  analyzed  should  possess  8  to  170  micro- 
•ams  of  ascorbic  acid  per  milliliter  of  solution. 

In  the  analysis  of  materials  having  a  high  content  of  interfering 
ibstances  the  method  becomes  less  reliable  and  may  fail  eom- 
etelj .  How  ever,  even  though  interfering  substances  may 
e\  ent  the  formation  of  a  well-defined  limiting  current  (Figure 
H),  reproducible  results  are  obtained  by  taking  the  difference 
current  at  two  predetermined  potential  points. 

Since  the  diffusion  current  constants  for  four  supporting  elec- 
olytes  have  now  been  determined,  an  ascorbic  acid  analysis  of 


certain  materials  could  be  made  from  a  single  polarogram.  Thus 
the  necessity  of  preparing  standard  solutions  of  ascorbic  acid 
and  calibrating  the  instrument  can  be  eliminated.  The  diffusion 
current  constant  has  previously  been  referred  to  as  iJC,  but  ac¬ 
cording  to  Lingane  (9)  a  more  fundamental  constant  is  u/ 
Thus,  C  =  u/Km^H^,  where  K  is  the  diffusion 
current  constant  expressed  as  id/Cm^H1/*.  From  this  equation 
it  is  evident  that  m  and  t  must  be  known  for  the  capillary  that  is 
used.  The  determination  of  these  two  values  is  very  simple  and 
obviously  requires  much  less  time  than  the  calibration  of  the  in¬ 
strument.  Lingane  ( 9 )  states  1  ’that  with  m  values  in  the  usual 
range  from  about  1  to  3  mg.  per  second,  and  drop  time  between 
2  and  4  seconds,  the  accuracy  of  this  relation  is  as  good  as  the 
accuracy  with  which  one  can  measure  a  diffusion  current”. 

This  procedure  could  certainly  be  used  on  citrus  juices,  but  for 
materials  such  as  potatoes,  dehydrated  products,  etc.,  the  slower 
procedure  of  recording  the  current  at  two  selected  potentials 
must  be  employed  in  order  to  correct  for  the  displacement  of  the 
anodic  wave  above  or  below  the  residual  current  curve  due  to  the 
presence  of  interfering  substances. 

The  diffusion  current  constants  are  also  of  theoretical  interest 
because  they  can  be  used  to  calculate  the  corresponding  diffusion 
coefficients.  Thus  a  measure  of  the  apparent  size  of  the  ascorbic 
acid  molecule  in  the  different  supporting  electrolytes  can  be  ob¬ 
tained.  The  diffusion  coefficients  are  calculated  by  the  applica¬ 
tion  of  the  Ilkovic  equation,  id  =  605  in  which 

n  is  the  number  of  electrons  involved,  2  in  this  case,  D  the  diffu¬ 
sion  coefficient,  C  the  concentration  of  ascorbic  acid  in  millimoles 
per  liter,  m.  the  milligrams  of  mercury  flowing  from  the  capillary 
tip  per  second,  and  t  the  time  in  seconds  required  for  the  forma¬ 
tion  of  one  drop  of  mercury.  Thus  D  =  (FT/1210)2 3 4 5 6 7 8 9 10 11 12  when  K  is  ex¬ 
pressed  as  id/Cm2/Hl  /6  (Table  II). 

Since  the  diffusion  current  constant  of  ascorbic  acid  was  largest 
in  the  phosphate— 1.5%  metaphosphate  supporting  electrolyte,  it 
follows  that  the  apparent  size  of  the  ascorbic  acid  molecule  must 
be  smaller  in  this  medium  than  in  any  of  the  other  aqueous  sup¬ 
porting  electrolytes  investigated.  Similarly,  the  apparent  size 
of  the  ascorbic  acid  molecule  must  be  larger  in  electrolyte  IV 
than  in  either  I  or  II.  In  general,  the  diffusion  coefficients  are 
much  smaller  in  alcoholic  solutions  than  in  water  solutions.  It  is, 
therefore,  impossible  to  make  such  comparisons,  based  on  diffu¬ 
sion  coefficients,  between  supporting  electrolyte  III  and  the 
other  three  aqueous  supporting  electrolytes. 


Table  V.  Comparison  of  Ascorbic  Acid  Contents  of  Fruit  and 
Vegetable  Extracts  before  and  after  HjS  Treatment 

(Micrograms  per  ml.  of  extract) 

After  H2S 


Visual 

39 

39.6 
50  4 
35 
178 


Material 

Polaro¬ 

graphic 

Visual 

Roe 

Polaro¬ 

graphic 

Orange 

40.1 

41.3 

41 

Grapefruit 

42.0 

40.1 

73 

45 

Lemon 

51.1 

50.4 

72.8 

55 

Tangerine 

33 

35 

108 

40 

Cauliflower 

180 

161 

227 

208 
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Rapid  Photometric  Determination  of  Silicon  in  Low  Alloy 

and  Stainless  Steels 

DAVID  ROZENTAL  AND  HALLOCK  C.  CAMPBELL,  Research  and  Engineering  Department,  Arcos  Corporation,  Philadelphia  8,  Pa. 


A  rapid  silicon  analysis  is  described  which  is  ideally  suited  to  the 
needs  of  the  industrial  laboratory.  Routine  accuracy  of  ±0.02% 
silicon  is  achieved  without  use  of  blank  solutions  or  buffers.  Pre¬ 
calibrated  correction  graphs  are  constructed,  which  permit  the  use  of 
distilled  water  as  a  reference  solution.  The  method  is  adaptable  to 
many  types  of  colorimetry  instruments  for  rapid,  routine  analysis  of 
alloy  and  stainless  steels. 

A  RAPID  method  for  the  determination  of  silicon  in  low  alloy 
and  stainless  steels  of  widely  varying  compositions  has  been 
developed  by  this  laboratory,  using  the  Coleman  model  11  spec¬ 
trophotometer.  The  procedure  is  a  modification  and  simplifica¬ 
tion  of  the  colorimetric  method  of  Weihrich  and  Schwartz  (10). 
The  principal  contributions  of  this  paper  are  the  adaptation  of 
the  procedure  to  the  routine  analysis  of  alloy  steels,  and  the 
demonstration  that  when  water  is  used  as  a  ready  reference 
standard  the  method  is  subject  to  interference  only  from  chro¬ 
mium.  It  is  further  shown  that  the  influence  of  chromium  is  in 
direct  proportion  to  the  percentage  of  chromium,  making  it 
easier  to  correct  for  this  interference  by  calculation  than  by  the 
use  of  blank  solutions. 

This  method  of  analyzing  small  quantities  of  silicon  and  silica 
uses  a  principle  already  described  in  numerous  publications  (1— 
10) — namely,  the  development  of  a  colored  complex  by  the  re¬ 
action  of  ammonium  molybdate  and  silica  in  the  presence  of  a 
mineral  acid.  With  suitable  calibration  curves,  the  method  can 
be  used  with  many  of  the  colorimetry  instruments  now'  available. 

The  precision  of  the  procedure  is  ±0.02%  silicon,  which  is 
considered  satisfactory  for  most  steel  analyses.  It  is  the  same 
order  of  magnitude  as  the  usual  variation  in  gravimetric  analyses. 
As  is  shown  below,  the  approximate  chromium  content  of  the  steel 
must  be  known  in  order  to  correct  for  the  interference  of  chro¬ 
mium,  but  average  curves  may  be  drawn  for  the  general  types  of 
stainless  steels,  from  which  silicon  can  be  estimated  to  ±0.04% 
without  knowing  the  chromium  content. 

PROCEDURE 

A.  Dissolving  Low  Alloy  Steels.  To  exactly  200  mg.  of 
chips  or  turnings  contained  in  a  125-ml.  conical  flask,  add  10  ml. 
of  3  N  hydrochloric  acid  (255  ml.  of  concentrated  hydrochloric 
acid  per  liter)  and  10  ml.  of  3  N  nitric  acid  (208  ml.  of  concen¬ 
trated  nitric  acid  per  liter).  Hasten  the  dissolving  by  warming 
the  flask  on  a  low-temperature  hot  plate. 

Note.  It  is  important  to  avoid  any  appreciable  evaporation, 
as  this  will  change  the  pH  of  the  solution  and  thus  affect  the  in¬ 
tensity  of  color  in  later  operations.  However,  for  routine  analy¬ 
sis  it  is  not  necessary  to  measure  or  adjust  the  pH,  provided  the 
flasks  are  removed  from  the  hot  plate  as  soon  as  the  steel  has  dis- 

solved.  ,  . 

B.  Dissolving  Stainless  Steels.  Proceed  as  above,  using 
10  ml.  of  3  N  hydrochloric  acid  and  only  5  ml.  of  3  N  nitric  acid. 
As  soon  as  the  steel  has  dissolved,  add  5  ml.  more  of  3  A  nitric 
acid  and  heat  for  2  or  3  minutes. 

C.  Photometry.  Cool  the  solution  from  A  or  B  and  dilute 
to  exactly  100  ml.  In  steels  containing  columbium  or  tungsten, 
the  solution  must  be  filtered  through  a  dry  paper  before  pipetting 
the  25-ml.  sample  for  measurements.  .  ,  , 

Pipet  25  ml.  of  clear  solution  into  a  100-ml.  comcal  flask  and 
add  5  ml.  of  10%  ammonium  molybdate  solution.  Allow  to  re¬ 
act  for  6  minutes  to  develop  the  maximum  intensity  of  the  yellow 
silicomolybdate  complex.  Then  add  10  ml.  of  2%  sodium  fluo- 
ride  solution,  mix  well,  and  read  immediately  in  the  photometer 
at  a  wave  length  of  420  millimicrons.  The  instrument  is  pre¬ 
viously  adjusted  to  reg,d  100%  transmittance  for  distilled  water. 

The  measurements  in  this  laboratory  are  made  with  a  Coleman 
model  11  spectrophotometer  in  matched  cuvettes  of  20-mm. 


optical  depth.  A  single  determination  takes  about  30  minutes. 
Two  determinations  can  be  completed  in  45  minutes,  and  ten 
in  about  3  hours. 

INTERFERING  ELEMENTS 

Of  the  elements  commonly  present  in  alloy  steels,  chromium 
seems  to  be  the  only  one  which  interferes  with  the  above  procedure. 
Phosphorus  and  iron  are  decolorized  by  the  sodium  fluoride,  as 
discussed  by  Weihrich  and  Schwartz  (10).  Most  of  the  othei 
elements  have  been  investigated  as  described  below,  and  do  not 
interfere. 

Inasmuch  as  chromium  does  interfere  (when  distilled  water  i; 
used  as  a  reference  sample),  the  fundamental  calibration  curvi 
must  be  obtained  by  use  of  mild  steel  or  low  alloy  steels  containing 
little  or  no  chromium.  This  is  curve  I  in  Figure  1,  plotted  oi 
the  customary  semilogarithmic  paper.  The  data  for  over  40  de 
terminations  are  adequately  represented  by  a  straight  lini 
throughout  the  range  of  concentrations  shown,  with  a  precisioi 
of  ±0.02%  silicon.  Beyond  0.80%  silicon  the  relationshij 
changes  as  suggested  by  the  dotted  curve,  but  such  steels  ar 
outside  the  usual  specification  ranges  and  publication  of  result 
must  await  further  investigation. 

Influence  of  Chromium.  Increasing  quantities  of  chromiun 
were  added  to  National  Bureau  of  Standards  samples  to  give  th 


Table  1.  Influence  of  Chromium 


Cr,  % 


0.0 

10.0 

15.0 

25.0 

33.0 

49.0 


Si  Observed,  % 

Si  Actual,  %  (Curve  I) 

Bureau  of  Standards  Sample  100 


0.19 

0.19 

0.17 

0.24 

0.16 

0.27 

0.14 

0.29 

0.17 

0.42 

0.16 

0.51 

Si  Deviation,  % 


0.00 

0.07 

0.11 

0.15 

0.25 

0.35 


2.3 

12.0 

17.0 

22.0 


Bureau  of  Standards  Sample  36 


0.31 

0.33 

0.02 

0.28 

0.36 

0.08 

0.26 

0.39 

0.13 

0.25 

0.39 

0.14 

Bureau  of  Standards  Sample  135 


PER  CENT  SILICON 


Figure  1 .  Determination  of  Silicon  in  Low  Alloy  and  Stainless 

Steels 


I. 

II. 

III. 


iw  alloy  steels,  no  chromium 

■inless  steel,  19%  Cr,  9%  Ni,_4%  Mn 

linless  steel,  25%  Cr,  20%  Ni 
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Table  II.  Composition  of  Steels  Shown  in  Figure  1 


Element 

Curve  I, 

Low  Alloy  Steel,  % 

Curve  II, 

19  Cr-9  Ni-4  Mn,  % 

C 

0.03-0.20 

0.07-0. 17 

Mn 

1.50-2.00 

3.30-4.75 

Si 

0. 10-0.60 

0.80  max. 

S 

0.04  max. 

0.03  max. 

P 

0.04  max. 

0.05  max. 

Cr 

. . . 

18.0-20.5 

Ni 

0.50  max. 

9.0-10.7 

Mo 

1 . 10  max. 

Curve  III, 

25  Cr-20  Ni,  % 

0.09-0.20 
1 . 00-2 . 50 
0.80  max. 
0.03  max. 

0 . 03  max. 

25 . 0-27 . 0 
20.0-22.5 
0.25  max. 


Table  III.  Typical  Routine  Analyses 


Bureau  of 
Standards 
Sample  No. 

Type  of  Steel 

Si 

Actual,  % 

36 

2  Cr-1  Mo-0.39  Mn 

0.31 

135 

5  Cr-0.5  Mo-0.49  Mn 

0.38 

100 

1 . 38  manganese  steel 

0. 19 

101a 

18  Cr— 8  Ni-0.46  Mn 

0.34 

101b 

18  Cr-9  Ni-0.60  Mn 

0.48 

121a 

18  Cr-10  Ni-1 .38  Mn 

0.52 

Si 

Observed,  % 

0.33 

0.41 

0.21,0.19 
0.33, 0.35 
0.48,0.51 
0.51,  0.50 


Curve 

Used 

I 

I 

I 

II 
II 
II 


series  of  silicon  determinations  shown  in  Table  I.  The  chro¬ 
mium  was  added  in  the  form  of  c.p.  chromic  chloride,  calculating 
the  quantities  so  that  the  total  weight  of  steel  plus  chromium 
remained  200  mg. 

The  deviation  observed  in  the  percentage  of  silicon  is  directly 
proportional  to  the  percentage  of  chromium  in  the  sample,  as 
shown  by  Figure  2.  The  equation  of  the  line  is 


y  =  0.007x 

1 1  where  y  is  the  deviation  in  silicon  and  x  is  the  percentage  of  chro¬ 
mium.  From  this  relationship,  the  true  percentage  of  silicon  is 
readily  calculable  whenever  the  percentage  of  chromium  is 
known;  and  from  it  may  be  computed  the  generalized  curves  for 
the  two  types  of  high-chromium  stainless  steels  shown  in  Figure  1. 

The  usual  range  of  analysis  for  the  steels  illustrated  is  given 
in  Table  II.  Because  of  the  rather  wide  variations  in  chromium, 
the  precision  of  the  method  is  lower  when  the  percentage  of  chro¬ 
mium  is  not  accurately  known.  However,  curves  II  and  III 
were  actually  calibrated  from  individual  steels  before  the  influence 
of  chromium  was  recognized.  The  fact  that  these  curves  are 
now  found  to  be  at  the  center  of  the  analysis  range  is  a  result  of 
averaging  a  large  number  of  heats  in  order  to  overcome  the  lack 
of  precision  of  the  data.  Knowing  the  influence  of  chromium, 
additional  curves  for  other  types  of  steel  could  be  drawn  purely 
on  the  basis  of  the  steel  specifications,  without  any  calibration. 

Typical  analyses  using  Bureau  of  Standards  samples  and  read¬ 
ing  the  percentage  of  silicon  from  curves  I  and  II  are  fisted  in 
Table  III.  These  values  are  presented  without  correction  for 
chromium,  in  order  to  illustrate  the  accuracy  of  the  method  under 
routine  conditions.  The  chromium  correction  for  Bureau  of 
Standards  samples  36  and  135  would  bring  the  observed  values 
into  perfect  agreement  with  the  actual  values. 

Influence  of  Nickel.  Increasing  quantities  of  pure  nickel 
were  added  to  Bureau  of  Standards  sample  36  as  shown  in  Table 
IV,  keeping  the  total  weight  of  sample  plus  nickel  equal  to  200 
mg.  As  this  sample  contains  2.3%  chromium,  the  deviation  in 
silicon  due  to  chromium  will  be  0.02%,  to  be  subtracted  from  the 
value  indicated  by  curve  I. 

The  results  show  no  interference  of  nickel  in  the  determination 
of  silicon. 

Influence  of  Molybdenum.  Increasing  quantities  of 
mo  ybdenum  were  added  to  two  Bureau  of  Standards  samples  in 
:he  form  of  ammonium  molybdate,  keeping  the  total  weight  con¬ 
stant  as  before.  The  results  (Table  IV)  indicate  that  there  is  no 
nterference  of  molybdenum  in  the  determination  of  silicon.  As 
idditional  evidence,  it  has  been  found  that  a  moderate  excess  of 
immonium  molybdate  added  at  step  C  of  the  procedure  does  not 
tffect  the  results  obtained. 


Influence  of  Columbium.  Samples  of  columbium-bearing 
stainless  steels  of  the  19  Cr-9  Ni  and  25  Cr-20  Ni  types  have  beeD 
analyzed  both  photometrically  and  gravimetrically.  After  cor¬ 
recting  for  chromium  interference,  these  results  show  no  inter¬ 
ference  of  columbium  (Table  IV).  Included  in  the  table  are  two 
analyses  for  heats  in  which  chromium  was  not  determined,  read 
from  curves  II  and  III. 

Influence  of  Tungsten  and  Titanium.  Steels  of  the  19  Cr- 
9  Ni  type,  containing  simultaneously  tungsten,  titanium,  molyb¬ 
denum,  and  columbium,  have  shown  no.  interference  of  these 
elements  in  the  determination  of  silicon.  The  results  are  shown 
in  Table  IV  as  read  from  curve  II. 

Influence  of  Manganese.  No  correction  for  manganese 
has  been  necessary  in  using  curves  II  and  III  for  steels  of  equiva- 


Figure  2.  Interference  of  Chromium 

#  Bureau  of  Standards  sample  36 
O  Bureau  of  Standards  sample  100 
▲  Bureau  of  Standards  sample  1  35 


Table  IV. 

Influence  of  Nickel,  Molybdenum, 
Tungsten,  and  Titanium 

Columbium, 

Ni,  % 

Si  Observed,  % 
(Curve  I) 

Si  Corrected,  % 

Si  Actual,  % 

0.0 

10.9 

lr.O 

20.0 

25.0 

0.33 

0.30 

0.27 

0.26 

0.25 

0.31 

0.28 

0.25 

0.24 

0.23 

0.31 

0.28 

0.26 

0.25 

0.23 

Mo,  %  Bureau  of  Standards  Sample  100  (0%  Cr) 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

0.20 

0.20 

0.19 

0.20 

0.19 

0.19 

0. 19 

0.19 

0.19 

0.18 

0.18 

0.18 

Bureau  of 

Standards  Sample 

134  (3.7%  Cr,  1.8%  W,  1.14%  Va) 

8.7 

0.35 

0.32 

0.32 

Cr,  % 

Columbium  approximately  1.3% 

Si  Actual,  % 
(Gravimetric) 

19.6 

23.8 

About  19 . 5 
About  24.0 

0.68,  0.69 

0.78 

0.91 

0.64° 

0.546 

0.54,  0.55 

0.61 

0.74 

a 

...  6 

0.55 

0.59 

0.75 

0.65 

0.53 

19.40+W  + 

Ti 

21'.  16  +  W-f- 
Ti 

0.62  (av.  of  5° 
samples) 

0. 67a 

•  •  • 

0.61  (av.  of 
12  samples) 
0.67  (av.  of  9 
samples) 

°  Read  from  Curve  II. 

&  Read  from  Curve  III. 
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lent  chromium  content,  as  shown  by  Tables  II  and  III.  Inas¬ 
much  as  these  steels  have  varied  in  manganese  from  0.39  to 
4.75%,  it  is  assumed  that  there  is  no  interference  of  manganese 
in  the  determination  of  silicon. 

SUMMARY 

A  spectrophotometric  determination  of  silicon  in  low  alloy  and 
stainless  steels  is  described  which  is  rapid  and  simple,  and  uses 
water  as  a  reference  sample.  The  method  is  subject  to  inter¬ 
ference  from  chromium  only. 

Using  precalibrated  curves  for  various  general  types  of  steel, 
silicon  can  be  determined  with  an  accuracy  of  ±0.04%  silicon 
without  correcting  for  chromium,  or  ±0.02%  when  the  correction 
is  made.  The  deviation  in  the  observed  percentage  of  silicon  is 
directly  proportional  to  the  concentration  of  chromium. 

The  method  may  be  used  with  many  of  the  colorimetry  instru¬ 
ments  now  available. 
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Determination  of  Gamma-Tocopherol  in  Vegetable  Oils 

G.  S.  FISHER 

Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


The  details  of  a  method  for  determining  7-tocopherol  in  the  presence 
of  a-tocopherol  by  oxidation  with  nitric  acid  in  the  presence  of  ace¬ 
tic  acid,  followed  by  photometric  estimation  of  the  red  color  pro¬ 
duced,  are  presented  with  results  of  its  application  to  several  vege¬ 
table  oils.  Use  of  the  method  presupposes  absence  of  /3-tocopherol. 

THE  antioxygenic  activity  of  the  three  tocopherols  (alpha, 
beta,  and  gamma)  in  fats  and  oils  was  recognized  {10) 
shortly  after  their  isolation.  It  was  observed  that  in  the  sub¬ 
strate  used  by  Olcott  and  Emerson  {10)  7- tocopherol  has  about 
three  times  the  antioxygenic  index  of  a-tocopherol,  and  that  the 
activity  of  /3-tocopherol  is  intermediate  between  the  other  two. 
However,  it  has  been  impossible  to  evaluate  quantitatively  the 
protective  action  afforded  natural  oils  by  virtue  of  the  presence 
of  tocopherols,  since  there  has  been  no  satisfactory  method  of  de¬ 
termining  the  concentrations  of  the  individual  tocopherols  in  the 
oils.  The  same  limitation  has  been  encountered  in  attempting  to 
predict  the  antioxygenic  activity  of  tocopherol  concentrates  and 
in  correlating  vitamin  E  activity  with  tocopherol  content. 

The  desirability  of  a  method  of  determining  one  of  the  individ¬ 
ual  tocopherols  in  the  presence  of  one  or  both  of  the  others  has 
frequently  been  stressed  {3,  14,  15),  but  only  two  methods  for  the 
determination  of  the  concentration  of  an  individual  tocopherol 
have  been  suggested.  One  of  the  methods  {2)  is  based  on  the  dif¬ 
ference  in  rate  of  oxidation  of  the  three  tocopherols  by  silver  ni¬ 
trate  in  methyl  alcohol  solutions;  the  other  {13)  is  based  on  the 
reaction  of  7-tocopherol  with  diazotized  p-nitroaniline  to  give  a 
red  color  which  is  measured  colorimetrically.  The  originators  of 
these  methods  applied  them  only  to  concentrates,  derived  from 
natural  oils,  containing  several  per  cent  of  tocopherol.  In  neither 
case  was  the  method  described  in  sufficient  detail  to  permit  its 
general  use.  Smith  et  al.  {17)  have  suggested  the  possibility  of 
determining  a-tocopherol  by  polarographic  analysis,  and  Scudi 
and  Buhs  {15)  have  reported  that  /3-  and  7-tocopherols,  but  not 
a-tocopherol,  give  red  colors  when  treated  with  nitrous  acid  and 
then  treated  with  a  base.  No  method  of  analysis  has  been  de¬ 
veloped  as  a  result  of  either  suggestion. 

No  vegetable  oil  has  been  reported  to  contain  both  3-  and  7- 
tocopherol,  and  only  wheat  germ  oil  has  been  shown  to  contain 
/3-tocopherol;  therefore  the  principal  problem  confronting  work¬ 
ers  in  this  field  is  the  determination  of  either  a-  or  7-tocopherol 
in  mixtures  containing  both  these  tocopherols.  If  the  concentra¬ 
tion  of  either  a-  or  7-tocopherol  can  be  determined,  the  concen¬ 


tration  of  the  other  tocopherol  can  then  be  calculated  by  differ¬ 
ence  between  it  and  the  total  tocopherol  content,  for  which  de¬ 
termination  several  methods  are  available  (4,  5,  6,  8,  11,  12,  15). 
The  present  investigation  was  undertaken  to  develop  a  method 
for  determining  the  content  of  7-tocopherol  in  a  vegetable  oil 
which  also  contains  a-tocopherol. 

Smith  et  al.  {16)  stated  with  regard  to  the  oxidation  of  tocoph¬ 
erols  by  nitric  acid,  “An  alcohol  is  necessary  as  a  solvent  in 
order  to  produce  the  red  solutions  from  the  tocopherols. .  .  Rec 
solutions  are  not  formed  in  petroleum  ether,  acetic  acid,  or  ace¬ 
tone.”  It  has  been  found  that  this  statement  applies  only  to  a- 
tocopherol.  Red  solutions  are  formed  when  either  /3-  or  7-tocoph 
erol  is  treated  with  nitric  acid  in  acetic  acid  solution,  but  a- 
tocopherol  gives  only  a  slightly  yellow  solution  under  these  con 
ditions. 

Since  the  intensity  of  both  the  red  color  obtained  with  7-tocoph 
erol  and  the  yellow  color  obtained  with  a-tocopherol  on  treat 
ment  with  nitricacid  is  proportional  to  theconcentrationof  tocoph 
erol,  it  is  possible  to  determine  the  amount  of  7-tocopherol  ii 
the  presence  of  a-tocopherol  by  use  of  a  photoelectric  colorimete 
and  the  principle  of  differential  spectral  separation.  The  detail 
of  a  method  of  determining  7-tocopherol  by  oxidation  with  nitri 
acid  in  the  presence  of  acetic  acid,  followed  by  photometric  esti 
mation  of  the  red  color  produced,  are  presented  here,  togethe 
with  the  results  of  its  application  to  several  vegetable  oils. 

REAGENTS 

The  following  solvents  and  reagents  are  required.  . 

Solvent,  60  parts  by  volume  of  acetic  acid  (c.p.)  mixed  wit 
40  parts  by  volume  of  chloroform  (c.p.  or  U.S.P.  Nil). 

Nitric  Acid.  Concentrated  nitric  acid  is  freed  from  oxide 
by  boiling  and  stored  in  the  dark  until  needed. 

Sulfuric  Acid,  85  grams  of  concentrated  sulfuric  acid  (c.p 
density  1.84)  added  to  15  grams  of  distilled  water. 

Potassium  Hydroxide,  1  gram  of  solid  potassium  hydroxid 
dissolved  in  100  ml.  of  distilled  water.  .  c 

Skellysolve  B.  Skellysolve  B  is  purified  by  washing  it  fart 
with  successive  portions  of  concentrated  sulfunc  acid  until  tn 
sulfuric  acid  no  longer  turns  brown,  then  with  1%  aqueous  pt 
tassium  hydroxide  solution,  and  finally  with  distilled  water, 
is  dried  with  anhydrous  sodium  sulfate  and  distilled. 

Tocopherols.  Synthetic  d,Z-a-tocopherol  (Merck),  Alct 
(290  m/i)  70.0;  synthetic  d, (-/3-tocopherol  ( Merck)  (2f 

m/u)  83.5;  and  7-tocopherol  (Distillation  Products,  Inc.)  E lc, 
(296  m/t)  92.  [The  tocopherols  were  used  without  further  pur 
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fication,  since  the  extinction  coefficients  given  are  in  excellent 
agreement  with  those  reported  by  Baxter  et  al.  (2)  for  their 
highly  purified  products.] 

OPTICAL  EQUIPMENT 

A  Coleman  spectrophotometer,  Model  10-SDM,  7.5-m,u  slit 
width,  1.25-cm.  (0.5-inch)  cell  is  used  for  determining  the  spec¬ 
tral  characteristics  of  the  oxidation  products,  and  an  Evelyn  col¬ 
orimeter,  equipped  with  filters  490  and  420,  is  used  for  meas¬ 
uring  the  colors  produced  by  oxidation  with  nitric  acid,  from 
which  the  concentration  of  7-tocopherol  is  calculated. 


PROCEDURE 

Development  and  Measurement  of  Color.  Samples  of 
pure  tocopherols  or  oils  which  are  free  from  interfering  pigments 
are  weighed  directly  into  the  absorption  cell  or  colorimeter  tube 
and  diluted  to  exactly  9.6  ml.  with  a  mixture  of  acetic  acid  and 
r  chloroform  (3  to  2).  The  tube  is  placed  in  the  colorimeter  with 
filter  420  in  place,  and  the  light  intensity  is  adjusted  to  give  a 
galvanometer  reading  of  100.  The  tube  is  then  removed,  and  the 
galvanometer  reading  with  no  tube  in  the  holder  (center  setting) 
is  recorded.  Filter  490  is  substituted  for  filter  420,  and  the 
center  setting  for  this  filter  is  determined  in  the  same  way;  0.4 
ml.  of  nitric  acid  is  then  added  to  the  tocopherol  solution  with 
shaking;  the  light  intensity  is  adjusted  to  give  the  proper  center 
setting  with  filter  490;  30  seconds  later  the  colorimeter  tube  is 
inserted,  and  the  galvanometer  reading  is  recorded.  The  filter 
is  then  changed,  and  after  the  center  setting  is  readjusted  and  the 
tube  containing  the  sample  is  inserted,  the  galvanometer  reading 
is  recorded.  The  L  values  corresponding  to  the  recorded  galva¬ 
nometer  readings  are  calculated  from  the  equation  L  =  2  - 
log  G,  in  which  G  is  the  galvanometer  reading.  The  sample  used 
should  contain  0.20  to  2.00  mg.  of  7-tocopherol. 

Calculations.  The  absorption  of  light  by  the  oxidation 
product  of  a-tocopherol  is  too  great  to  permit  the  general  use  of 
single-filter  photometry.  Hence,  the  method  of  differential  spec¬ 
tral  separation  proposed  by  Knudson  (7),  Ashley  (1),  and  others 
(19,  20)  must  be  used  to  calculate  the  concentration  of  7-tocoph- 
Herol.  The  necessary  equations  are: 

Lm  =  Kyi90Cy  +  Ka™Ca  (1) 

Z,420  =  Ky™Cy  +  Ka™Ca  (2) 

ind  solving  Equations  1  and  2  for  Cy 

c  _  KamLi20  -  Kan<iLm 
7  KamKyim  -  Ky 490iva420 


Ca  and  Cy  are  the  concentration  of  a-  and  7-tocopherol  ex- 
i  pressed  in  grams  per  100  ml.,  Lm  and  L420  are  the  usual  L  values 
letermined  with  the  Evelyn  colorimeter  using  the  filter  indicated 
iy  the  superscript  and  using  the  acetic  acid-chloroform  solution 
|  the  sample  as  the  blank,  and  the  K’s  are  specific  L  values  de- 
ermined  from  known  mixtures  of  pure  a-  and  7-tocopherol.  In 
l’  •  Percentage  of  7-tocopherol  equals  10  X  Cy  divided  by 
he  weight  of  the  sample  in  grams.  Similar  equations  can  be 
i  Ivntten  for  mixtures  involving  0-tocopherol. 


Removal  of  Interfering  Substances.  Two  types  of  inter- 
*  jerence  may  be  observed  in  highly  pigmented  oils  and  concen- 
rates;  one  is  the  result  of  bleaching  certain  pigments,  such  as 
arotene,  by  the  nitric  acid,  thus  making  it  impossible  to  prepare 
suitable  blank;  and  the  other  results  from  the  development  of 
ellow  to  red  colors  by  the  action  of  nitric  acid  on  extraneous 
ubstances  originally  either  colored  or  colorless. 


The  Parker-McFarlane  (11)  treatment  of  oils  prior  to  treat- 
lent  with  nitric  acid  has  been  found  very  satisfactory  for  re- 
'  {°Ial  ,  both  ^P68  of  interfering  substances.  In  the  Parker- 
lcr  arlane  procedure  as  applied  here,  1  to  2  grams  of  the  oil  are 
eighed  into  a  100-ml.  oil-centnfuge  tube  and  dissolved  by  the 
dffition  of  80  ml.  of  purified  Skellysolve  B.  Ten  to  20  ml.  of 
■llfuric  acid  (85%  by  weight)  are  added  to  the  solution,  and  the 
a  be  is  stoppered  with  a  cork  coated  with  sodium  silicate  to  pro- 
-ct  it  from  attack  by  the  sulfuric  acid.  After  the  tube  is  in- 
ened  severa  times  to  assure  adequate  contact  between  the  sul- 
mc  acid  and  the  Skellysolve  B  solution,  the  mixture  is  centri- 
iged  (ca.  5  minutes  at  1500  r.p.m.)  to  separate  the  brown 


emulsion  which  forms.  The  supernatant  liquid  is  then  transferred 
to  another  centrifuge  tube,  washed  with  about  20  ml.  of  1  %  po¬ 
tassium  hydroxide  solution,  and  again  centrifuged  (ca.  10  minutes 
at  1500  r.p.m.).  Suitable  aliquots  of  the  Skellysolve  B  layer 
are  transferred  to  the  colorimeter  tube,  and  the  solvent  is  re¬ 
moved  by  evaporation  on  a  steam  bath,  preferably  in  an  inert 
atmosphere.  The  color  development  and  measurement  are  then 
carried  out  on  the  residual  oil,  as  previously  described.  This 
treatment  also  serves  to  remove  both  the  peroxides  and  toco- 
quinones  (15)  from  partly  oxidized  oils. 

Saponification  Procedure.  Since  quantities  of  oil  greater 
than  1.5  grams  do  not  yield  homogeneous  solutions  after  the 
addition  of  the  nitric  acid,  very  dilute  solutions  of  7-tocopherol 
in  oil  are  concentrated  by  saponification  in  the  presence  of  pyro- 
gallol  as  a  protective  agent  (9),  followed  by  extraction  of  the  un- 
sapomfiable  matter  with  peroxide-free  ether  in  the  usual  manner. 
The  ether  extract  is  dried  and  made  up  to  a  suitable  volume — 
e.g.,  100  ml.  Aliquots  are  transferred  to  the  colorimeter  tube,  the 
solvent  is  removed,  and  the  color  is  developed  and  measured  as 
described.  The  concentration  of  7-tocopherol  in  the  oil  is  cal¬ 
culated  directly,  since  the  weight  of  oil  represented  by  the  aliquot 
is  known.  It  is  unnecessary  to  weigh  the  unsaponifiable  matter. 


RESULTS  AND  DISCUSSION 

Spectral  Absorption.  The  spectral  absorption  values  of  the 
crude  reaction  mixtures  produced  when  the  color  development 
was  carried  out  on  three  samples  of  pure  tocopherols  were  de¬ 
termined  with  the  Coleman  spectrophotometer;  they  are  pres 
sented  graphically  in  Figure  1.  The  spectral  absorption  value- 
of  an  authentic  sample  (18)  of  the  chroman-5,6-quinone  (tocoph¬ 
erol  red)  formed  from  a-tocopherol  by  oxidation  in  alcohol 
with  nitric  acid  is  given  for  comparison.  On  the  basis  of  a  pre¬ 
vious  comparison  of  results  obtained  with  this  instrument  and 
those  obtained  with  the  Beckman  spectrophotometer  (18),  the 
value  1.27  cm.  was  used  as  the  cell  length  in  the  Lambert-Beer 
equation  to  calculate  E\ ^  from  the  measured  optical  densities. 

The  identical  position  of  the  maximum  and  the  great  similarity 
in  shape  of  the  spectral  absorption  curves  for  tocopherol  red  and 
the  oxidation  product  of  7-tocopherol  is  very  strong  evidence 
that  7-tocopherol  is  converted  to  tocopherol  red  by  oxidation 
with  nitric  acid  in  acetic  acid  solution.  Furthermore  the  heights 
of  the  maxima  indicate  that  96%  of  the  7-tocopherol  was  con¬ 
verted  to  tocopherol  red  at  room  temperature  in  about  30  seconds. 


380  400  420  440  460  480  500  520 

WAVELENGTH,  MILLIMICRONS 

Figure  1 .  Spectral  Absorption  of  Oxidation  Products  of  a-,  0-,  and 
7-Tocopherol  and  Tocopherol  Red 
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Table  I.  Constants  for  Determination  of  (3-  or  7-Tocopherol  by 
Means  of  the  Evelyn  Colorimeter  and  Standard  Filter  Glasses 


Tocopherol 

km 

Alpha 

1.15 

4.13 

Beta 

13.1 

8.6 

Gamma 

31.5 

24.4 

Table  II.  Percentage  of  7-Tocopherol  Found  in  Known  Mixtures  of 
a-  and  7-Tocopherol 


:-Tocopherol 

Added 

Added 

7- 

Found 

Tocopherol 

Difference 

Found 

Mg. 

Mg. 

Mg. 

Mg. 

% 

2.26 

0.49 

0.47 

-0.02 

96 

0.97 

0.21 

0.21 

0.00 

100 

1.43 

1.04 

1.10 

+  0.06 

106 

4.83 

0.52 

0.55 

+  0.03 

106 

0.28 

1.79 

1.80 

+0.01 

101 

2.02 

0.93 

0.92 

-0.01 

99 

3.80“ 

0.77 

0.74 

-0.03 

96 

a  1.10  grams  of  peanut  oil  freed  from  tocopherol  by  molecular  distillation 
and  chromatographic  adsorption  were  also  added. 


On  the  other  hand,  the  dissimilarity  of  the  spectral  absorption  of 
the  oxidation  product  of  a-tocopherol,  and  the  complete  absence 
of  any  extinction  maximum  in  the  region  460  to  480  m/x  indicates 
that  none  of  the  a-tocopherol  was  converted  to  tocopherol  red 
under  these  conditions.  Exact  determination  of  the  spectral 
absorption  of  the  reddish-violet  product  from  (3-tocopherol  was 
difficult,  owing  to  the  rapid  fading  of  the  developed  color. 

Relation  between  Intensity  of  Color  and  Tocopherol 
Concentration.  In  order  to  establish  the  proportionality  be¬ 
tween  the  intensity  of  the  color  developed  by  the  oxidation  of  a- 
and  7-tocopherol  and  the  concentration  of  the  tocopherol,  several 
samples  of  each  of  these  substances  were  treated  as  described 
above,  and  the  L  values  determined.  The  results  are  shown 
graphically  in  Figure  2.  There  is  a  linear  relation  between  the  L 
value  and  the  concentration  of  tocopherol  over  the  range  of  con¬ 
centration  covered  for  both  tocopherols  and  both  filters. 

Determination  of  Constants  for  Tocopherol  Mixtures. 
Since  the  method  is  to  be  applied  to  mixtures,  the  constants  in 
the  equations  given  above  were  determined  by  use  of  two  known 
mixtures  of  a-  and  7-tocopherol.  The  value  of  L4S0  was  deter¬ 
mined  exactly  30  seconds  after  the  addition  of  nitric  acid,  and 
the  value  of  Lm  was  determined  exactly  30  seconds  later.  The 
values  were  nearly  constant  at  this  time  but  showed  a  gradual  in¬ 
crease  on  longer  standing,  particularly  when  oil  was  present.  The 
values  of  the  various  constants  obtained  in  this  way  for  a-  and 
7-tooopherol,  as  well  as  those  obtained  in  a  similar  manner  for 
/3-tocopherol,  are  given  in  Table  I. 

When  /3-tocopherol  is  present  it  is  essential  that  the  values  be 
read  at  exactly  the  times  indicated,  since  the  color  fades  rapidly 
after  30  to  60  seconds.  This  marked  fading  is  a  qualitative  indi¬ 
cation  of  the  presence  of  (3-tocopherol  in  samples  of  unknown 
composition. 

Recovery  of  7-Tocopherol  in  Known  Mixtures.  In  order 
to  check  the  accuracy  of  the  method  and  of  the  constants,  several 
known  mixtures  of  a-  and  7-tocopherol  covering  a  wide  range  of 
concentrations  were  prepared,  and  the  7-tocopherol  content  was 
determined  as  described  above.  The  results  are  given  in  Table  II. 
As  indicated  in  this  table,  the  amounts  of  added  7-tocopherol 
which  were  detected  by  this  method  ranged  from  96  to  106%. 
Since  the  7-tocopherol  samples  were  weighed  only  to  ±0.01  mg. 
(total  weight,  0.20  to  2.00  mg.),  this  deviation  does  not  seem  un¬ 
reasonable.  The  relatively  good  agreement  between  the  amounts 
of  7-tocopherol  taken  and  found  also  serves  as  a  proof  of  the 
validity  of  the  constants  given  in  Table  I.  In  working  with 
natural  products  this  accuracy  may  be  decreased  by  the  presence 
of  small  amounts  of  0-tocopherol  or  chromogens  not  removed  by 
saponification  or  by  the  Parker-McFarlane  treatment.  As  shown 
by  the  last  entry  in  Table  II,  as  much  as  1  gram  of  oil  does  not  in¬ 
terfere  with  the  determination. 


Determination  of  7-Tocopheeol  Content  of  Vegetable 
Oils.  Thirteen  samples  of  oils  representing  7  different  oilseeds 
were  analyzed  for  7-tocopherol.  In  addition,  the  recovery  of  7- 
tocopherol  was  checked  by  adding  it  to  one  of  the  oils  and  also 
by  adding  both  a-  and  7-tocopherol  to  a  cottonseed  oil  from  which 
all  but  0.008%  of  tocopherol  had  been  removed  by  adsorption  on 
carbon  and  alumina  (18).  The  results  of  these  determinations 
are  given  in  Table  III.  Duplicate  determinations  were  made  in 
all  cases. 

Of  the  oils  examined,  only  crude  cottonseed  oil,  rice  bran  oik, 
and  okra  seed  oil  required  treatment  by  the  Parker-McFarlane 
method  for  the  removal  of  interfering  substances. 

The  7-tocopherol  contents  of  the  soybean  oils,  crude  peanut 
oil  1,  and  refined  cottonseed  oil  2  were  determined  both  with  and 
without  prior  treatment  by  the  Parker-McFarlane  method.  The 
agreement  in  the  values  found  with  the  treated  and  untreated 
oils  indicates  that  tocopherol  is  not  destroyed  by  the  Parker- 
McFarlane  treatment. 

Several  of  the  oils  were  saponified,  and  the  7-tocopherol  con¬ 
tent  of  the  unsaponifiable  matter  was  determined.  The  values 
so  obtained  are  compared  in  Table  IV  with  those  obtained  on  the 
oil. 

The  agreement  between  the  values  determined  with  and  with¬ 
out  prior  saponification  indicates  that  there  is  no  oxidation  of  the 
tocopherol  during  saponification  and  that  the  pyrogallol  is  re¬ 
moved  during  washing  of  the  unsaponifiable  material.  Hence 
this  procedure  may  be  considered  satisfactory  for  the  determina¬ 
tion  of  less  than  0.02%  of  7-tocopherol  in  oils.  The  lowest  value 
that  can  be  determined  will  be  governed  to  a  large  extent  by  the 
amount  of  interfering  material  which  cannot  be  removed  by  the 
Parker-McFarlane  procedure. 

Determination  of  Total  and  ct-Tocopherol  Content  of 
Vegetable  Oils.  The  total  tocopherol  content  of  the  vegetable 
oils  being  investigated  was  determined  by  a  modification  of  the 
Emmeri e-Engel  U)  method,  which  includes  the  Parker-McFar¬ 
lane  treatment.  The  a-tocopherol  content  was  then  calculated 
by  difference.  Total  and  a-tocopherol  content  of  the  various 
oils  studied  are  given  in  Table  III. 


Figure  2.  Relationship  of  Concentration  of  a-  and  7-Tocoph- 
erol  to  L  Value  of  Solution  after  Oxidation  with  Nitric  Acid 
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Table  III.  Tocopherol  Content  of  Vegetable  Oils 


Cottonseed  oil  1,  refined 

Cottonseed  oil  2,  crude 

Cottonseed  oil  2,  refined 

Peanut  oil  1,  crude 

Peanut  oil  2,  crude 

Peanut  oil  3,  refined 

Corn  oil  1,  refined 

Soybean  oil  1,  refined 

Soybean  oil  2,  refined 

Pecan  oil  1,  refined 

Rice  bran  oil  1,  crude 

Rice  bran  oil  1,  refined 

Okra  seed  oil  1,  crude 

Cottonseed  oil  1  -f-  0.023%  y-tocopherol 

Oil  +  tocopherolsa 

°  Cottonseed  oil  1  freed  from  tocopherol 
a-tocopherol  and  0.050%  of  7-tocopherol. 


Tocopherol  Content 

Total 

y 

a 

% 

% 

% 

0.095 

0.024 

0.071 

0.110 

0.034 

0.076 

0.087 

0.027 

0.060 

0.036 

0.018 

0.018 

0.052 

0.022 

0.030 

0.048 

0.024 

0.024 

0.090 

0.081 

0.009 

0.099 

0.078 

0.021 

0.094 

0.074 

0.020 

0.042 

0.022 

0.020 

0.101 

0.026 

0.075 

0.091 

0.033 

0.058 

0.074 

0.043 

0.046 

0.031 

o.ioi 

0.045 

0 . 055 

by  adsorption,  +0.050%  of 

Table  IV.  Recovery  of  y-Tocopherol  from  Vegetable  Oils  after 

Saponification 


Cottonseed  oil  1,  refined 

Cottonseed  oil  2,  refined 

Peanut  oil  1,  crude 

Corn  oil  1,  refined 

Soybean  oil  1,  refined 

Soybean  oil  2,  refined 

Cottonseed  oil  1  -f-  0.023%  7-tocopherol 

Oil  +  tocopherols” 


7-Tocopherol  Content  of  Oil 
as  Determined  on: 


Unsaponi- 

fiable 


Oil 

material 

Recovery 

% 

% 

% 

0.024 

0.024 

100 

0.027 

0.026 

96 

0.018 

0.018 

100 

0.081 

0.083 

102 

0.078 

0.077 

99 

0.074 

0.081 

109 

0.046 

0.044 

96 

0.045 

0.045 

100 

n01nCn£ree,d  from  tocopherol  by  adsorption,  +  0.050%  of  a- 
tocopherol  and  0.050%  of  7-tocopherol.  c 


It  is  notable  that  in  oil  from  a  given  species  of  oilseed  both  the 
o-  and  7-tocopherol  contents  are  relatively  constant.  There  is, 
however,  a  wide  variation  in  both  the  total  tocopherol  content 
and  the  ratio  of  a-tocopherol  to  7-tocopherol  in  oils  from  differ¬ 
ent  species  of  oilseed. 

Since  the  tocopherols  are  antioxidants  and  7-tocopherol  is 
about  3  times  as  active  as  a-tocopherol,  it  might  be  expected  that 
the  oils  having  the  highest  content  of  7-tocopherol  would  be  the 
most  stable.  However,  refined  soybean  and  corn  oils,  which 
contain  about  0.08%  of  7-tocopherol,  are  in  general  less  resistant 
to  oxidation  than  refined  peanut  oil,  which  contains  only  about 
0.02%  of  7-tocopherol.  It  is  apparent  that  the  stability  to  oxida¬ 
tive  rancidity  of  refined  vegetable  oils  in  general  cannot  be  pre¬ 
dicted  solely  on  the  basis  of  their  content  of  a-  and  7-tocopherol. 
Other  factors,  such  as  degree  of  unsaturation,  must  be  considered. 

SUMMARY 

It  has  been  demonstrated  that  /3-  and  7-tocopherols  form  red 
compounds  when  treated  with  nitric  acid  in  acetic  acid  solution, 
whereas  a-tocopherol  does  not.  The  red  compound  from  7- 
tocopherol  has  been  shown  to  have  spectral  absorption  indicating 
its  identity  with  tocopherol  red.  A  colorimetric  method  of  analy- 
iis  has  been  developed  for  7-tocopherol  in  the  presence  of  a-tocoph- 
3rol  by  application  of  the  principle  of  differential  spectral  sepa 
ration  after  nitric  acid  oxidation,  and  has  been  used  to  determine 
he  7-tocopherol  content  of  13  samples  of  vegetable  oil.  These 
values  and  the  total  tocopherol  content  as  measured  by  the 
tmmerie-Engel  reaction  were  used  to  calculate  the  a-tocopherol 
lontent. 

The  use  of  this  method  in  its  present  form  presupposes  the  ab- 
ence  of  /3-tocopherol  in  the  oil  to  be  analyzed.  If  /3-tocopherol 
s  present,  the  characteristic  fading  observed  when  the  method  is 
ipplied  to  /3-tocopherol  will  generally  indicate  its  presence,  and 
vnll  vitiate  the  applicability  of  the  method.  However,  the 
nethod  may  generally  be  used  in  analyzing  oils  of  unknown  tocoph- 
rrol(s)  content  because,  so  far  as  is  now  known,  few  natural 
>ils  contain  /3-tocopherol. 
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New  Standard  Samples  Issued  by  the 
National  Bureau  of  Standards 

The  National  Bureau  of  Standards  has  added  new  standard 
samples  of  potassium  dichromate,  boron  steel,  cobalt-molybdenum- 
tungsten  steel,  and  titanium  dioxide  to  its  list. 

Boron  steel  No.  151  contains  0.0027%  boron.  The  composition 
of  the  cobalt-molybdenum  steel  is:  carbon  0.86,  cobalt  8.5,  molyb¬ 
denum  8.3,  tungsten  1.5,  chromium  4.1,  vanadium  2.0.  Standard 
potassium  dichromate  No.  136  is  issued  as  an  oxidimetric  standard, 
and  standard  titanium  oxide  No.  154  as  a  standard  in  colorimetry 
and  oxidimetry. 

Standard  boron  steel  No.  151  is  priced  at  $2  per  150  grams;  stand¬ 
ard  Co-Mo-W  Steel  No.  153,  at  $3  per  150  grams;  standard  K2Cri07 
No.  136,  at  $4  per  75  grams;  and  standard  TiOs,  $2  per  40  grams. 

The  bureau  now  issues  more  than  150  different  kinds  of  standard 
samples,  comprising  steels,  irons,  ferroalloys,  nonferrous  alloys,  ores, 
ceramic  materials,  certain  high-purity  chemicals,  hydrocarbons, 
and  melting-point  standards. 

A  complete  list  of  the  standards,  fees,  and  other  information  is 
given  in  the  Supplement  to  Circular  398,  which  can  be  obtained  free 
of  charge  upon  application  to  the  National  Bureau  of  Standards, 
Washington  25,  D.  C. 

Collective  Index,  Analytical  Edition 

The  fifteen-year  collective  index  to  the  Analytical  Edition  of 
Industrial  and  Engineering  Chemistry  has  been  printed.  All 
copies  ordered  at  special  prepubJication  price  have  been  mailed. 
This  index  should  prove  invaluable  to  all  analytical  chemists.  A 
low  price  ($2.25)  has  been  set  to  encourage  wide  distribution. 


Determination  of  Iron  in  the  Presence  of  Cobalt 


Two-Component  Colorimetric  Method 

4 

ERNEST  A.  BROWN,  McGean  Chemical  Company,  Cleveland,  Ohio 


A  colorimetric  thiocyanate  method  is  given  for  the  estimation  of 
0.07  to  0.5  mg.  of  iron  in  the  presence  of  variable  amounts  of  cobalt 
up  to  90  mg.  A  filter-type  photometer  with  two  color  filters  is  used 
to  circumvent  the  interference  of  the  cobalt  ion  color.  The  method 
is  rapid  with  an  accuracy  of  =*=3%. 


THE  quantitative  separation  of  small  amounts  of  iron  from 
large  amounts  of  cobalt  that  might  be  found  in  technical 
grade  cobalt  salts  is  long  and  difficult.  The  ammonia  separation 
gives  the  ferric  hydroxide  contaminated  with  relatively  large 
amounts  of  cobaltous  hydroxide.  Even  a  double  precipitation 
gives  appreciable  amounts  of  cobalt  carried  down  with  the  ferric 
hydroxide  {2).  The  basic  acetate  separation,  which  offers  a 
more  careful  control  of  the  pH,  gives  an  incomplete  separation 
and  usually  requires  a  double  precipitation.  The  electrodeposi¬ 
tion  of  cobalt  from  an  ammoniacal  chloride  or  sulfate  solution 
containing  sodium  bisulfite  is  open  to  question,  since  the  cathode 
plate  is  contaminated  with  small  amounts  of  iron  (5).  Other 
methods  of  separation  of  cobalt  from  iron,  such  as  the  use  of 
a-nitroso-/3-naphthol  and  phenylthiohydantoic  acid  (6),  pre¬ 
cipitate  iron  more  or  less  completely. 

The  ammonia  separation  appears  to  be  acceptable  in  separat¬ 
ing  the  iron  from  the  major  part  of  the  cobalt,  but  leaves  the  fer¬ 
ric  hydroxide  contaminated  with  varying  amounts  of  cobaltous 
hydroxide  up  to  100  mg.  A  method  employing  a  single  ammonia 
separation  and  estimation  of  the  iron  in  the  presence  of  highly 
colored  cobalt  ion  is  desirable. 

A  number  of  colorimetric  methods  are  available  for  the  esti¬ 
mation  of  small  amounts  of  iron.  The  thiocyanate  method  is 
possibly  the  oldest  and  best  known.  Peters  and  French  (S) 
studied  the  effect  of  acidity,  salts,  and  thiocyanate  iron  concen¬ 
tration  on  the  color.  Spectrophotometric  absorption  curves 
for  the  ferric  thiocyanate  system  and  interfering  ions  have  been 
published  ( 8 ).  The  sensitivity  of  the  color  reaction  and  fading 
of  the  colors  have  been  improved  through  the  use  of  acetone  (<§) 
and  2-methoxyethanol  (7).  A  number  of  advantages  may  be 
listed  for  the  thiocyanate  method.  The  color  is  developed  in  a 
relatively  strong  mineral  acid  solution  which  simplifies  the  ad¬ 
justment  of  the  acidity  by  addition  of  a  fixed  amount  of  mineral 
acid.  The  sensitivity  of  the  color  reaction  is  good  and  com¬ 
pares  favorably  with  other  colorimetric  methods  for  iron. 

In  the  application  of  a  photoelectric  photometer  the  absorp¬ 
tion  bands  for  ferric  thiocyanate  and  cobaltous  ion  overlap  to 
such  an  extent  that  a  single  color  filter  is  not  selective  enough  to 
prevent  the  interference  of  the  cobaltous  ion.  The  color,  due 
to  the  cobaltous  ion,  tends  to  vary  somewhat  in  hue  with  the 
thiocyanate  concentration  and  acidity  of  solution.  Strong  hy¬ 
drochloric  acid  solutions  (10  to  12  N)  containing  cobalt  show  the 
characteristic  blue  color,  while  the  familiar  red  or  pink  colors 
are  noted  in  more  dilute  acid  solutions. 

The  difficulties  found  with  the  single-color  method  often  may 
be  easily  eliminated  through  the  use  of  two  color  filters.  This 
principle  was  applied  by  Knudson,  Meloche,  and  Juday  (1)  to 
the  determination  of  aluminum  in  the  presence  .of  iron  by  the 
hematoxylin  method  and  is  based  on  the  validity  of  Beer  s  law 
for  the  two-component  system  and  each  component’s  behaving 
independently  of  the  other.  Simultaneous  equations  are  ob¬ 
tained  from  the  extinction  coefficients  from  a  pure  solution  of 
each  component  with  color  filters  A  and  B. 


If,  for  simplicity,  we  let  LA  and  LB  represent  the  log  trans- 
mitt’ancy  obtained  with  reference  to  a  standard  light  intensity 


L°g  (1 

’y  =  KSC,  +  K,*C,-L* 

(1) 

L°g  c 

=  Kib  Cl  +  K,BC,  =  LB 

'o  / 

(2) 

Constants  KiA,  KiB,  KiA,  and  K^B  depend  on  the  characteris- 
tics  of  particular  color  filter  used,  the  cell  thickness,  and  the 
color  of  the  solution.  The  value  of  each  constant  may  be  easily 
determined  by  preparing  a  pure  solution  of  each  component  at  a 
known  concentration  and  measuring  the  transmittancy  with  each 
color  filter.  The  log  transmittancy  values  may  then  be  substi¬ 
tuted  in  Equations  1  and  2.  For  example,  with  a  pure  solution 
of  known  concentration  Ci,  Ci  =  0,  KiACi  =  0,  and  KiBCi  —  0. 

LA  =  KxA  Ci  KXA  =  ^ 

LB  =  KiB  Ci  KxB  = 

In  a  similar  manner  constants  KiA  and  KxB  may  be  determined 
with  a  pure  solution  of  known  concentration  C2.  The  values  ot 
constants  KXA  and  KiB  may  be  said  to  represent  the  slope  of  line 


Figure  1.  Transmittancy  Curves  for  Ferric  Thiocyanate  and 
Cobalt  Chloride.  Transmittance  Curves  for  Selected  Color 

Filters 

I.  Iron  solution,  0.1  mg.  in  1 00  ml.  (0.65  M  ammonium  thiocyanate,  0.59  N 

hydrochloric  acid,  5-em.  cell)  ......  ,,,  , 

II.  Cobalt  solution,  50.7  mg.  in  100  ml.  (0.65  M  ammonium  thiocyanate 

0.59  N  hydrochloric  acid,  5-cm.  cell) 

III.  425-im*  blue  color  Alter 

IV.  525-mM  green  color  Alter 
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plotting  concentration  against  log  transmittancy  for  a  pure  com¬ 
ponent  Ci  with  color  filters  A  and  B. 

Equations  1  and  2  may  be  combined  to  eliminate  C2. 

n  _LA  -  KiA  Ci  LB  -  KiBCi 
K2A  K? 

from  which  it  follows 


K2ALB  -  K2BLA 
Kib  K2A  -  K2BKyA 


(3) 


Some  recent  makes  of  filter-type  photoelectric  photometers 
are  equipped  with  a  logarithmic  scale  in  which  the  concentration 
is  a  linear  function  of  the  photometer  reading  if  Beer’s  law  is 
valid.  Ordinary  metric  graph  paper  may  be  used  with  such  a 
scale  to  check  the  validity  of  Beer’s  law.  The  Fisher  electro¬ 
photometer  has  a  logarithmic  scale  in  which  the  instrument  read¬ 
ing  represents  100  log  — - — — - .  The  use  of  this  in- 

%  transmittance 

strument  scale  makes  it  possible  to  determine  the  constants  in 
Equation  3  in  terms  of  instrument  readings  rather  than  log  trans¬ 
mittancy  values.  It  may  be  easily  demonstrated  that  the  con¬ 
stants  so  determined  follow  the  same  relationship  developed  in 
Equation  3  by  adjusting  the  instrument  to  zero  scale  reading 
with  a  blank.  The  use  of  this  instrument  scale  greatly  simplifies 
the  determination  of  the  constants  and  calculations. 

An  examination  of  the  spectrophotometric  transmittancy 
curves  for  ferric  thiocyanate  and  cobaltous  chloride  in  Figure  1 
i  shows  a  maximum  absorption  range  in  the  vicinity  of  475  m; a  for 
iron  and  513  m/i  for  cobalt.  Marked  overlapping  occurs  in  this 
range  475  to  513  myu.  A  greater  difference  in  photometer  read¬ 
ings  may  be  obtained  by  selecting  a  color  filter  in  the  vicinity  of 
425  mM,  where  the  ferric  thiocyanate  color  gives  a  relatively 
great  absorption  difference,  and  in  the  vicinity  of  525  mM  where 
the  cobaltous  ion  shows  the  maximum  absorption  difference. 
Accordingly  filters  A  and  B  were  selected.  The  over-all  accuracy 
of  this  method  is  increased  by  such  a  selection  of  color  filters 
rather  than  at  the  points  of  maximum  absorption. 


MATERIALS  AND  PROCEDURE 

Electrophotometer.  The  AC  Model  Fisher  electropho¬ 
tometer  equipped  with  2-cm.  cylindrical  absorption  cells  was 
used.  This  instrument  utilizes  barrier  layer  photocells  and  a 
balanced  bridge  circuit.  The  galvanometer  is  used  as  a  null 
instrument.  The  525-  and  425-mju  color  filters  furnished  with 
the  instrument  were  used. 

Iron  Solution.  Dissolve  0.0500  gram  of  electrolytic  iron 
wire  in  a  few  milliliters  of  dilute  hydrochloric  acid,  add  6  drops 
of  30%  hydrogen  peroxide,  and  boil  to  oxidize  the  iron.  Add  a 
.slight  excess  of  0.1  N  potassium  permanganate  to  ensure  complete 
‘oxidation  and  remove  the  excess  by  boiling.  Cool  and  make  to. 
1000  ml. 

Cobalt  Solution.  Prepare  a  standard  cobalt  solution  from 
reagent  grade  iron-free  cobalt  chloride  containing  1  to  2  mg.  of 
cobalt  in  1  ml.  Since  most  reagent  grade  cobalt  salts  may  con¬ 
tain  traces  of  iron,  this  may  be  purified  by  oxidation  with  per¬ 
oxide  and  ammonia.  After  filtration  plate  the  cobalt  at  1  to  2 
amperes  on  a  platinum  cathode,  dissolve  the  plate  in  hydro¬ 
chloric  acid,  and  remove  the  excess  acid  by  evaporation.  The 
cobalt  concentration  may  be  most  conveniently  determined  by 
noting  the  difference  in  cathode  weight. 

Thiocyanate  Solution.  Dissolve  10  grams  of  reagent  grade 
ammonium  thiocyanate  in  100  ml.  of  water. 

Hi  drochloric  Acid,  reagent  grade,  specific  gravity  1.188. 

Procedure.  Prepare  standards  by  taking  known  amounts 
of  iron  or  cobalt  standard  in  a  100-mL  volumetric  flask.  Add  5 
ml.  of  hydrochloric  acid  and  adjust  the  volume  to  approximately 
10  ml.  with  water.  Add  5  ml.  of  thiocyanate  solution,  make  to 
volume,  and  mix  thoroughly.  Measure  the  color  immediately 
''ith  the  425-  and  525-m/x  color  filters.  A  blank  containing  5 
ml.  ot  hydrochloric  acid,  5  ml.  of  thiocyanate  solution,  and  water  to 
100  ml.  is  used  as  a  reference  standard  for  the  photometer  zero 
Adjustment.  The  results  are  given  in  Figure  2. 

Calculation.  If  we  let  Ci  represent  iron  concentration  in  mg. 
Jer  100  ml.,  and  C2  the  cobalt  concentration  in  mg.  per  100  ml. 
he  525-m/i  color  filter  will  be  represented  by  A  and  425  m^ 


Table  I.  Analysis  of  Cobalt-Iron  Mixed  Solutions 


Cobalt 

L  ® 

Iron 

Iron 

Taken 

La 

Taken 

Found 

Error 

Mg. 

Mg. 

Mg. 

Mg. 

11.4 

11.2 

13.3 

0.070 

0.070 

±0.000 

28.4 

23.8 

28.6 

0.150 

0.152 

+  0.002 

28.4 

49.5 

65.5 

0.390 

0.383 

—  0.007 

28.4 

38.8 

49.2 

0.270 

0.276 

+  0.006 

47 . 4 

25.7 

25.5 

0.100 

0  103 

+  0.003 

56.8 

41.6 

48.0 

0.250 

0.243 

-0.007 

71.5 

40.7 

44.2 

0.200 

0.206 

+  0.006 

83.8 

37.8 

36.2 

0.140 

0.137 

-  0 . 003 

0.0 

10.7 

15.7 

0.100 

0.100 

±0.000 

0.0 

54.8 

79.0 

0.500 

0.497 

-0.003 

Co  0  *25  50  75 

CONCENTRATION  MG./100ML 

Fisure  2.  Graph  for  Electrophotometer  at  Various 
Concentrations  of  Iron  and  Cobalt 


color  filter  by  B.  KtA  was  found  to  be  111.4  A,"  =  159  1 
K2a  =  0.281,  and  K~B  =  0.178.  From  Equation  3 

c  _  0.281  LB  -  0.178  LA 
1  25.07 

Results.  Known  solutions  were  prepared  from  measured 
volumes  of  the  cobalt  solution  and  iron  solution  and  carried 
through  the  steps  of  the  procedure  outlined  above.  The  results 
are  shown  in  Table  I. 

The  ferric  thiocyanate  color  tends  to  follow  Beer’s  law  closely 
under  the  conditions  used  within  the  limits  of  experimental  error. 
This  is  in  agreement  with  Woods  and  Mellon  (<?),  who  found 
Beer’s  law  obeyed  in  hydrochloric  acid  up  to  10  p.p.m.  of  iron 
The  cobaltous  chloride  color  in  the  presence  of  thiocyanate  also 
tends  to  follow  Beer’s  law  in  concentrations  between  20  and  9C 
mg.  of  cobalt  in  100  ml.  of  solution.  Slightly  lower  values  for 
K2  and  K2B  in  approximately  equal  amounts  were  found  at  co¬ 
balt  concentrations  greater  than  90  mg.  No  serious  error  is  in¬ 
troduced  through  the  slight  deviation  from  Beer’s  law  at  higher 
concentrations.  By  substituting  the  value  0.271  for  KA  and 
0.168  for  K2b  in  Equation  3  and  calculating  the  value  of  Ci  from 
the  photometer  readings  for  0.500  mg.  of  iron,  a  difference  of 
0.001  mg.  is  found  from  the  value  given  in  Table  I.  The  rela¬ 
tively  low  absorption  values  in  the  range  used  tends  to  increase 
the  experimental  error.  By  averaging  the  values  for  K2A  and 
K2b  in  the  most  useful  range  between  20  and  90  mg.  of  cobalt  in 
100  ml.,  this  error  may  be  minimized. 

The  fading  of  the  ferric  thiocyanate  color  due  to  the  reduction 
of  ferric  thiocyanate  or  its  decomposition  products  has  been  one 
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of  the  objections  to  the  thiocyanate  method  for  iron  (4).  This 
error  does  not  appear  to  be  a  serious  factor,  providing  the  neces¬ 
sary  photometer  adjustments  are  made  immediately  after  adding 
the  ammonium  thiocyanate.  The  time  required  for  mixing  the 
solutions  and  making  the  necessary  photometer  adjustments 
with  both  filters  is  approximately  8  minutes.  Any  error  due  to 
fading  is  largely  eliminated  through  avoiding  bright  lights  and 
taking  the  same  time  for  both  the  standards  and  samples.  The 
use  of  acetone  to  stabilize  the  color  as  suggested  by  Woods  and 
Mellon  ( 8 )  offers  no  particular  advantage,  since  acetone  greatly 
intensifies  the  cobalt-ion  color  in  the  presence  of  thiocyanate. 

The  use  of  the  logarithmic  photometer  scale  greatly  simplifies 
the  calibration  and  analytical  calculations  with  a  two-color 
method.  This  .procedure  makes  it  unnecessary  to  refer  to 
logarithm  tables,  since  photometer  readings  may  be  substituted 
directly  in  Equation  3. 

This  method  was  found  useful  in  checking  for  iron  contamina¬ 
tion  on  the  cathode  after  the  electrodeposition  of  cobalt  in  the 
presence  of  larger  amounts  of  iron.  The  cobalt  may  be  deposited 
without  a  preliminary  iron  separation  and  a  correction  made  on 
the  cathode  plate.  A  number  of  advantages  may  be  listed  for 
the  mixed  color  method. 

A  long  gravimetric  separation,  involving  a  double  ammonia  or 
basic  acetate  separation  is  avoided.  In  this  manner,  the  errors 
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due  to  solubility  or  incomplete  precipitation  of  the  ferric  hydrox¬ 
ide  may  be  kept  at  a  minimum. 

The  method  is  rapid  and  well  adapted  to  the  examination  of 
traces  of  iron  in  a  large  number  of  cobalt  chemicals. 

The  accuracy  compares  favorably  with  gravimetric  and  volu¬ 
metric  methods. 
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Rogers  and  Caley  Method  for  Lithium 

Application  to  Silicates  Containing  Lithium,  Sodium,  and  Potassium 
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General  Research  Laboratory,  Owens-Illinois  Glass  Company,  Toledo,  Ohio 


When  a  silicate  is  completely  decomposed  by  attack  with  hydro¬ 
fluoric  and  sulfuric  acids,  alkali  sulfates  can  be  collected  quantita¬ 
tively  after  elimination  of  other  remaining  elements.  These  other 
elements  may  be  removed  in  the  normal  course  of  their  determina¬ 
tions  or  more  rapidly  by  group  precipitations  without  determinations. 
Lithium  can  be  determined  by  the  Rogers  and  Caley  periodate 
method  in  a  solution  of  the  alkali  sulfates.  If  potassium  is  deter¬ 
mined  in  a  separate  sample,  sodium  can  be  calculated  by  difference 
from  the  weight  of  total  alkali  sulfates.  By  this  means  these  three 
alkalies  are  determined  in  the  absence  of  others  with  reasonable 
accuracy. 

SHORTLY  after  Rogers  and  Caley  ( 6 )  published  their  alka¬ 
line  periodate  method  for  lithium  determination,  it  be¬ 
came  necessary  for  the  authors  to  determine  this  element  in 
several  samples  of  spodumene  and  in  glass.  The  Rogers  and 
Caley  method  was  chosen  for  reasons  detailed  below. 

GENERAL  PLAN  OF  ANALYSIS 

The  spodumene  samples  and  of  course  the  glasses  were  com¬ 
pletely  decomposable  in  a  mixture  of  hydrofluoric  and  sulfuric 
acids.  Samples  decomposed  by  fuming  to  dryness  with  this 
mixture  and  baking  were  used  for  the  successive  separation  and 
determination  of  barium  oxide  when  present,  R203,  manganese 
oxide,  calcium  oxide,  and  magnesium  oxide.  Samples  of  0.5 
gram  of  spodumene  and  1  gram  of  glass  were  employed. 

The  soluble  sulfates  were  extracted  with  water  acidified  with 
hydrochloric  acid,  the  residue,  if  any,  consisting  of  barium  sul¬ 
fate.  A  double  precipitation  of  the  hydroxides  was  used  for  R203. 
Manganese  was  separated  as  the  dioxide  by  treating  with  am¬ 
monium  persulfate.  Calcium  was  precipitated  (twice  because  of 
the  limited  solubility  of  hthium  oxalate)  as  the  oxalate.  Mag¬ 


nesium  was  precipitated  with  8-hydroxyquinoline.  When  only 
small  amounts  of  magnesium  were  present,  its  precipitation  was 
preceded  by  destruction  of  ammonium  salts  and  oxalate  by 
treatment  with  nitric,  hydrochloric,  and  finally  perchloric 
acid  and  evaporation  to  dryness.  The  filtrate  from  magnesium 
contained  the  alkalies  alone  in  a  condition  convenient  for  the 
weighing  as  total  alkali  sulfates. 

The  Rogers  and  Caley  method  for  lithium  was  chosen  pri¬ 
marily  because  it  permitted  the  determination  without  conver¬ 
sion  of  the  sulfates  to  chlorides.  Furthermore,  for  the  alkalies 
collected  from  spodumene  samples,  where  lithium  predominates, 
the  sulfates  provide  a  better  weighing  form. 

The  alkali  sulfates  were  dissolved  in  a  small  volume  of  water 
and  the  entire  solution  was  used  for  the  precipitation  of  lithium 
periodate.  The  latter  was  dissolved  in  acid  and  the  periodate 
determined  by  titration  with  sodium  thiosulfate  after  addition  oi 
potassium  iodide. 

Potassium  was  determined  on  a  separate  sample  of  glass  or 
mineral,  by  a  procedure  involving  hydrofluoric  and  perchloric 
acid  attack  (baking  to  bone-dryness  to  eliminate  all  or  all  bul 
traces  of  fluoride),  elimination  of  R203  by  precipitation  with  pure 
calcium  oxide,  and  precipitation  of  potassium  perchlorate  in  n- 
butanol  by  the  G.  Frederick  Smith  procedure  U,  7) .  A  procedure 
of  Koenig  (5)  is  equally  applicable  and  preferable  when  the 
alumina  content  is  high,  and  was  used  in  some  analyses.  The 
solution  of  alkali  sulfates  could  of  course  be  aliquoted  and  a  por 
tion  used  for  potassium  determination  by  Hicks’  method  (1,  8). 

The  weight  of  sodium  sulfate  was  found  by  subtracting  the 
calculated  lithium  and  potassium  sulfate  weights  from  the  de 
termined  weight  of  total  alkali  sulfates. 

The  isolation  of  alkali  sulfates  following  quantitative  deter 
mination  of  barium  oxide  if  present,  RtOj,  manganese  oxide 
calcium  oxide,  and  magnesium  oxide  is  a  well-known  procedure 
depending  on  application  of  standard  methods. 
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Table  I.  Effect  of  Sodium  in  Proportion  Found  in  Commercial 

Spodumenes 


(Sample  volume  2  ml. ;  reagent  volume  5  ml.) 


NaaO 

LiaO 

0.1001  AT 

LiaO 

Test 

Present 

Present 

.\a2S2O3 

Found 

Mg. 

Mg. 

Ml. 

Mg. 

1 

0 

20.0 

23.0 

19.7 

6 

0 

20.0 

23.7 

20.3 

2 

0 

30.0 

35.2 

30.2 

3 

5 

30.0 

34.8 

29.9 

4 

0 

40.0 

46.9 

40.2 

A  more  rapid  method  of  eliminating  other  elements  when  their 
determination  is  not  needed  is  worth  outlining. 

The  sample  of  sulfates  obtained  after  fuming  off  with  hydro¬ 
fluoric  and  sulfuric  acids  is  dissolved  in  about  70  ml.  of  water 
containing  2  or  3  ml.  of  hydrochloric  acid.  The  bulk  of  the 
alumina  is  removed  by  two  hydroxide  precipitations  in  rather 
6mall  volume.  The  minimum  amount  of  hydrochloric  acid  needed 
to  dissolve  the  precipitate  is  used  and  no  solid  ammonium  chlo¬ 
ride  is  added.  Sufficient  8-hydroxyquinoline  is  added  to  the 
filtrate.  The  solution  is  warmed,  stirred,  and  ammonium  hy¬ 
droxide  is  added  until  precipitation  seems  complete.  A  2-  to 
5-ml.  excess  of  ammonium  hydroxide  is  added  for  each  100  ml.  of 
solution.  It  is  then  heated  near  boiling  to  coagulate  the  pre¬ 
cipitate,  filtered,  and  washed  with  hot  1  to  40  ammonium  hy¬ 
droxide.  This  precipitate  contains  the  magnesium,  the  manga¬ 
nese,  any  aluminum  and  iron  escaping  the  crude  hydroxide 
precipitations,  and  part  of  the  calcium.  The  remaining  cal¬ 
cium  is  removed  from  the  filtrate  by  double  oxalate  precipita¬ 
tions. 

The  ammonium  salts  in  the  filtrate  are  destroyed  by  evapora¬ 
tion  and  treatment  with  nitric  and  hydrochloric  acid.  Most  of 
the  remaining  organic  matter  is  oxidized  with  mixed  fuming 
sulfuric  and  perchloric  acids  and  the  solution  is  evaporated  to  near 
dryness.  The  residue  is  dissolved  in  water  and  filtered  to  remove 
silica  derived  from  the  glassware.  The  solution  is  caught  in 
platinum,  evaporated  to  dryness,  and  ignited  in  suitable  manner 
with  regard  for  its  approximate  composition  (£).  The  alkali 
sulfates  are  dissolved  in  hot  water,  filtered,  and  washed  through 
a  small  paper.  The  dish  is  then  reignited  with  the  paper.  A 
dark  residue  weighing  0.1  to  1.0  mg.  results  from  this  ignition. 
This  apparently  consists  of  traces  of  foreign  elements  surviving 
the  various  precipitations.  The  weight  of  the  dish  with  this 
slight  residue  is  subtracted  from  the  weight  of  the  dish  and  sul¬ 
fates  to  obtain  the  weight  of  alkali  sulfates. 

LITHIUM  DETERMINATION  IN  ISOLATED  ALKALI  SULFATES 

Rogers  and  Caley  (6)  observed  the  formation  of  a  more  readily 
filterable  lithium  periodate  at  60°  to  70°  C.  than  at  room  tem¬ 
perature,  but  found  less  tendency  for  sodium  periodate  to  co¬ 
precipitate  at  room  temperature.  They  found  that  sulfate  did 
not  interfere,  but  reported  no  experiment  with  sulfate  and  so¬ 
dium  both  present.  Their  thiosulfate  was  standardized  against 
known  lithium  solutions.  Their  results  indicate  that  lithium 
may  be  accurately  determined  but  that  correction  for  sodium  may 
be  necessary  when  it  predominates  and  that  a  certain  maximum 
concentration  of  sodium  must  not  be  exceeded. 

Control  tests  were  made  accordingly,  the  results  of  which 
should  be  of  general  interest. 

Preparation  op  Reagent.  Dissolve  24  grams  of  potassium 
hydroxide  in  100  ml.  of  water.  After  cooling  to  room  tem¬ 
perature,  add  10  grams  of  potassium  periodate,  and  allow  to  dis¬ 
solve.  Store  in  a  waxed  amber  bottle. 

Test  Procedure.  Evaporate  a  solution  containing  the  al¬ 
kali  sulfates  to  dryness  in  a  50-ml.  beaker.  Dissolve  in  2  or  5 
ml.  of  water.  Add  2  or  5  ml.  of  alkaline  periodate  reagent,  one 
drop  every  5  seconds  for  the  first  2  ml.  and  1  drop  every  2  or  3 
seconds  for  the  rest,  with  constant  swirling  of  the  solution  in 
the  beaker.  Let  stand  30  minutes  or  more.  Filter  through 
a  Gooch  crucible  with  an  asbestos  pad,  wash  4  times  with  ap¬ 
proximately  5  N  potassium  hydroxide,  then  wash  the  precipitate 
and  asbestos  into  a  250-ml.  beaker.  Add  5  ml.  of  N  sulfuric 
acid  through  the  crucible  and  precipitation  beaker,  then  15  ml.  of 
concentrated  hydrochloric  acid.  Wash  through  with  water  and 
dilute  to  100  to  150  ml. 

Add  about  2  grams  of  potassium  iodide  and  titrate  with  0.1JV 
sodium  thiosulfate  to  the  disappearance  of  starch-iodide  blue  in 
the  usual  manner. 


Commercial  spodumenes  ordinarily  contain  5  to  7%  lithium 
oxide  and  no  more  than  1  %  sodium  oxide.  Since  it  was  intended 
to  use  the  alkali  sulfates  gathered  from  0.5-gram  samples  of  the 
mineral,  the  tests  described  in  Table  I  were  made.  These  show 
a  negligible  effect  of  the  amount  of  sodium  which  may  be  pres¬ 
ent.  A  plot  of  milliliters  of  sodium  thiosulfate  against  milli¬ 
grams  of  lithium  oxide  present  showed  close  conformance  of  the 
data  to  a  straight-line  relation. 

It  was  desired  to  determine  lithium  oxide  in  glasses  con¬ 
taining  0.5  to  2.0%  lithium  oxide  in  the  presence  of  10%  or  less 
sodium  oxide.  Tests  were  made  with  three  combinations  of 
sample  and  reagent  volume  to  find  one  where  sodium  inter¬ 
ference  might  be  least.  Amounts  of  lithium  oxide,  ranging  from 
4  to  20  mg.,  were  tested  in  combination  with  0  to  100  mg.  of 
sodium  oxide.  The  data  are  shown  in  Table  II.  With  a  sample 
volume  of  2  ml.  and  a  reagent  volume  of  5  ml.,  substantial  inter¬ 
ference  of  sodium  is  apparent  (note  tests  21  and  30).  Plots  of 
milliliters  of  sodium  thiosulfate  against  milligrams  of  lithium 
oxide  present  for  a  sample  volume  of  2  ml.  with  a  reagent  volume 
of  2  ml.,  and  for  a  sample  volume  of  5  ml.  with  a  reagent  volume 
of  5  ml.,  showed  reasonable  conformance  of  these  data  to  a 
straight-line  relation.  No  progressive  effect  of  sodium  was  ap¬ 
parent  in  these  plots  except  a  small  ODe  at  the  level  of  4  mg.  of 
lithium  oxide. 

In  the  plots  based  upon  Tables  I  and  II,  the  best  straight  line 
that  could  be  drawn  corresponded  to  0.858  mg.  of  lithium  oxide 
per  ml.  of  sodium  thiosulfate  (0.1001  N ).  This  factor  was  used 
in  calculating  the  “lithium  oxide  found”  values  in  all  tables. 

For  determination  of  lithium  in  spodumene,  a  2-ml.  solution 
of  the  alkali  sulfates  derived  from  a  0.5-gram  sample  and  5  ml.  of 
alkaline  periodate  reagent  (the  conditions  of  Table  I)  were 
selected.  For  determination  of  lithium  in  glass,  a  2-ml.  solution 
of  the  alkali  sulfates  derived  from  a  1.0-gram  sample  and  2  ml. 
of  alkaline  periodate  reagent  (the  conditions  of  the  first  part 
of  Table  II)  were  selected.  The  tables  show  that,  within  the 
range  investigated,  the  determination  may  be  made  with  an 
accuracy  of  ±0.1%  lithium  oxide  or  better  if  the  total  alkali 
sulfates  have  been  quantitatively  isolated.  For  practical  pur¬ 
poses,  this  is  adequate  accuracy. 


Table  II. 

Effect  of  Sodium  in  Excess 

Test 

NaaO 

LiaO 

0.1001  AT 

LiaO 

Present 

Present  NaaSaOi 

Found 

Mg. 

Mg. 

Ml. 

Mg. 

Sample  volume  2  ml.; 

reagent  volume  2  ml. 

23 

0 

4.0 

4.4 

3.8 

26 

50 

4.0 

4.6 

3.9 

29 

100 

4.0 

4.8 

4.1 

37 

75 

6.0 

6.8 

5.8 

38 

75 

8.0 

9.1 

7.8 

14 

0 

10.0 

10.9 

9.4 

32 

0 

10.0 

11.3 

9.7 

17 

50 

10.0 

11.7 

10.0 

20 

100 

10.0 

11.6 

10.0 

39 

75 

16.0 

18.7 

16.1 

5 

0 

20.0 

23.8 

20.4 

8 

50 

20.0 

23.3 

20.0 

11 

100 

20.0 

23.6 

20.2 

Sample  volume  2  ml.; 

reagent  volume  5  ml. 

24 

0 

4.0 

4.4 

3.8 

27 

50 

4.0 

4.7 

4.0 

30 

100 

4.0 

5.1 

4.4 

15 

0 

10.0 

11.4 

9.8 

18 

50 

10.0 

11.6 

10.0 

21 

100 

10.0 

13.0 

11.2 

1 

0 

20.0 

23.0 

19.7 

6 

0 

20.0 

23.7 

20.3 

9 

50 

20.0 

23.5 

20.2 

12 

100 

20.0 

23.6 

20.2 

Sample  volume  5  ml.; 

reagent  volume  5  ml. 

25 

0 

4.0 

4.3 

3.7 

28 

50 

4.0 

4.8 

4.1 

31 

100 

4.0 

4.7 

4.0 

16 

0 

10.0 

11.2 

9.6 

19 

50 

10.0 

11.2 

9.6 

22 

100 

10.0 

11.5 

9.9 

7 

0 

20.0 

23.6 

20.2 

10 

50 

20.0 

23.5 

20.2 

13 

100 

20.0 

23.6 

20.2 

232 
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Table  III.  Effect  of  Calcium 


(Sample  volume  2  ml.;  reagent  volume  2  ml.) 


CaO 

Li20 

0.1001  N 

Li20 

Test 

Present 

Present 

Na2S203 

Found 

Mg. 

Mg. 

Ml. 

Mg. 

14 

0 

10.0 

10.9 

9.4 

32 

0 

10.0 

11.3 

9.7 

33 

1 

10.0 

12.0 

10.3 

34 

25 

10.0 

25.2 

21.6 

Table  IV. 

Effect  of  Masnesium 

(Sample  volume  2  ml.; 

reagent  volume  2  ml.) 

MgO 

LiaO 

0.1001 N 

Li20 

Test 

Present 

Present  NaaSaCh 

Found 

Mg. 

Mg. 

Ml. 

Mg. 

14 

0 

10.0 

10.9 

9.4 

32 

0 

10.0 

11.3 

9.7 

35 

1 

10.0 

12.3 

10.6 

36 

25 

10.0 

32.2 

27.6 

Table  V.  Partial  Analysis  of  a  Glass  with  and  without  Added 

Lithium 


R2Os,  % 
CaO,  % 
MgO,  % 
LhO,  % 
Na20,  % 
K20,  % 


Glass 

Glass  + 
1.00%  LisO 

Glass  + 
2.00%  Li20 

5.0 

5.1 

5.1 

3.0 

3.0 

3.0 

2.2 

2.2 

2.2 

0.0 

0.98 

2.01 

7.24 

7.42 

7.27 

2.70 

Glass  + 
2.00%  Li20 


2.05 

7.32 


The  most  likely  contaminant  of  the  alkali  sulfates  is  calcium, 
since  some  inevitably  escapes  the  double  precipitation  with 
oxalate.  The  amount  escaping  should  be  much  less  than  0.5  mg. 
Table  III  shows  the  effect  of  calcium.  It  appears  that  calcium 
precipitates  a  somewhat  definite  amount  of  periodate.  Since 
the  amount  of  sodium  thiosulfate  accountable  to  1  mg.  of  cal¬ 
cium  sulfate  (0.23  ml.)  is  somewhat  less  than  that  accountable 
to  1  mg.  of  lithium  sulfate  (0.32  ml.),  the  slight  positive  error 
that  may  be  expected  from  calcium  is  divided  between  lithium 
and  sodium. 

An  accumulation  of  oxalate  may  reduce  the  completeness 
of  precipitation  of  magnesium,  particularly  if  less  than  0.02 
gram  of  magnesium  oxide  is  present.  In  this  case  it  is  de¬ 
sirable  to  destroy  the  oxalate  before  making  the  precipitation. 
Since  contamination  of  the  alkali  sulfates  by  a  small  amount  of 
magnesium  is  possible,  its  effect  was  determined  in  the  ex¬ 
periments  reported  in  Table  IV.  Like  calcium,  magnesium 
precipitates  a  rather  definite  amount  of  periodate.  Since  the 
amount  of  sodium  thiosulfate  accountable  to  1  mg.  of  magnesium 
sulfate  (0.28  ml.)  is  almost  as  much  as  that  accountable  to  1 
mg.  of  lithium  sulfate,  any  error  from  this  source  falls  mainly 
on  lithium. 

Because  of  the  widely  different  ratios  of  molecular  weight  of 
oxide  to  sulfate,  an  error  of  0.1%  lithium  oxide  will  result  in  an 
opposite  error  of  0.3%  sodium  oxide  and  0.2%  total  alkali  oxide. 

ANALYSES  OF  SILICATES  WITH  ADDED  LITHIUM 

No  samples  naving  lithium  contents  certified  by  the  National 
Bureau  of  Standards  are  available.  Accordingly,  the  applica¬ 
tion  of  this  procedure  to  analysis  of  silicates  was  checked  by  de¬ 
composing  samples  of  glass  with  known  amounts  of  lithium 
sulfate  added  along  with  the  hydrofluoric  acid  and  sulfuric  acid 
and  then  determining  all  the  oxides  ordinarily  determined  in 
such  a  sample  plus  lithium  oxide,  or  then  collecting  and  weigh¬ 
ing  the  total  alkali  sulfates  without  determining  the  other  oxides, 
finally  determining  lithium  oxide. 

The  second  column  in  Table  V  shows  results  of  an  analysis 
carried  out  by  the  authors’  usual  procedure.  Calcium  was 
precipitated  only  once  as  the  oxalate.  Sodium  and  potassium 
were  determined  on  separate  samples,  sodium  being  weighed  as 
sodium  zinc  uranyl  acetate,  potassium  as  potassium  perchlorate. 
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The  combined  alkali  sulfates  were  not  collected.  The  third  and 
fourth  columns  show  results  of  analyses  of  samples  to  which 
lithium  sulfate  had  been  added.  The  fifth  column  shows  results 
of  analysis  of  such  a  sample  in  which  alkali  sulfates  were  col¬ 
lected  by  the  more  rapid  procedure  without  determination  of 
oxides  other  than  alkali.  The  weight  of  potassium  sulfate  to  be 
subtracted  from  the  weight  of  total  alkali  sulfates  was  calculated 
from  the  determination  reported  in  the  first  column. 

Table  VI  shows  results  obtained  on  NBS  glass  128  with  lith¬ 
ium  sulfate  added.  The  alkali  sulfates  were  collected  without 
determination  of  the  other  oxides.  The  weight  of  potassium 
sulfate  to  be  subtracted  from  the  weight  of  total  alkali  sulfates 
was  calculated  from  the  certificate  value  for  potassium  oxide. 
Because  of  the  low  R2O3  content  of  this  sample,  the  initial  pre¬ 
cipitation  of  hydroxides  was  omitted  and  the  precipitation  with 
8-hydroxyquinoline  made  directly  after  elimination  of  silica, 
boron  oxide,  and  fluorine.  A  0.7000-gram  sample  was  used  in 
this  analysis  to  reduce  the  sodium  content  to  the  limit  which  the 
control  experiments  covered. 

The  results  reported  in  Tables  V  and  V I  snow  tnat  lithium 
does  not  interfere  with  the  determinations  of  other  oxides  if  a 
double  precipitation  of  calcium  oxalate  is  used,  that  substantially 
all  the  lithium  is  gathered  with  the  total  alkali  sulfates,  and  that 
the  total  alkali  sulfates  are  gathered  sufficiently  free  of  other  ox¬ 
ides  to  permit  determination  of  lithium  by  the  Rogers  and  Caley 
method  and  of  sodium  by  difference. 

The  poorest  results  shown  are  for  sodium.  However,  these 
results  are  as  good  as  are  ordinarily  obtained  when  sodium  is 
determined  by  difference  from  the  total  alkali  sulfates  collected 
in  this  manner  and  potassium  is  the  only  other  alkali  present. 
Such  a  scheme  for  sodium  determination  was  long  in  use.  The 
determination  of  sodium  on  a  separate  sample  as  triple  acetate 
is  more  reliable.  If  an  accurate  procedure  for  determination 
of  lithium  and  sodium  together  as  triple  acetates  could  be  de¬ 
veloped,  better  accuracy  for  sodium  should  be  obtained.  If 
such  a  determination  could  be  made,  the  weighing  of  total  alkali 
sulfates  could  be  omitted. 


Table  VI.  Determination  of  Li»0  and  NatO  in  N.B.S.  128  Glass 
with  2.86%  LiiO  Added 


BaO,  % 

R203,  % 

CaO,  % 

MgO,  % 

LhO,  % 

Na20,  % 

K20,  % 
Ignition  loss,  % 


Certificate 

Values 

Values  Corrected  to 
Present  Ignition  Loss 

Found 

0.49 

1.95 

4.76 

3.33 

2 '.93 

0.00 

6.00 

16  83 

16.79 

16.78 

0.99 

0.99 

0.18 

0.43 

CONCLUSIONS 

A  procedure  for  the  application  of  the  Rogers  and  Caley 
method  for  lithium  determination  to  certain  silicates  has  been 
developed  tvhich  gives  reasonable  accuracy  in  the  determination 
of  both  lithium  and  sodium.  Other  constituents  may  be  de¬ 
termined  with  the  usual  accuracy. 
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Spectrographic  Limit  of  Detection  of  Phosphorus,  Titanium, 
and  Zirconium  in  the  Direct  Current  Arc 

DANIEL  P.  NORMAN  and  WILLIAM  W.  A.  JOHNSON 
New  England  Spectrochemical  Laboratories,  West  Medway,  Mass. 


The  spectrographic  limits  of  detection  of  phosphorus,  titanium,  and 
zirconium  have  been  investigated  in  a  series  of  National  Bureau  of 
Standards  standard  samples.  The  samples  were  weighed  directly 
into  a  cored  graphite  electrode  which  was  used  as  the  cathode  of  a 
conventional  direct  current  arc  operated  at  1  5  amperes.  The  spectra 
were  observed  in  the  first  order  of  a  3-meter  grating  spectrograph, 
dispersion  5.6  A.  per  mm.,  by  a  jumping-plate  technique. 
X2553.28  proved  to  be  the  most  satisfactory  spectrum  line  for  the 
detection  of  phosphorus.  When  the  limit  of  detection  of  an  ele¬ 
ment  was  defined  as  the  smallest  amount  which  could  always  be 
detected  with  certainty,  the  limit  of  detection  of  phosphorus  ranged 
from  0.05  to  0.80  microgram  in  nine  different  standards  containing 
from  0.0013  to  0.59%  phosphorus.  X3371.45  was  the  most 
satisfactory  for  the  detection  of  titanium.  The  limit  of  detection  of 
titanium  ranged  from  0.04  to  4  micrograms  in  twelve  samples  con¬ 
taining  from  0.0018  to  0.23%  titanium.  The  optimum  line  for  the 
detection  of  zirconium  proved  to  be  X3391.98  of  the  ionized  atom 
because  the  high  temperature  needed  to  volatilize  zirconium 
favors  the  excitation  of  the  ionized  at  the  cost  of  the  neutral  atom. 
The  limit  of  detection  of  zirconium  was  found  to  vary  from  0.5  to  4 
micrograms  in  six  samples  containing  from  0.0037  to  0.19%  zir¬ 
conium.  No  correlation  was  observed  between  the  limit  of  de¬ 
tection  and  the  percentage  of  an  element  in  a  sample. 


WHILE  carrying  out  numerous  qualitative  spectrographic 
determinations,  in  continuation  of  earlier  work,  the  au¬ 
thors  felt  a  decided  lack  of  reliable  information  concerning  the 
variation  of  the  limit  of  detection  of  the  various  elements  in  a 
variety  of  matrices.  Accordingly,  the  spectrographic  limits  of 
detection  of  several  elements  have  been  systematically  deter¬ 
mined  in  a  number  of  different  samples.  The  results  for  potas¬ 
sium  have  been  reported  ( 9 ),  the  results  for  phosphorus,  titanium, 
and  zirconium  are  reported  in  this  paper,  and  the  results  for 
other  elements  will  be  presented  at  a  later  date. 

TECHNIQUE 

The  technique  used  in  these  investigations  has  previously  been 
described  in  detail  (3). 

Weighed  samples  were  arced  in  a  direct  current  arc  operated  at 
15  amperes,  with  a  250-volt  input.  The  voltage  across  the  elec¬ 
trodes  varied  from  20  to  50  volts,  depending  on  the  sample  being 
arced.  The  interelectrode  gap  was  maintained  manually  at  3 
pom.  as  the  electrodes  burned  away,  with  the  aid  of  an  enlarged 
image  formed  on  a  target  by  an  auxiliary  lens.  The  electrodes 
were  0.6-cm.  (0.25-inch)  diameter  spectrographic  graphite  elec¬ 
trodes  manufactured  by  the  Dow  Chemical  Co.  In  the  lower 
(cathode)  electrode  a  crater  5  mm.  wide  and  4  mm.  deep  was 
drilled  by  a  special  fixture.  The  upper  electrode  was  pointed  in  a 
pencil  sharpener  reserved  exclusively  for  this  purpose. 

For  each  sample  a  fresh  pair  of  electrodes  was  introduced  in 
the  arc  stand  and  preburned  for  40  seconds  to  volatilize  any  trace 
of  impurities  introduced  in  preparing  the  electrodes.  Then  a 
40  second  spectrogram  was  taken  to  record  any  impurities  in¬ 
trinsically  present  in  the  electrodes,  and  the  cathode  was  re¬ 
moved  and  cooled  rapidly  in  a  metal  block.  The  cooled  cathode 
was  transferred  to  a  weighing  block  and  weighed,  the  sample  was 
added,  and  the  loaded  electrode  was  weighed  again  and  replaced 
in  the  arc  stand.  The  spectrograph  shutter  was  opened,  the  arc 
was  started  by  touching  the  upper  electrode  to  the  lower  elec¬ 
trode  and  immediately  separating  the  two,  and  the  spectrograph 
plate  holder  was  racked  down  every  40  seconds  until  the  sample 
■was  completely  consumed. 


The  spectrograms  were  taken  in  the  first  order  of  a  3-meter 
grating  spectrograph,  dispersion  5.6  A.  per  mm.,  on  Eastman  33 
plates.  The  plates  were  developed  for  5  minutes  in  Eastman  D- 
11  developer  at  18°  C.  When  photographing  the  wave-length 
range  above  3200  A.,  the  overlapping  higher  orders  of  the  grating 
were  absorbed  by  a  Corning  No.  738  glass  filter  placed  before  the 
slit  of  the  spectrograph.  A  slit  width  of  15  microns  was  used. 
An  enlarged  image  of  the  arc  was  formed  on  the  slit  of  the  spectro¬ 
graph  with  a  quartz  lens  and  was  so  adjusted  that  the  image  of 
the  cathode  fell  just  off  the  edge  of  the  Hartmann  slide  delimiting 
the  slit  length. 

The  standard  samples  issued  by  the  National  Bureau  of 
Standards  offered  a  convenient  source  of  analyzed  samples  of  a 
wide  range  of  composition  and  were  used  in  these  studies.  Many 
of  the  older  Bureau  of  Standards  standards  contain  trace  amounts 
of  elements  which  are  not  listed  in  the  certificates  of  analysis. 

The  results  tabulated  below  represent  the  smallest  amount  of 
the  element  that  could  always  be  detected  with  certainty  in  the 
given  sample.  One  half  of  these  amounts  was  frequently  de¬ 
tected;  one  tenth  of  these  amounts  was  occasionally  detected. 
Samples  as  small  as  0.2  mg.  were  arced,  and  there  is  no  guaran¬ 
tee  that  such  small  samples  are  representative,  even  when  they 
are  National  Bureau  of  Standards  standards.  In  certain  samples 
(noted  in  the  tables)  it  was  frequently  possible  to  detect  one  tenth, 
or  occasionally  one  twentieth,  of  the  amount  listed.  It  was 
assumed  that  these  variations  were  due  to  inhomogeneities  in  the 
samples  but  in  every  case  the  value  listed  in  the  tables  represents 
the  amount  of  the  element  which  could  always  be  detected  with 
certainty.  The  values  listed  may  therefore  well  be  regarded  as 
upper  limits  and  not  as  the  smallest  amount  which  may  be  de¬ 
tected  under  exceptionally  favorable  conditions. 

PHOSPHORUS 

Considerable  confusion  exists  in  the  literature  concerning  the 
spectrographic  sensitivity  of  phosphorus.  Milligan  and  France 
(8)  have  discussed  the  situation  and  presented  an  adequate  bibli¬ 
ography.  Kiess,  in  a  survey  of  the  spectrum  of  phosphorus  (-5) 
showed  that  “.  .  .  the  ultimate  rays  of  phosphorus  .  .  .,  lying  at 
1774,  1782,  and  1787  A.,  .  .  .  fall  outside  the  range  of  ordinary 
spectrographs  and  cannot  be  relied  on  for  making  spectrochemical 
analyses.  The  group  of  four  lines  near  2550  A.  chosen  by  de 
Gramont  must  continue  to  serve  this  purpose.  .  .  .  They  originate 
in  one  of  the  metastable  states  of  the  atom  and  must  be  desig¬ 
nated  as  penultimate  lines.  .  .” 

Harrison  (2)  gives  the  following  wave  lengths  and  intensities 
for  these  penultimate  lines: 

Ionization 

X  Intensities  Class 

2534.01  25  I 

2535.65  50  I 

2553.28  40  I 

2554.93  30  I 

Of  these  lines  X2535.65,  the  most  intense,  is  frequently  masked 
by  X2535.60  of  iron  (intensity  1000).  Of  the  remaining  lines 
X2553.28  is  the  most  intense  and  is  not  masked  even  in  ferrous 
samples.  The  limit  of  detection  of  phosphorus  was  determined 
at  this  wave  length  in  nine  samples  (Table  I). 

As  a  general  rule  the  phosphorus  lines  did  not  appear  on  the 
plates  until  the  third  or  fourth  spectra,  and  then  persisted  for 
several  spectra  more.  Most  common  phosphorus  compounds 
have  rather  low  boiling  points  and  phosphorus  would  normally 
be  expected  to  appear  in  the  first  few  spectra  and  not  to  persist 
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Table  1.  Spectrographic  Limit  of  Detection  of  Phosphorus  at 

X2553.28 

N.B.S.  Standard 

No. 

Description 

P 

% 

Limit  of  Detection 
M  xerogram 

88 

Dolomite 

0.001 

0.43 

79 

Fluorspar 

0.002 

0.56 

128 

Soda  lime  glass 

0.004 

0.32 

57 

Refined  silicon 

0.008 

0.28 

97 

Flint  clav 

0.03 

0.77 

123a 

Columbium  steel0 

0.035 

0.05 

89 

Lead  barium  glass 

0.10 

0.80 

122 

Carwheel  iron0 

0.31 

0.31 

63a 

Phosphor  bronze0 

0.59 

0.52 

°  Upper  limits, 
tive  (see  text). 

The  smallest  samples  used  were  not  entirely  representa- 

Table  II. 

Strongest  Arc  Lines  of  Titanium 

Intensity 

Pearse  and 

Exner  and 

Ionization 

X 

Harrison 

Gaydon 

Haschek  Kayser 

Class 

5007.21 

200 

20 

9 

I 

4999.51 

200 

2 

20 

10 

I 

4991.07 

200 

20 

9 

I 

4981.73 

300 

3 

20 

9 

I 

4536.05 

40  I 

(  20d 

6R 

I 

4535.92 

40 

8R 

I 

4535.68 

80  i 

4° 

8 

8R 

I 

4534.78 

100 

15 

9R 

I 

4533.24 

150  J 

20 

10R 

I 

4305.92 

300 

20 

10 

I 

3653 . 50 

500 

15 

10R 

I 

3642.68 

300 

15u 

10R 

I 

3636.46 

200 

15 

9R 

I 

3377. 54d 

20  and  15 

10 

8 

I 

3371.45 

100 

6 

10 

9R 

I 

3341.88 

100 

8 

•• 

lOr 

I 

a  See  note  in  text  about  low  dispersion  spectrographs. 

for  any  great  length  of  time.  The  observed  behavior  of  the 
phosphorus  lines  suggests  that  phosphorus  is  present  in  the  sample 
as  high-boiling  phosphides,  or  is  converted  to  such  phosphides 
in  the  arc,  and  that  these  phosphides  gradually  decompose  with 
the  vaporization  of  phosphorus. 

TITANIUM 


bands  and  is  almost  as  sensitive  as  X3371,  but  it  is  seriously  masked 
by  Fe  3341.90  A.  in  ferrous  samples.  X4305  was  nearly  as  sensi¬ 
tive  as  X4999  but  proved  to  be  more  sensitive  to  changes  in  matrix 
than  to  changes  in  the  titanium  concentration.  The  group  of 
five  lines  between  4533  A.  and  4536  A.  may  very  well  prove  to  be 
a  sensitive  criterion  for  titanium  where  a  low  dispersion  spectro¬ 
graph  is  used.  The  authors’  experience  has  been  that  doublets 
are  sensitive  and  easily  recognizable  criteria  on  low  dispersion. 
This  group  is  not  masked  by  any  iron  fines. 

Table  III  lists  the  observed  limit  of  detection  of  titanium  at 
3371.45  A.  in  twelve  National  Bureau  of  Standards  standards. 

ZIRCONIUM 

Table  IV  fists  the  wave  lengths  of  the  fines  in  the  spectrum  of 
zirconium  reported  to  be  the  strongest  in  the  arc.  The  intro¬ 
ductory  remarks  about  intensity  scales  made  for  Table  II  apply 
with  equal  force  to  Table  IV. 

The  high  boiling  point  of  zirconium  and  of  its  carbide  (both 
above  5000°  C.,  11)  makes  the  behavior  of  this  element  in  the  arc 
somewhat  anomalous.  By  the  time  a  temperature  sufficient  to 
volatilize  the  refractory  zirconium-bearing  fraction  of  a  sample 
has  been  attained  in  the  arc  the  excitation  is  so  high  that  the 
principal  fines  of  the  neutral  element  are  scarcely,  if  at  all,  in 
evidence.  The  3391  A.  fine  of  ionized  zirconium  can  be  detected 
consistently  when  2  micrograms  or  less  of  zirconium  are  present 
in  the  arc,  no  matter  in  what  matrix  the  zirconium  is  present, 
whereas  the  appearance  of  the  group  of  fines  at  4700  A.  is  very 
erratic  and  is  a  function  more  of  the  matrix  in  which  the  zirco¬ 
nium  occurs  than  of  the  amount  of  zirconium  present.  All  the 
lines  lying  at  wave  lengths  greater  than  3438  A.  are  involved  in 
carbon  bands,  and  3438  A.  itself  is  frequently  too  heavily  en¬ 
meshed  in  the  wings  of  a  carbon  band  to  be  satisfactory.  The 
authors’  observations  indicate  that  X4772  is  only  one  fourth  as 
sensitive  as  X4739. 

Table  V  lists  the  observed  limit  of  detection  of  zirconium  at 
3391.98  A.  in  six  National  Bureau  of  Standards  standard  samples. 

The  restriction  of  the  data  for  zirconium  to  samples  rich  in  sili¬ 
con  was  set  by  the  lack  of  availability  of  National  Bureau  of 


There  is  little  agreement  among  investigators  as  to  which  ti¬ 
tanium  fine  is  most  satisfactory  for  the  detection  of  small  amounts 
of  titanium.  Much  of  the  disagreement  arises  from  the  fact  that 
the  early  work  was  carried  out  with  spark  and  low  amperage  arc 
sources.  Meggers  ( 6 )  on  theoretical  grounds  gives  X4981.73  as 
the  ultimate  fine  of  titanium,  and  numerous  investigators  have 
confirmed  this  fact  empirically.  Unfortunately  this  line  is 
masked  by  a  heavy  carbon  band  in  the  graphite  arc  and  cannot 
be  used.  When  it  is  important  to  detect  very  minute  traces  of 
titanium  this  line  can  be  observed  in  a  copper  arc.  Harrison 
( 2 ),  Pearse  and  Gay  don  (10),  Exner  and  Haschek  ( 1 ),  and  Kayser 
(4)  have  fisted  the  fines  given  in  Table  II  as  the  strongest  arc 
lines  of  titanium.  The  table  fists  the  wave  lengths  of  the  fines 
as  given  by  Harrison,  and  the  intensities  given  by  Harrison, 
Pearse  and  Gaydon,  Exner  and  Haschek,  and  Kayser,  in  that 
order.  Each  of  these  investigators  has  used  a  different  intensity 
scale  for  his  measurements: 


Harrison’s  scale 
Pearse  and  Gaydon’s  scale 
Exner  and  Haschek’s  scale 
Kayser’s  scale 


0  to  10,000 
0  to  10 
0  to  1000 
0  to  10 


Of  these  fines,  X4981  and  X4991  are  masked  by  carbon,  and  the 
3600  A.  trio  are  in  the  middle  of  a  carbon  band  system.  X4999  is 
about  twice  as  sensitive  as  X5007,  provided  the  plates  are  tech¬ 
nically  perfect — i.e.,  of  excellent  resolving  power,  free  from 
fuzziness  and  background — otherwise  they  are  of  comparable 
sensitivity.  X3371  proved  to  be  at  least  twice  as  sensitive  as 
X4999  and  was  therefore  selected  for  this  study.  X3341  is  more 
favorably  placed  for  observation  with  respect  to  the  carbon 


Table  III.  Spectrographic  Limit  of  Detection  of  Titanium  at 
X3371 .45 

N.B.S.  Standard 

No 

Description 

Ti 

% 

Limit  of  Detection 
Micrograms 

79 

Fluorspar 

0.002 

0.04 

123a 

Columbium  steel 

0.002 

0.08 

88 

Dolomite 

0.003 

0.08 

89 

Lead  barium  glass 

0.006 

0.16 

122 

Carwheel  cast  iron 

0.009 

0.10 

128 

Soda  lime  glass 

0.010 

0.08 

93 

Borosilicate  glass 

0.016 

0.85 

112 

Silicon  carbide 

0.025 

0.15 

107 

Ni-Cr-Mo  cast  iron 

0.037 

0.30 

la 

Argillaceous  limestone 

0.096 

0.07 

57 

Refined  silicon0 

0.10 

4 

61 

°  Upper  limits. 

Ferrovanadium0 

0.23 

1.2 

Table  IV. 

Strongest  Arc  Lines  of  Zirconium 

Intensity 

X 

Harrison 

Pearse  and  Exner  and 

Gaydon  Haschek 

Kayser 

IonizatioD 

Class 

4772.31 

100 

10 

8 

I 

4739.48 

100 

10 

10 

I 

4710.08 

60 

10 

10 

I 

4688.45 

50 

10 

8 

I 

4687.80° 

125 

15 

10 

I 

3601.19 

400 

6 

I 

3572.47 

60 

i 

.  . 

10 

II 

3547.68 

200 

.  . 

7 

I 

3519.61 

100 

8 

I 

3496.21 

100 

2  ■ 

io 

10 

II 

3438.23 

250 

3 

10 

II 

3391.98° 

300 

5 

io 

10 

II 

°  Lines  recommended  by  Meggers  (<?,  7). 
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Table  V.  Spectrographic  Limit  of  Detection  of  Zirconium  at 
X3391 .98 


N.B.S.  Standard 
No. 

Description 

Zr 

Limit  of  Detection 

89 

Lead  barium  glass 

% 

0.004 

Micrograme 

0  5 

93 

Borosilicate  glass 

0.0096 

0  8 

57 

Refined  silicon 

0.025 

1  2 

112 

Silicon  carbide 

0.027 

1  0 

78 

Burnt  refractory 

0.089 

1.2 

97 

Flint  clay 

0.18 

4 

Standards  samples  containing  analyzed  amounts  of  zirconium 
and  low  silicon.  Yet  in  even  so  narrow  a  range  of  matrices  the 
limit  of  detection  of  zirconium  varies  by  a  factor  of  eight. 

A  statistical  analysis  of  the  limits  of  detection  of  phosphorus, 
titanium,  and  zirconium  failed  to  show  any  significant  correlation 
between  the  limit  of  detection  of  an  element  and  the  percentage 
of  the  element  in  the  sample  analyzed. 
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Extinction  Coefficients  of  Spectrophotometric  Standards 

As  Determined  with  the  Beckman  Spectrophotometer 

J.  M.  VANDENBELT,  JEAN  FORSYTH,  and  ANN  GARRETT 
Research  Laboratories,  Parke,  Davis  &  Co.,  Detroit,  Mich. 


The  Beckman  spectrophotometer  has  been  applied  to  the  deter¬ 
mination  of  the  extinction  coefficients  of  several  absorption  standards. 
Two  of  these,  anthraquinone  and  salicylaldehyde  in  ethyl  alcohol, 
have  been  carefully  evaluated  for  the  first  time.  Series  of  data  on 
these  standards  indicate  that  optimum  extinction  coefficients  were 
obtained  with  instrument  densities  of  0.5  to  1.9.  The  extinction 
coefficients  obtained  for  potassium  nitrate  in  water,  potassium 
chromate  in  0.05  N  potassium  hydroxide,  and  a  vitamin  A  ester 
in  ethyl  alcohol,  are  in  good  agreement  with  values  obtained  with 
other  types  of  spectrophotometric  instruments. 


THE  increased  use  of  spectrophotometric  techniques  of  all 
I  kinds  has  increased  the  importance  of  spectrophotometer 
calibration,  especially  through  the  medium  of  an  absorption 
standard.  This  ensures  correct  adjustment  of  the  instrument, 
and  permits  comparison  with  the  values  of  other  workers.  Stand¬ 
ardization  is  especially  important  in  collaborative  assays,  such 
as  those  of  vitamin  A  in  fish  liver  oils.  In  assays  conducted  re¬ 
cently  by  the  United  States  Pharmacopoeia  (17)  and  Vitamin  Oil 
reducers  Institute  (18)  committees,  variations  of  10  to  20% 
in  extinction  coefficients  were  not  uncommon,  even  among  groups 
using  the  same  type  of  instrument.  (Extinction  coefficient  is 
used  in  this  paper  to  designate  both  molecular  e,  which  is  equal  to 
t  i%denSlty’  l0g  Io^’  divided  bY  the  molar  concentration,  and 
cm.  which  is  the  density  divided  by  the  per  cent  concen¬ 
tration.  These  are  for  cell  lengths  of  1  cm.)  The  variations  were 
also  great  among  specialized  or  abridged  instruments,  thus  em¬ 
phasizing  the  need  for  suitable  standardization. 

As  an  absorption  standard,  potassium  chromate  in  0.05  N  po¬ 
tassium  hydroxide  has  long  been  used.  Both  it  and  potassium 
ntrate  have  the  desirable  properties  of  purity,  accessibility,  and 
lability.  However,  the  absorption  maxima  of  these  compounds 
ire  not  at  the  wave  length  of  the  absorption  maximum  of  vitamin 
;  therefore,  they  are  not  suitable  for  the  calibration  of  special- 
zed  instruments  in  vitamin  A  determination.  As  a  result,  Mor¬ 
on  (10)  suggests  anthraquinone  and  salicylaldehyde  for  this 
mrpose.  He  points  out  that  these  compounds  have  absorption 


maxima  at  very  nearly  the  desired  wave  length,  but  adds  that 
their  precise  t  values  have  not  been  determined.  To  make  these 
determinations,  and  to  compare  values  from  the  Beckman  spec¬ 
trophotometer  (6)  with  those  already  existing  for  well-known 
standards,  this  study  was  undertaken. 

A  natural  distilled  vitamin  A  ester  has  also  been  examined. 
This  preparation  has  the  characteristic  ultraviolet  absorption  of 
vitamin  A,  and  was  used  because  its  value  was  relatively 

well  established. 


APPARATUS 


u  iE,C^PHOTO,M™^  The  instrument  used  was  a  Beckman 
Model  DU,  serial  No.  D-355.  All  readings  were  made  using  the 
hydrogen  discharge  tube  and  power  unit  supplied  by  the  Na¬ 
tional  technical  Laboratories.  New  hydrogen  tubes  were  in¬ 
serted  at  such  intervals  that  the  slit  widths  for  each  series  re¬ 
mained  constant.  The  sensitivity  knob  was  set  at  3  turns  from 

e  clockwise  limit.  This  position  falls  within  the  range  recom- 
mended  by  the  manufacturer  and  made  possible  a  convenient 
slit  width  of  0.50  mm.  at  the  wave  length  of  the  vitamin  A  maxi¬ 
mum.  The  wave-length  scale  was  calibrated  with  a  mercury  va¬ 
por  arc  spectrum. 

Absorption  Cells.  A  pair  of  cemented  fused  quartz  cells 
matched  and  calibrated  by  the  National  Technical  Laboratories 
were  set  aside  for  use  in  this  investigation.  They  were  cleaned 
periodically  in  warm  soap  solution.  Between  determinations 
they  were  rinsed  in  turn  with  distilled  water,  methanol,  and  chloro- 
orm.  In  the  case  of  alcoholic  solutions,  chloroform  alone  was 
used  as  a  wash.  Each  cell  was  wiped  carefully  with  a  soft  cloth 
before  use. 


To  obtain  one  density  value  (log  /,//),  readings  through  an 
absorption  maximum  were  made  with  1  my.  increments.  The 
cells  were  then  interchanged  and  the  peak  was  read  through 
again.  The  maximum  densities  in  each  case,  corrected  for  cell 
dimensions,  were  averaged  to  give  one  density  value  which 
when  divided  by  the  concentration,  gave  the  extinction  coeffi- 
cient.  The  cell  interchange  served  principally  as  a  check  on  the 
physical  state  of  the  cells,  since  the  values  obtained  with  either 
cell  as-the  blank  were  not  measurably  different. 

volume  effect  of  change  in  cell  temperature  was  investi¬ 
gated.  Readings  were  ordinarily  within  1  °  of  a  normal  room  tem¬ 
perature  of  25°  C.,  but  there  remained  the  possibility  of  a  slight 
heating  effect  due  to  the  hydrogen  discharge  tube.  Thermom¬ 
eter  tests  indicated  that  if  readings  were  taken  within  0.5  hour 
after  the  hydrogen  tube  was  turned  on,  a  rise  of  not  more  than  1  ° 
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resulted.  Keeping  within  this  time  limit,  no  significant  change  in 

cell  temperature  occurred.  .  „  , 

Glassware.  Solutions  were  prepared  in  volumetric  flasks 
calibrated  to  ±0.1  %.  Where  possible,  flasks  were  chosen  of  such 
size  that  no  further  dilution  was  required.  W  ith  samples  requir- 
ing  serial  dilution,  pipetted  volumes  were  delivered  into  other 
flasks.  The  values  of  not  less  than  two,  usually  three  or  tour 
comparable  serial  dilutions  were  averaged  to  give  one  density 
value. 


MATERIALS 


Potassium  Nitrate.  Reagent  quality  potassium  nitrate  was 
recrystallized  twice  from  redistilled  water.  The  salt  was  dried 
at  110°  with  frequent  grinding,  and  stored  over  Driente. 

Potassium  Chromate.  The  solid  was  recrystallized  twice 
from  0.005  N  potassium  hydroxide  solution.  After  1  week  air¬ 
drying  at  60°  with  frequent  grinding,  it  was  transferred  to  a  suc¬ 
tion  flask  and  maintained  at  60°  and  0.2-mm.  pressure  for  a  24- 

Anthraquinone.  The  compound  was  recrystallized  4  times 
from  absolute  ethyl  alcohol.  Melting  point  285.6  (corrected). 
This  is  in  good  agreement  with  the  values  of  Kempf  (2,  28b  , 
corrected)  and  Philippi  (3,  285-6°). 

Salicylaldehyde  (o-hydroxybenzaldehyde).  ihe  Kastman 
product  was  distilled  at  0.2-mm.  pressure  in  an  atmosphere  of 
nitrogen  until  consecutive  cuts  gave  a  constant  index  of  retrac¬ 
tion  7i2D°  =  1.5732.  Landolt  Q)  indicates  a  value  of  nD  - 
1.5730,  while  the  I.C.T.’s  (8)  value  for  tPV  is  1.57358. 

Vitamin  A  Concentrate.  A  1-ml.  ampoule  of 
the  natural  distilled  vitamin  A  ester,  control  No.  — 

4673,  was  obtained  from  Distillation  Products,  Inc., 
in  March,  1943,  and  stored  at  5°  until  use. 


tion  coefficient,  then,  outside  of  manipulative  and  reading 
errors,  was  that  due  to  the  density  level  on  the  spectrophotom¬ 
eter.  In  all,  a  total  of  58  e  values  was  obtained;  they  are  plotted 
on  the  ordinate  axis  against  densities  in  Figure  1  (top). 

Through  these  points  a  curve  was  drawn.  It  has  a  straight- 
line  portion  in  the  density  range  of  0.5  to  1.9.  At  the  lower  den¬ 
sities  the  curve  rises;  at  the  higher  densities  it  falls.  Anincreased 
spread  of  values  from  the  curve  seems  to  indicate  a  decrease  in  re¬ 
liability  of  instrument  reading  at  these  points.  Of  the  28  nitrate 
e  values  in  the  straight-line  portion,  none  is  more  than  1%  from 
the  curve.  The  position  of  this  portion  of  the  curve  was  deter¬ 
mined  by  the  method  of  least  squares. 

In  similar  fashion,  curves  were  determined  for  the  following: 
potassium  chromate  in  0.05  N  potassium  hydroxide  at  two  wave 
lengths,  anthraquinone  in  alcohol  at  323  rim,  salicylaldehyde  in  al¬ 
cohol  at  326  m/i,  and  a  sample  of  vitamin  A  ester  in  alcohol  at  327 
m>i.  The  data  are  graphed  in  Figures  1  and  2. 


Table  I  gives  a  summary  of  the  data  for  each  compound,  in¬ 
cluding  the  wave  length  of  the  absorption  maximum  and  the  slit 
width  at  which  it  was  read.  Also  listed  are  the  number  of  extinc¬ 
tion  coefficients  obtained,  the  number  of  values  in  the  straight- 
line  portion  of  the  curve,  the  mean  of  these  values,  and  the  log 
mean. 

In  Table  II,  literature  values  of  the  extinction  coefficients  of 
the  compounds  are  compared  with  those  obtained  in  this  study. 
In  the  case  of  the  inorganic  standards,  the  list  is  much  abbre¬ 
viated,  and  restricted  to  the  more  careful  observations  or  group 

averages. 


DISCUSSION 

From  Figures  1  and  2,  it  is  apparent  that  the  extinction  coef¬ 
ficient-density  curves  of  the  compounds  examined  are  essentially 
the  same.  This  is  true  in  spite  of  the  great  relative  difference  in 
concentration  and  variation  in  solvent — namely,  two  inorganic 
standards  in  water,  two  organic  strandards  in  alcohol,  and  one 
natural  product  in  alcohol.  The  extents  of  the  straight-line  sec¬ 
tions,  as  well  as  the  changes  on  either  end  of  the  curves,  are  al¬ 
most  equal.  Although  the  center  section  tends  to  have  a  slight 
negative  slope,  its  order  of  magnitude  is  not  significant  in  most 
determinations,  since  it  does  not  exceed  1%.  In  this  study,  val¬ 
ues  obtained  on  the  center  section  were  less  subject  to  wide  vari¬ 
ations  from  the  curve  than  were  values  obtained  in  the  end 
ranges.  Less  variation  from  the  curve  also  occurred  with  sam¬ 
ples  requiring  no  serial  dilution. 

The  shape  of  the  extinction  coefficient-density  curve  is  prob¬ 
ably  due  to  a  combination  of  factors.  The  slight  negative  slope  of 
the  straight-line  portion  is  similar  to  the  effect  produced  by  scat¬ 
tered  radiation  as  discussed  by  Hogness,  Zscheile,  and  Sidwell 
(7).  The  amount  of  scattered  radiation  is,  however,  very  small, 
as  calculated  by  the  designers  of  the  Beckman  instrument  (5). 
The  significant  changes  in  extinction  coefficient  at  the  extremi¬ 
ties  of  the  density  range  are  of  an  order  indicating  a  breakdown  in 
linearity  of  the  density  and  potentiometer  scales.  The  increase  at 
the  lower  densities  is  fortunately  not  rapid  until  the  section  below 
0.4  has  been  reached.  Therefore,  readings  on  the  straight-line 
portions  are  very  nearly  the  same  as  those  obtained  at  a  density 
of  0.43,  which  has  been  calculated  by  Twyman  and  Allsopp  {16), 


Table  I.  Summary  of  Absorption  Data 


Mean 


PROCEDURE 


Preliminary  experience  had  indicated  that  ex¬ 
tinction  coefficients  obtained  low  on  the  density 
range  of  the  Beckman  were  higher  than  those  ob¬ 
tained  at  the  top  of  the  density  scale.  To  investi¬ 
gate  this  discrepancy,  extinction  coefficients  of  potas¬ 
sium  nitrate  in  water  were  determined  at  all  density 
levels.  In  order  to  eliminate  as  far  as  possible  the 
errors  of  manipulation,  variations  only  in  sample 
weight  were  used  to  produce  a  different  density 
level.  The  principal  cause  of  variation  in  extinc¬ 


Compound 

KNOs 

(in  water) 

K»CrO< 

(in  0.05  N  KOH) 
Anthraquinone 
(in  ethyl  alcohol) 
Salicylaldehyde 
(in  ethyl  alcohol) 
Vitamin  A  ester 
(in  ethyl  alcohol) 


Wave  Length 
of 

Maximum, 

mil 

301 

Slit 

Width, 

Mm. 

0.64 

Total 
No.  of 
Values 
58 

No.  of 
Straight- 
Line 
Values 

28 

Extinction 
Coefficient 
(Straight- 
Line  Values) 
7.064 

Log 

Mean 

0.849 

373 

273 

323 

0.50 

0.69 

0.50 

53 

54 

38 

25 

30 

21 

4800 

3688 

4954 

3.681 

3.567 

3.695 

326 

0.50 

37 

15 

3662 

3.564 

327 

0.50 

47 

21 

106.0 

2.025 
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Observer 


Von  Halban  and  Ebert  (19) 
Scheibe  (15) 

Baly  et  al.  (1) 


Ley  and  Volbert  (9) 
Ewing  et  al.  (6) 


Table  II.  Comparison  of  Extinction  Coefficients 

Wave 
Length, 

Instrument  m/r 

Potassium  Nitrate  in  Water 


This  study 

Rossler  (14) 

Morton  (11) 

Hogness  et  al.  (7) 

U.S.P.  collaborative  assav, 
1940  (17) 

This  study 


Morton  and  Earlam  (12) 
This  study 

Morton  and  Stubbs  (13) 
This  study 


V.O.P.I.  collaborative  assav 
(18) 


This  study 

“  Estimated  from  reference 


Photoelectric  photometer  302 
Photoelectric  photometer  302 
Hilger  spectrograph  +  sector  303 
Hilger  spectrograph  +  Judd  303 
Lewis  photometer 
Spectrophotometer  301 

Bausch  <fc  Lomb  spectrograph  301 
+  sector 

Beckman  spectrophotometer  301 
Potassium  Chromate  in  0.05  N  KOH 
Rotating  sector  and  other  372 
methods 

Hilger  spectrograph  +  sector 
Spectrophotometer 


Mean,  11  spectrographs  (6 
types)  +  photometers 
Beckman  spectrophotometer 


272 

372 
272 

371.5 

272.5 

373 


373 

273 


Anthraquinone  in  Ethyl  Alcohol 
Hilger  spectrograph  +  sector  325. 
Becaman  spectrophotometer  323 

Salicylaldehyde  in  Ethyl  Alcohol 
Hilger  spectrograph  +  sector  325 
Beckman  spectrophotometer  326 

Vitamin  A  Ester  in  Ethyl  Alcohol 
Mean,  17  Beckman  spectro-  327 
photometers 

Mean,  11  spectrographs  (4  327 
types)  +  photometers 
Beckman  spectrophotometer  327 
curve. 


Extinction 

Log 

Extinction 

Coefficient 

Coefficient 

6.98 

0 . 844° 

7.0 

0.84° 

6.92 

0.840 

6.92 

0.840 

7.063 

0.849“ 

7.00 

0.845 

7.064 

0.849 

4520 

3  655“ 

3330 

3 . 522“ 

4719 

3.674 

3612 

3.558 

4830  ±  30 

3  684 

3660  ±  40 

3.563 

4830 

3.684 

4800 

3.681 

3688 

3.567 

5624 

3.75 

4954 

3.695 

3020 

3.48 

3662 

3.564 

105.6 

2.024 

106.1 

2.026 

106.0 

2.025 

as  well  as  Hogness,  Zscheile,  and  Sidwell  (7),  to  be  the  optimum 
density  for  photoelectric  readings.  The  working  range  of  0.5  to 
1.9  indicated  in  this  study  was  obtained  with  compounds  having 
relatively  wide  absorption  bands,  and  it  should  not  be  applied  to 
substances  with  very  narrow  bands  without  further  investigation. 

As  is  evident  from  the  extinction  coefficients  for  potassium 
chromate  and  potassium  nitrate  given  in  Table  II,  the  mean 


values  obtained  are  in  good  agreement  with 
previous  values  for  these  standards.  The  best 
agreement  of  the  potassium  nitrate  is  with  Ley 
and  Volbert  (9),  who  gave  a  value  of  7.063  ob¬ 
tained  from  a  careful  evaluation  of  work  done 
up  to  their  time,  substantiated  by  their  own 
researches.  The  present  value  of  4800  for  the 
373  mq  band  of  potassium  chromate  is  within 
1%  of  the  value  of  4830  given  by  Hogness, 
Zscheile,  and  Sidwell  (7),  and  also  the  value  of 
4830  obtained  in  the  U.S.P.  collaborative  assay 
of  1940  (17).  It  is  slightly  higher  than  the 
value  of  4719  given  by  Morton  in  1938  (11),  al¬ 
though  in  a  recent  work  (10)  he  gives  a  value 
corresponding  to  that  of  Hogness,  Zscheile,  and 
Sidwell  (7).  At  273  mp,  on  the  other  hand,  the 
authors’  value  is  slightly  higher  than  that  of 
either  Hogness,  Zscheile,  and  Sidwell,  or 
Morton.  The  reason  for  this  is  not  apparent, 
since  many  of  the  chromate  data  readings  at 
the  two  maxima  were  obtained  with  the  same 
solutions.  Also,  this  band  has  a  comparatively 
broad  maximum,  and  it  is  unlikely  that  differ¬ 
ences  in  slit  width  could  be  responsible. 

There  is  but  one  previous  value  each  listed 
for  salicylaldehyde  and  for  anthraquinone. 
Since  these  are  qualitative  data,  the  agree¬ 
ment  with  the  authors’  values  is  not  good. 
The  extinction  coefficient  obtained  for  the 
vitamin  A  natural  ester  is  in  almost  exact 
agreement  with  the  mean  values  of  data  from  17  laboratories 
using  the  Beckman  spectrophotometer,  and  from  1 1  laboratories 
using  quartz  spectrographs  with  photometers  in  the  V.O.P.I, 
collaborative  assay  No.  1  (18). 

The  agreement  of  Beckman  values  with  those  of  collaborative 
data  and  other  careful  studies  indicates  that  the  Beckman  spec¬ 
trophotometer  can  be  used  with  confidence  in  the  determination 
of  absorption  coefficients. 
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Combined  Manometer-Barometer  for  Distillation 


G.  ROSS  ROBERTSON 
University  of  California,  Los  Angeles,  Calif. 


THE  standard  U-shaped  manometer  used  commonly  in  dis¬ 
tillation  procedures  suffers  from  a  serious  disadvantage  be¬ 
cause  contaminating  vapors  readily  reach  the  space  normally 
supposed  to  be  a  Torricellian  vacuum  over  the  mercury  in  the 
closed  arm.  Modifications  in  design,  such  as  tube  constriction, 
assembly  of  two  opposed  U-tubes  (1),  etc.,  are  helpful  but  do  not 
eliminate  the  trouble,  particularly  with  inexperienced  workers.  . 

The  taller  model  shown  in  Figure  1,  while  virtually  the  mechani¬ 
cal  equivalent  of  the  short  U-gage,  largely  escapes  contamina¬ 
tion  by  the  interposition  of  an  open  mercury  well.  This  modi¬ 
fication  has  given  satisfaction  for  several  years  in  the  author  s 
laboratory  in  the  hands  of  both  skilled  and  unskilled  and  care¬ 
less  workers.  Its  height  permits  a  much  wider  range  of  measur¬ 
able  pressure,  but  makes  advisable  a  permanent  center-of-desk  or 
wall  mounting,  with  the  convenient  assembly  of  accessories 
pictured  herewith.  Incidentally,  the  device  serves  as  a  useful 
mercurial  barometer  when  the  mercury  is  not  standing  above  zero 
level  in  the  manometer. 

The  bulb  with  capillary  loop  connection  at  the  top  of  the 
barometer  utilizes  the  neat  method  of  producing  a  vacuum  over 
mercury  by  breaking  a  mercury  column.  It  also  permits  res¬ 
toration  of  vacuum  following  contamination  without  the  trouble 
of  boiling  or  pumping  out.  While  the  procedure  is  not  new,  de¬ 
tails  of  technique  do  not  seem  to  be  widely  known. 

The  tube  should  be  of  Pyrex,  including  capillary  stpvk  of 
about  1-mm.  bore.  As  first  prepared  by  the  glass-blower  the  tip 
of  bulb  A  carries  a  simple  tube  extension  which  at  the  outset  is 
connected  to  a  vacuum  pump  capable  of  reducing  pressure  to  0.1 
mm.  or  below.  The  barometer  tube,  already  fitted  but  not  at¬ 
tached  to  its  wooden  support,  is  thoroughly  cleansed.  With  a 
.clamp  attached  at  top  of  A  it  is  allowed  to  stand  erect  in  an  ample 
supply  of  mercury  in  the  bottle.  A  Bunsen  flame  is  now  play  d 
ever  all  of  its  surface  from  points  near  the  bottle  to  bulb  A. 

The  vacuum  pump  is  started,  and  active  heating  of  the  tube 
continued  as  the  mercury  is  allowed  to  rise  slowly  to  barometric 
height.  Mercury  boils  as  the  pressure  becomes  very  low,  with 
some  turbulence,  and  sudden  rise  and  fall  of  the  column.  No 
harm  is  done  if  mercury  is  distilled  into  A. 

When  it  is  judged  that  adsorbed  air  and  chance  bubbles  have 
been  expelled  from  the  mercury  column  and  the  emitted  air  has 
been  removed  to  the  limit  of  the  pump,  the  top  of  A  is  sealed  off 
at  the  hand  torch.  When  the  barometer  tube  is  cool  enough  to 
handle,  it  is  inclined  until  the  mercury  pours  over  through  capil- 
larv  B  into  the  bulb.  Residual  air  is  thus  practically  a,ll  driven 
over  into  A.  The  barometer  is  now  slowly  brought  back  toward 
normal  erect  position,  whereupon  the  mercury  m  A  starts  to  run 
back  into  the  main  barometer  tube.  When  the  end  of  the  re¬ 
treating  mercury  column  reaches  a  position  at  or  near  C,  the 
capillary  loop  is  tapped  with  a  dull  metal  object,  which  thus 
causes  a  break  in  the  flow.  A  small  residual  capillary  section 
of  mercury  then  faffs  back  into  the  U-position  shown  in  the 
figure.  Perhaps  several  repetitions  of  this  procedure  of  inclining, 
raising,  and  tapping  may  be  required  before  a  suitable  amount  of 
mercury  is  trapped.  One  may  now  assume  with  negligible  error 
t  hat  the  space  between  the  two  masses  of  mercury  is  a  vacuum. 

The  support  consists  of  an  assembly  of  five  pieces  of  wood  to 
which  are  fitted  two  appropriate  sections  of  a  common  hardwood 
meter  rule.  The  two  thinnest  pieces  used  in  the  support  should 
be  of  thickness  equal  to  that  of  the  rule  less  half  the  outside  di¬ 
ameter  of  manometer  or  barometer  tube.  The  shorter  scale 
marked  76  is  only  for  incidental  use  of  the  device  as  a  barometer. 
Its  position  is  fixed  by  the  setscrews  m  agreement  wAh  the  read¬ 
ing-  of  a  standard  barometer  at  the  same  altitude  and  temper¬ 
ature,  and  on  a  day  when  atmospheric  conditions  are  normal. 

A  barometer  so  simply  constructed  without  device  for  zero 
setting  would  theoretically  give  a  correct  reading  only  at  the 
pressure  and  temperature  which  prevailed  at  the  time  the  scale 
was  adjusted.  With  tube  and  mercury  well  of  the  proportions 
shown  in  the  figure,  however,  an  error  of  only  0.012  mm.  appears 


for  each  millimeter  by  which  the  barometer  reading  deviates  from 
the  initial  standard  setting.  Zero  errors  of  similar  magnitude 
would  arise  from  temperature  changes.  Since  a  barometer  read¬ 
ing  in  any  case  must  be  corrected  for  temperature,  one  might 
readily  consolidate  all  corrections  for  temperature  and  change  in 
zero  level  into  one  table  which  would  be  an  elaboration  of  a 
standard  table  (cf.  handbooks)  for  temperature  correction  with 
scale  having  a  certain  expansion  coefficient. 

If  the  user  is  not  interested  in  barometer  readings,  he  may 
economize  by  using  a  narrower  bottle  with  less  mercury.  Al¬ 
though  scale  76  would  then  seem  superfluous,  it  is  still  desirable 
to  provide  a  mark  for  future  reference  when  one  wishes  to  know 
whether  vapor  may  have  entered  the  barometer.  In  regions  of 
wide  barometric  fluctuation,  unlike  the  author’s  district,  it  may 
be  desirable  to  allow  1  or  2  cm.  additional  length  of  tubes  In 
any  case,  fluctuations  in  zero  level  have  no  relation  to  final  dif¬ 
ferential  readings  of  the  manometer.  Higher  precision  in 
measurement  of  low  pressures  is  obtained  by  use  of  larger  tubes, 

as  discussed  by  Zimmerli  (7).  , 

Before  barometer  and  manometer  tubes  are  fastened  to  the 
support,  a  coat  of  white  lacquer  is  applied  to  the  back  side  of  the 
tubes  in  likeness  to  the  milk-glass  coating  at  the  back  of  a  ther¬ 
mometer.  Finally  a  loose  plug  of  cotton  is  inserted  m  the  mouth 
of  the  bottle  for  protection. 

Experience  in  this  laboratory  indicates  that  extraneous  vapors 
or  liquids  do  not  readily  bridge  the  gap  between  the  two  tubes  in 
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the  well.  If  at  any  future  time,  however,  there  is  evidence  that 
contamination  has  occurred,  it  is  not  necessary  to  reattach  the 
the  pump  to  bulb  A.  The  barometer  tube  is  merely  loosened 
from  its  mounting,  cleansed  from  white  lacquer  with  acetone  on 
cloth,  heated  thoroughly,  and  inclined  again  to  force  the  new 
vapors  into  bulb  A.  The  subsequent  operations  of  return  of 
mercury,  trapping  of  capillary  segment,  etc.,  follow  as  previously 
described.  This  time  the  capillary  U-section  of  mercury  will 
probably  come  to  rest  with  arms  at  unequal  height,  but  the  ba¬ 
rometer  should  be  at  correct  position. 

In  the  assembly  for  evacuation  of  distilling  apparatus  SP  is  a 
central  vertical  standpipe,  3/s-inch  standard  iron  pipe  size,  includ¬ 
ing  three  T-fittings  and  an  elbow  at  the  top.  The  bottom  end  is 
plugged  gastight  and  mounted  securely  by  flange  to  desk  or  base¬ 
board.  The  several  accessories  are  conveniently  attached  and 


removed  at  the  respective  brass  hose  nipples  in  the  T-fittings. 
The  elbow  fitting,  3/s  to  l/<,  is  connected  to  a  Hoke  needle  valve, 
which  may  be  employed  as  a  simple  “bleeder”  or  air  inlet,  or 
may  be  connected  to  a  manostat  not  shown  in  the  figure. 

.  F  is  a  filter  bottle  containing  granular  solid  reagent  to  assist 
in  trapping  reactive  vapors— for  example,  soda-lime.  T  is  a 
vapor  trap  consisting  of  a  500-ml.  long-necked,  round-bottomed 
flask  with  a  high,  short,  and  sturdy  side  stem,  and  central  inlet 
tube  leading  to  the  center  of  the  body  of  the  vessel.  The  flask 
rests  in  a  dry  ice-alcohol  bath  held  in  a  jar  protected  by  heat 
insulation,  such  as  that  provided  by  a  1-gallon  paint  pail  fined 
with  mineral  wool.  One  should  take  care  to  place  the  pump- 
motor  assembly  (P,  M)  with  belt  and  pulleys  on  the  inside 
thus  minimizing  hazard  of  injury  to  the  hands  of  workers. 
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Spectrophotometric  Determination  of  Small  Amounts 
of  Copper  Using  Rubeanic  Acid 

E.  JOHN  CENTER  AND  ROBERT  M.  MACINTOSH,  Battelle  Memorial  Institute,  Columbus,  Ohio 


A  rapid  accurate  method  for  small  amounts  of  copper,  using  rubeanic 
acid,  is  described.  Spectral  transmittance  curves  for  copper,  nickel, 
cobalt,  and  iron  in  a  weak  acetic  acid  solution  with  rubeanic  acid  are 
shown.  Fading  of  the  color  and  maximum  permissible  amounts  of 
certain  elements  at  650  millimicrons  arc  indicated.  Transmittance 
vs.  copper  concentration  curves  have  been  prepared  for  wave  lengths 
of  400  and  650  millimicrons. 


RUBEANIC  acid  [dithiooxamide,  (NH:C.SH)j]  has  been 
employed  by  a  number  of  investigators  for  microdetection 
of  copper  (1-6),  cobalt,  nickel,  and  other  ions  (2-8, 10). 

According  to  Ray  (6)  copper,  nickel,  and  cobalt  are  quantita¬ 
tively  separated  in  the  form  of  an  amorphous,  colored  precipitate 
trom  an  ammoruacal  solution: 


VNHl 

i— NH, 


C==NH 

\s- 

/s- 

C^=NH 


+  2H+ 


Me(Cu,  Ni,  Co) 


HN. 


rv 


i  i;NH 


Me 


Feigl  and  Kapulitzas  (8)  showed  that  if  free  acetic  acid  were 
jresent  the  sensitivity  of  rubeanic  acid  to  cobalt  and  nickel  was 
jreatly  depressed,  but  that  copper  still  gave  a  reaction. 

Ailport  and  Skrimshire  (1)  used  a  buffered  acetic  acid  solution 
md  reported  that  copper  gave  an  olive-green  color  and  that  lead 
nanganese,  bismuth,  tin,  and  zinc  gave  no  color  with  the  reagent.’ 
Lney  quantitatively  determined  copper  in  organic  materials. 

According  to  British  Drug  Houses  (2),  rubeanic  acid  may  be 
mployed  for  the  colorimetric  determination  of  copper  in  a  solution 
ontaimng  2%  each  of  free  acetic  acid  and  ammonium  acetate  and 
cc.  ot  0.1%  alcoholic  solution  of  the  reagent  in  100-ml.  volume, 
ree  mineral  acid  must  be  absent,  and  not  more  than  0.06  mg  of 
opper  should  be  present.  s' 

Willard  and  Diehl  (9)  report  that  the  reagent  may  be  used  for 
he  quantitative  determination  of  copper  at  a  pH  of  about  4 
it  Vr  gum  arablc  Present  to  stabilize  the  system.  They 
rate  that  manganese  and  zinc  do  not  interfere,  but  that  cobalt 
nd  mckel  give  colors  with  the  reagent. 


Because  of  the  need  for  more  complete  quantitative  data  on 
he  copper-rubeanic  acid  complex  during  the  analysis  of  potable 
rater,  the  following  study  was  made. 


EXPERIMENTAL 

A  spectral  transmittance  curve  of  the  copper-rubeanic  acid 
complex  in  a  weak  acetic  acid  solution  (pH  4.8)  is  indicated  in 
Figure  1  (conditions  given  below). 

Spectral  transmittance  curves  for  iron,  nickel,  and  cobalt  in  a 
weak  acetic  acid  solution  with  rubeanic  acid  are  shown  in  Figure 
2.  The  nickel  complex  rapidly  precipitates  at  the  high  concentra¬ 
tion  indicated.  The  iron  color  is  due  to  reaction  with  the  acetate 
buffer. 

A  plot  of  transmittance  vs.  copper  concentration  at  wave 
lengths  of  400  and  650  millimicrons  is  given  in  Figure  3.  Stand¬ 
ards  for  the  plot  were  made  up  from  a  standard  copper  acetate 
solution,  and  run  according  to  the  method  given  under  Procedure. 

Because  it  was  anticipated  that  relatively  large  amounts  of 
iron,  nickel,  and  cobalt  might  be  present  in  the  solution  being 
tested,  a  working  wave  length  of  650  millimicrons  was  selected 
even  though  the  slope  of  the  fine  (Figure  3)  is  far  less  favorable 
than  at  400  millimicrons.  If  no  interference  from  elements  ab¬ 
sorbing  in  the  blue  is  expected,  or  if  their  concentration  is  very 
low,  the  measurement  should  be  made  at  400  millimicrons. 

Table  I  shows  the  maximum  permissible  concentration  of  ele¬ 
ments  at  650  millimicrons  using  a  Coleman  10s  spectrophotom¬ 
eter  with  a  5-millimicron  slit. 

The  transmittance  of  the  copper-rubeanic  acid  complex  in¬ 
creases  on  standing,  owing  to  precipitation.  However,  this 


Figure  1 .  2.6  P.P.M.  of  Copper  Present  as  Copper— Rubeanic 
Acid  Complex 
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Figure  2.  Spectral  Transmittance  Curves  fordNickel, 
Cobalt,  and  Iron  in  Weak  Acetic  Acid  with  Rubeanic 
Acid 


Figure  3.  Transmittance  vs.  Concentration  Curves  for 
Copper-Rubeanic  Acid  Complex 


Table  I.  Maximum  Permissible  Concentrations 


Element 

Added  as: 

Maximum  Permissible 
Concentration  at  650 
Millimicrons,  P.P.M. 

Mn  +  + 

MnSO< 

6000 

Zn  +  + 

Zn(C2H302)2 

400 

Fe  +  +  + 

Fe2(S04)3(NH4)2S04.24H20 

250 

Fe  +  + 

Fe(NH4)2(S04)2.6H20 

200 

Co  +  + 

Co(N02)2 

60 

Ni  +  + 

NiSCh 

40 

Ag  + 

AgNCb 

8 

Mn+++++++ 

KMnO. 

0  • 

change  is  gradual  enough  so  that  measurement  of  the  color  inten¬ 
sity  is  possible  without  significant  error.  A  plot  of  transmittance 
vs.  time  for  two  copper  samples  is  shown  in  Figure  4. 

REAGENTS  AND  APPARATUS 

Rubeanic  acid  (Eastman  Kodak),  0.1%  solution  in  200-proof 
ethyl  alcohol.  This  solution  is  stable  for  at  least  2  or  3  months. 

Acetate  buffer:  400  cc.  of  glacial  acetic  acid,  400  grams  of  c.p. 
ammonium  acetate,  (CH3COO)NH4,  and  200  cc.  of  distilled 
water 

Coleman  DM  spectrophotometer,  Model  10s,  5-millimicron 
slit.  Round  cuvettes  were  used. 

PROCEDURE 

A  suitable  aliquot  containing  the  desired  amount  of  copper 
(0.025  to  0.2  mg.)  and  free  from  mineral  acid  is  placedinatesttube 


TIME  IN  MINUTES 


Figure  4.  Fading  of  Copper-Rubeanic  Acid  Complex 


Table  II.  Accuracy  and  Precision 


Sample 

Cu  Present 

Cu  Found 

Difference 

P.p.m. 

P.p.m. 

P.p.m. 

1 

3.06 

3.16 

+  0.10 

2 

1.44 

1.36 

-0.08 

3 

1.70 

1.60 

-0.10 

4 

3.00 

3.04 

+  0.04 

5 

1.00 

0.98 

-0.02 

6 

3.66 

3.66 

0.00 

7 

1.00 

0.96 

-0.04 

8 

0.40 

0.40 

0.00 

9 

4.00 

3.92 

-0.08 

10 

2.40 

2.34 

-0.06 

11 

0.80 

0.70 

-0.10 

12 

1.10 

1.04 

-0.06 

13 

2.20 

2.24 

+  0.04 

14 

0.86 

0.80 

-0.06 

15 

4.50 

4.44 

-0.06 

16 

0.40 

0.40 

0.00 

17 

1.00 

0.98 

-0.02 

18 

2.00  - 

1.96 

-0.04 

19 

3.00 

3.00 

0.00 

20 

3.60 

3.66 

+  0.06 

having  a  50-ml.  mark  (if  copper  is  very  low,  47  ml.  should  be 
used),  and  2.5  ml.  of  acetate  buffer  are  added  followed  by  dis¬ 
tilled  water  (copper-free)  to  make  a  total  volume  of  49.5  ml. 
Then  0.5  ml.  of  rubeanic  acid  reagent  is  added,  and  the  tube  is 
stoppered  and  inverted  four  or  five  times  to  mix  the  contents 
thoroughly.  The  transmittance  is  read  within  2  or  3  minutes,  at 
the  desired  wave  length  (650  or  400  millimicrons),  using  a  Cole¬ 
man  spectrophotometer  or  other  suitable  instrument.  Distilled 
water  is  used  as  a  blank. 

A  blank  on  reagents  and  distilled  water  should  be  run,  as  ap¬ 
preciable  amounts  of  copper  may  be  present. 

RESULTS 

Table  II  indicates  the  accuracy  and  precision  obtained  by 
analyzing  samples  of  water,  containing  known  amounts  of  copper, 
at  a  wave  length  of  650  millimicrons. 
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Correction 

In  the  correspondence  on  o-cresol  in  phenol  [Ind.  Eng.  Chem., 
Anal.  Ed.,  16,  772  (1944)]  an  error  was  made  in  lines  2  and  4  of 
the  second  paragraph.  “Crystallizing  point”  should  have  been 
used  instead  of  ‘‘cloud  poind’  in  these  two  instances. 

P.  J.  C.  Haywood 


Analysis  of  the  Light  Constituents  in  Crude  Petroleum  by 
Low-Temperature  Fractional  Distillation 

R.  J.  ASKEVOLD  AND  M.  S.  AGRUSS,  The  Pure  Oil  Company,  Chicago,  III. 


IN  THE  calculation  of  material  balances  on  distillation  and 
cracking  units  in  oil  refineries,  it  is  often  desirable  to  know  the 
composition  of  the  light  gases  occurring  in  the  original  crude  oil 
charge.  This  is  particularly  important  at  present  because  of  the 
increasing  use  of  these  materials  in  the  production  of  aviation 
gasoline.  The  low-temperature  fractional  distillation  columns 
commonly  used  for  gas  analyses  are  not  entirely  suitable  for  de¬ 
termination  of  the  light  constituents  in  crude  oil  because  of  the 
small  quantities  of  these  gases  present.  Difficulty  is  also  caused 
by  the  fact  that  most  crudes  contain  some  water,  which  tends  to 
collect  and  freeze  in  cold  portions  of  the  column,  causing  partial 
plugging  and  consequent  flooding. 

The  method  here  described  is  particularly  suited  for  labora¬ 
tories  where  such  analyses  are  but  seldom  required  and  where 
regular  debutanizing  equipment  is  not  available.  Considerable 
time  is  saved,  compared  to  operation  of  a  pilot  still. 

The  apparatus  permits  the  use  of  a  crude  oil  sample  sufficiently 
large  to  provide  measurable  quantities  of  butane  and  lighter  gases 
for  distillation  in  an  ordinary  low-temperature  fractional  distilla¬ 
tion  column,  and  at  the  same  time  removes  water  from  the  por¬ 
tion  of  the  sample  which  enters  this  column. 

Figure  1  illustrates  the  auxiliary  still  which  may  be  used  in  con¬ 
junction  with  any  low-temperature  fractional  distillation  column 
having  a  still  body  of  20-ml.  capacity  or  more.  Before  an  analy¬ 
sis,  the  column  of  the  auxiliary  still  is  filled  with  sodium  hy¬ 
droxide  pellets  to  form  the  packing,  and  pellets  are  placed  in  the 
flask  to  act  as  boiling  stones.  The  entire  system  is  evacuated  to  a 
pressure  of  less  than  1  mm.  of  mercury,  by  means  of  the  pump 
regularly  used  with  the  gas-analysis  equipment.  The  reflux  con¬ 
denser  of  the  low-temperature  column  is  cooled  below  the  boiling 
point  of  methane,  and  a  Dewar  flask  containing  acetone  and  dry 
ice  is  placed  around  the  inlet  tube  of  this  column.  The  crude  oil 
sample  bomb  is  then  connected  to  the  inlet  stopcock  of  the 
auxiliary  still,  and  sample  is  slowly  introduced  to  the  flask  by 
means  of  this  stopcock.  Immediately  after  sampling  is  finished, 
the  electric  heating  is  started  to  strip  light  constituents  from 
the  crude  oil. 

During  distillation  through  the  pellet-packed  column,  water 
and  hydrogen  sulfide  will  be  removed;  heavier  hydrocarbons  will 
condense  in  the  still  kettle  of  the  low-temperature  column,  and 
lighter  ones  will  be  refluxed  by  the  cold  reflux  condenser.  Heat¬ 
ing  of  the  auxiliary  still  should  be  slow  enough  for  good  fractiona¬ 
tion,  but  should  be  continuously  increased,  to  ensure  a  slightly 
higher  pressure  in  the  auxiliary  still  than  in  the  low-temperature 
fractional  distillation  column  at  all  times;  reversal  of  this  pres¬ 
sure  differential  will  cause  some  of  the  cold  condensate  to  flow 
back  into  the  auxiliary  column,  with  rapid  vaporization  and  a 


Table  I.  Typical  Analyses  on  Crude  Oils 

Weight  Percentage,  Water-Free  and  Hydrogen  Sulfide— Free 


CONVENTIONAL 

LOW  temperature 

FRACTIONATING 

COLUMN 


6 MM.  0.0  TUBING 


THERMOMETER 
TO  100‘C 


0*C 


~f  ADAPTER  T 

TO  2^oT 


24  MM.  DIAMETER— 


0 


24. 


Figure  1 .  Auxiliary 
Still 


DIAGONAL  BORE 
STOPCOCK 
MM.  QD 
TUBING 


Michigan 

Van  Zandt 

Cabin  Creek 

Eureka 

A 

B 

A 

B 

A 

B 

A 

B 

Methane 

0.00 

0.00 

0.00 

0.00 

Trace 

Trace 

Trace 

Kthane 

0.00 

0.01 

0.01 

0.02 

0.04 

0.06 

0.02 

0.02 

Propane 

0.16 

0.14 

0.16 

0.16 

0.39 

0.49 

0.25 

0.25 

Isobutane 

0.11 

0.09 

0.33 

0  36 

0.44 

0.50 

0.35 

0.22 

n-Butane 

0.48 

0.46 

0.53 

0.43 

1.08 

1.14 

0.66 

0.65 

Pentanes-l- 

99.25 

99.30 

98.97 

99.03 

98.05 

97.81 

98.72 

98.86 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Corning 

Mid-Continent 

Creole 

Cumberland 

A 

B 

A 

B 

A 

B 

A 

B 

Methane 

Trace 

Trace 

0.00 

0.00 

0.01 

Trace 

Trace 

Ethane 

0.04 

0.03 

0.02 

Trace 

0.04 

0.01 

0.03 

0.04 

Propane 

0.22 

0.22 

0.22 

0.25 

0.09 

0.07 

0.48 

0.45 

Isobutane 

0.25 

0.18 

0.28 

0.25 

0.05 

0.04 

0.25 

0  29 

n-Butane 

0.51 

0.49 

1,18 

1.13 

0.08 

0.04 

1.15 

1.09 

Pentanes  + 

98.98 

99.08 

98.30 

98.37 

99.73 

99.84 

98.09 

98.13 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

A.  Proposed  method. 

3.  Debutanizer  method. 

500  CC  OR  I  LITER 
ROUND  BOTTOM 

violent  pressure  surge.  If  '  '  FLASI' 

the  pressure  in  the  low- 
temperature  fractional  dis¬ 
tillation  column  reaches 
atmospheric  during  the 

period  of  crude-stripping,  methane  is  distilled  off  at  a  rate  suffi¬ 
cient  to  maintain  atmospheric  pressure.  The  crude  may  be 
safely  assumed  to  be  free  of  butane  and  lighter  gases  when  the 
temperature  indicated  by  the  thermometer  at  the  top  of  the 
auxiliary  column  reaches  55°  C.  At  this  point  the  electric  heater 
is  lowered  and  the  connection  closed  between  the  two  columns. 

The  condensate  in  the  column  is  fractionated  in  the  usual 
manner  to  separate  methane,  ethane,  propane,  isobutane,  and 
n-butane,  after  which  the  residue  of  pentanes  and  heavier  is  dis¬ 
tilled  back  into  the  stripped  crude  oil  by  cooling  the  auxiliary 
still  with  dry  ice.  The  weight  of  each  light  hydrocarbon  may  be 
calculated  from  the  amount  distilled,  and  the  weight  per¬ 
centage  of  each  obtained  on  the  basis  of  the  water-  and 
hydrogen  sulfide-free  crude  oil,  by  weighing  the  crude 
—  residue.  If  it  is  desired  to  fractionate  the  stripped  resi¬ 
due  to  obtain  further  data,  the  flask  containing  this  resi¬ 
due  may  be  transferred  to  any  suitable  crude 
column,  and  distillation  continued. 


assay 


Using  the  auxiliary  still  described  in  this  paper,  a 
number  of  analyses  have  been  made  on  batches  of  crude 
oil,  which  were  also  distilled  in  a  pilot-size  batch  de¬ 
butanizing  still,  with  a  18.9-liter  (5-gallon)  stainless  steel 
kettle,  180-cm.  (6-foot)  saddle-packed  glass  column,  and 
refrigerated  total  condenser  capable  of  refluxing  propane. 
Suchdistillations  yielded  completely debutanized  straight- 
run  gasoline,  and  the  gases  were  measured  and  collected 
in  a  gas  holder.  Analytical  results  on  these  relatively 
large  volumes  of  gas,  when  calculated  to  the  basis  of  the 
crude,  show  good  agreement  with  analyses  described  here 
(Table  I). 

Presented  before  the  Division  of  Petroleum  Chemistry  at  the 
105th  Meeting  of  the  American  Chemical  Society,  Detroit,  Mich. 
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Quantitative  Microchemistry  in  Clinical  Laboratories 

ALBERT  E.  SOBEL,  Pediatric  Research  Laboratory  and  Division  of  Biochemistry,  Jewish  Hospital  of  Brooklyn,  Brooklyn,  N.  Y. 


Development  of  quantitative  ultramicrochemistry  for  use  in  the 
clinical  laboratory  is  discussed,  with  descriptions  of  refinements  in 
apparatus  and  techniques,  new  reagents,  and  new  procedures. 
In  titrimetric  methods  refinements  are  based  on  the  capillary  micro¬ 
buret,  more  sensitive  indicators,  and  use  of  indicator  dyes  such  as 
dithizone  and  dichlorophenolindophenol.  In  colorimetric  methods 
refinements  are  based  on  the  microcolorimeter  and  the  photoelectric 
colorimeter.  Precision  and  reliability  have  been  improved. 

THE  use  of  micromethods  in  medicine  dates  back  to  the  days 
of  the  discovery  of  the  microscope.  This  made  possible  the 
visualization  of  small  cells  and,  later,  with  the  aid  of  a  calibrated 
chamber,  permitted  estimation  of  the  number  of  red  and  white 
cells  present  in  a  given  volume  of  blood. 

As  far  back  as  1870,  the  blood  to  be  employed  in  a  red  cell 
count  was  measured  in  dilution  pipets  with  a  volume  of  the  order 
of  0.002  to  0.005  ml.  In  such  pipets  the  actual  volume  was  not 
carefully  calibrated.  Instead,  the  ratio  was  calibrated,  of  one 
volume  (designed  to  hold  the  blood)  to  a  second  volume  (to 
which  the  blood  was  diluted).  In  1878,  Gowers  (S),  using  a 
0.02-ml.  capillary  pipet  for  measuring  out  his  samples,  described  a 
method  for  the  quantitative  estimation  of  hemoglobin  on  0.02 
ml.  of  blood.  The  amount  of  hemoglobin  present  in  such  volume 
is  about  3  mg.  However,  micromethods  for  the  estimation  of  the 
other  components  of  blood,  present  in  concentrations  of  1  part  in 
a  thousand  to  1  part  in  a  million  or  even  less,  were  more  difficult 
and  this  problem  was  solved  much  later. 

The  development  of  these  methods  was  stimulated  by  the  dis¬ 
covery  that  the  composition  of  blood,  especially  of  blood  serum, 
changes  in  certain  diseases — for  example,  sugar  increases  in  dia¬ 
betes,  uric  acid  increases  in  gout,  calcium  decreases  in  a  type  of 
convulsion  called  tetany  and  increases  in  hyperparathyroidism, 
and  bicarbonate  increases  in  alkalosis  and  decreases  in  acidosis. 
In  the  early  days  these  studies  required  a  great  deal  of  blood.  As 
late  as  1912  a  reliable  method  for  blood  sugar  required  100  ml.  of 
blood  ( 1 ).  With  such  methods  the  checking  of  blood  sugar 
levels  for  a  day  or  a  “glucose  tolerance”  test  would  require  400  to 
800  ml.  of  blood;  for  duplicate  analyses  800  to  1600  ml.  of  blood 
would  be  required.  Such  amounts  cannot  be  taken  with  safety 
even  from  a  healthy  adult,  let  alone  a  sick  one,  and  for  young 
children  are  entirely  prohibitive. 

Between  1912  and  1922,  Europe  saw  the  development  of  micro¬ 
methods  by  Pregl  and  Emich  which  were  mainly  designed  for 
the  ultimate  analysis  of  organic  and  inorganic  compounds.  In 
the  same  decade  a  similar  and  parallel  development  of  micro¬ 
methods  took  place  in  clinical  chemistry.  Here,  American 
chemists  were  outstanding.  A  complete  list  of  the  principal  in¬ 
vestigators  would  be  far  too  long  to  enumerate  here.  (The 
reader  is  referred  to  the  excellent  bibliography  and  critical  dis¬ 
cussion  of  methods  by  Peters  and  Van  Slyke,  9,  which  include 
most  of  the  important  procedures  developed  during  this  period.) 
However,  three  important  investigators  worked  along  three  main 
directions:  (1)  gasometric  methods,  D.  D.  Van  Slyke  and  asso¬ 
ciates;  (2)  colorimetric  methods,  Folin  and  associates;  (3) 
titrimetric  methods,  B.  Kramer  and  associates.  Their  proce¬ 
dures  were  characterized  by  the  use  of  the  pipet  and  not  the  micro¬ 
balance  for  measuring  the  original  sample.  They  aimed  at  sim¬ 
plicity  and  speed  which  was  then,  even  as  it  is  today,  desired  in  a 
clinical  micromethod,  because  the  results  must  be  not  only  reliable 
but  fast  if  the  patient  is  to  benefit  from  such  analyses.  These 
early  micromethods  required  from  1  to  10  ml.  of  blood  which  were 
analyzed  for  components  present  at  times  to  no  more  than  20 
micrograms. 


As  a  result  of  these  early  micromethods,  the  demand  for  esti¬ 
mations  in  clinical  and  experimental  medicine  grew  by  leaps  and 
bounds,  owing  to  the  better  understanding  of  their  significance. 
Where,  in  the  earlier  days,  one  to  three  components  were  analyzed 
in  blood,  the  demand  rose  in  some  cases  for  as  many  as  twenty  to 
thirty  components  in  a  given  specimen.  If  these  analyses  were  to 
be  done  in  duplicate  (as  they  should  be  for  the  sake  of  reliability) 
they  might  require  as  much  as  100  to  200  ml.  of  blood  serum,  rep¬ 
resenting  250  to  500  ml.  of  whole  blood.  Naturally  this  was  not 
desirable  and  in  some  cases  such  analyses  were  done  on  specimens 
drawn  at  various  time  intervals.  Often  a  portion  of  these  analy¬ 
ses  was  not  done  at  all,  even  though  the  clinical  condition  war¬ 
ranted  it.  From  young  children  and  especially  newborn  infants, 
only  small  amounts  of  blood  may  be  obtained  and  there  it  was 
even  more  imperative  to  limit  the  amount  taken  for  analysis  be¬ 
low  that  used  by  the  prevailing  micromethods.  For  multiple 
determinations  and  for  infants,  therefore,  methods  for  even 
smaller  amounts  of  blood  were  desired. 

From  this  background  a  new  form  of  clinical  microchemistry 
is  being  developed  which  we  may  call  “ultramicro”,  since  it 
deals  with  even  smaller  amounts  of  sample  than  the  older  micro- 
methods.  Only  0.01  to  0.2  ml.  of  blood  is  required  for  an  analy¬ 
sis.  The  amount  of  the  component  to  be  analyzed  in  such  sam¬ 
ples  is  at  times  less  than  1  microgram. 

Quantitative  ultramicrochemistry  in  the  clinical  laboratory 
was  made  possible  in  part  by  refinements  in  apparatus  and  tech¬ 
niques  and  in  part  by  new  reagents  and  new  procedures.  In 
titrimetric  methods  the  refinements  are  based  on  (1)  the  capillary 
microburet  which  permits  titrations  with  0.010  to  0.100  ml.  of 
liquid  with  a  precision  of  0.0001  or  even  0.00002  ml.,  depending 
on  the  purpose  for  which  it  was  designed,  (2)  more  sensitive  indi¬ 
cators  for  the  visual  observation  of  the  end  point,  and  (3)  the 
use,  for  titration,  of  dyes  like  dithizone  and  dichlorophenolindo¬ 
phenol  whose  color  change  at  the  end  point  is  perceptible  at  great 
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Figure  1 .  Microapparatus  for  Blood  Analysis 


242 


April,  1945 


ANALYTICAL  EDITION 


243 


dilution.  Thus,  titrations  may  be  carried  out  with  solutions  as 
dilute  as  0.00005  N  and  still  have  a  visual  observation  of  the  end 
point. 

In  colorimetric  methods  the  refinements  are  based  on  (1)  the 
microcolorimeter  which  permits  the  visual  matching  of  small 
volumes  of  colored  solutions,  and  (2)  the  photoelectric  color¬ 
imeter,  using  an  almost  monochromatic  light  with  the  aid  of  light 
filters  or  a  diffraction  grating  or  prisms.  These  instruments  in¬ 
crease  both  the  specificity  and  the  sensitivity,  so  that  more  dilute 
color  can  be  employed  successfully. 

The  gasometric  clinical  methods  did  not  undergo  such  drastic 
changes  because  they  were  capable  of  analyzing  smaller  amounts 
of  blood  almost  at  their  inception.  For  most  purposes  they  do 
not  find  so  much  favor  because  of  time-consuming  features  and 
expense  when  a  great  number  of  analyses  are  to  be  carried  out. 
It  is  likely,  however,  that  some  gasometric  device,  possibly  a 
modified  Van  Slyke  or  Warburg  apparatus,  will  become  part  of 
the  routine  equipment  of  the  clinical  laboratory  employing  ultra¬ 
micromethods. 

In  the  course  of  organizing  and  directing  the  chemical  labora¬ 
tories  of  this  hospital,  the  problem  of  simplicity  as  well  as  the  use 
of  decreasing  amounts  of  blood  challenged  the  author.  The 
additional  goal  was  to  improve  the  precision  and  reliability  of 
such  methods.  The  manner  in  which  this  was  met  may  serve  as 
an  illustration  of  recent  trends  in  clinical  microtechnique.  To 
improve  reliability  a  rigid  system  of  duplicates,  reagent  blanks, 
knowns,  and  recoveries  of  known  amounts  added  to  a  portion  of 
the  sample  to  be  analyzed  was  introduced  as  a  routine  measure. 
To  reduce  quantities  of  materials  used  in  most  of  the  colorimetric 
methods  all  volumes  were  cut  down  in  proportion. 

Employing  the  high-speed  centrifuge  for  removing  precipitated 
proteins,  the  aliquot  of  the  filtrate  used  for  actual  analysis  repre¬ 
sented  66  to  90%  of  the  original  sample  or  even  100%  (when  the 
precipitate  was  washed,  as  in  the  estimation  of  free  cholesterol, 
15).  In  the  earlier  micromethods  filtration  was  used  and  the 
aliquot  obtained  from  the  filtrate  for  the  actual  analysis  repre¬ 
sented  only  50%  or  less  of  the  original  sample.  By  employing  a 
photoelectric  colorimeter  which  measures  the  absorption  of  light 
of  more  dilute  colors  than  the  visual  colorimeter,  the  volumes  of 
blood  were  cut  further.  In  these  methods  the  proportions  of 
reagents  to  blood  were  changed,  so  as  to  produce  a  more  dilute 
solution  which  would  still  give  adequate  color  for  the  final 
measurement.  A  typical  illustration  is  the  estimation  of  in¬ 
organic  phosphorus  by  the  method  of  Fiske  and  Subbarow  (2) . 

ESTIMATION  OF  INORGANIC  PHOSPHORUS 

Original  Method.  To  2.0  ml.  of  serum  add  8.0  ml.  of  10% 
trichloroacetic  acid,  and  filter  through  filter  paper.  To  5.0  ml. 
of  the  filtrate  in  a  10.0-ml.  volumetric  flask  add  1.0  ml.  of  molyb¬ 
date  II  reagent,  mix,  and  add  0.4  ml.  of  reducing  reagent.  Mix 
again  and  make  up  to  mark  with  water.  At  the  end  of  10  min- 
against  standard  in  a  colorimeter.  The  precision  is 
±2%  on  30  to  50  micrograms  of  phosphorus. 

Method  for  Microcolorimeter.  To  0.3  ml.  of  serum  in  a 
small  test  tube  add  1.2  ml.  of  10%  trichloroacetic  acid,  mix  well, 
and  centrifuge.  Pipet  1.0  ml.  of  clear  supernatant  fluid  into  a 
tube  graduated  at  2.0  ml.  Add  0.2  ml.  of  molybdate  II,  mix,  and 
add  0.1  ml.  of  reducing  reagent.  Mix  again  and  dilute  to  mark 
with  water.  At  the  end  of  10  minutes  read  against  standard  in 
microcolorimeter.  The  precision  is  =*=  2%  on  6  to  10  micrograms 
of  phosphorus. 

Method  for  Photoelectric  Colorimeter.  To  0  1  ml  of 
serum  in  a  small  test  tube  add  2.0  ml.  of  10%  trichloroacetic  acid, 
nux  well,  and  centrifuge.  Pipet  1.0  ml.  of  clear  supernatant  fluid 
into  a  tube  graduated  at  2.0  ml.  and  develop  color  as  described 
above.  Read  the  color  in  the  microcups  of  the  Klett-Summerson 
photoelectric  colorimeter,  setting  the  instrument  to  0  with  a  re- 
agent  blank.  Calculate  the  results  from  the  calibration  chart 
Check  the  calibration  chart  by  running  a  standard  through  each 
time  and  reading  with  the  0  set  to  the  reagent  blank  of  the 
phorus  The  precisi0n  is  ±1%  on  3  to  5  micrograms  of  phos- 

In  a  similar  manner  most  of  the  colorimetri*  methods  were 
reduced  to  use  */ J0  to  V20  of  the  original  volumes  employed. 


Figure  2.  Titration  Assembly  for  Ultramicro¬ 
quantities  of  Calcium  with  a  Rehberg  Capillary 
Buret 


In  the  case  of  titrimetric  methods,  by  employing  the  capillary 
buret  instead  of  the  usual  microburet  most  methods  were  reduced 
from  V10  to  V20  of  the  original  amount.  Further  simplification 
was  brought  about  by  converting  the  methods  to  a  direct  acidi- 
metric  titration  procedure. 

The  evolution  of  a  few  ultramicromethods  may  serve  to  illus¬ 
trate  the  process. 

ESTIMATION  OF  CALCIUM  IN  SERUM 

Original  Oxidimetric  Microtitration  Method  (7).  Treat 
2.0  ml.  of  serum  with  ammonium  oxalate  in  a  centrifuge  tube  (A, 
Figure  1),  and  wash  the  calcium  oxalate  precipitate  with  ammo¬ 
nium  hydroxide.  Dissolve  the  precipitate  in  dilute  sulfuric  acid 
and  titrate  while  hot  with  0.01  N  potassium  permanganate  from  a 
microburet.  The  average  error  is  —1.3%  and  the  precision  is 
±1.7%  on  100  to  300  micrograms  of  calcium. 

Acidimetric  Microtitration  Method  (21).  Precipitate  1.0 
ml.  of  serum  as  before,  wash  with  ammonium  oxalate,  and  convert 
to  the  carbonate  by  heating.  Dissolve  the  carbonate  in  an  excess 
of  0.01  N  hydrochloric  acid  and  evaluate  the  excess  by  0.01  N 
sodium  hydroxide.  The  average  error  is  +0.7%  and  the  preci¬ 
sion  is  ±0.1%  on  91  micrograms  of  calcium. 

Direct  Acidimetric  Microtitration  Method  (17,  18). 
Wash  the  precipitate  from  2.0  ml.  of  serum  with  ammonium 
oxalate,  convert  to  the  carbonate  with  heat,  and  dissolve  in  hot 
10%  boric  acid.  Dilute  the  dissolved  calcium  borate  and  titrate 
with  0.01  N  acid  to  the  pH  of  a  pure  boric  acid  solution  of  similar 
strength.  The  average  error  is  —0.3%  and  the  precision  is 
±0.6%  on  200  micrograms  of  calcium. 

Direct  Acidimetric  Ultramicrotitration  Method  (17, 
19).  Precipitate  0.1  ml.  of  serum  in  a  specially  designed  micro¬ 
centrifuge  tube  (B,  Figure  1)  and  convert  to  calcium  carbonate, 
as  described  above,  but  reduce  the  precipitating  reagents  to  V20 
of  original  volume  while  accomplishing  all  other  steps  with  V10 
of  original  volumes.  Titrate  the  dissolved  calcium  borate  with 
0.01  N  acid  from  a  capillary  microburet  to  the  pH  of  a  pure  boric 
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acid  solution  of  similar  strength.  [Figure  2  shows  a  modified 
Rehberg  microburet  (10)  while  Figure  3  shows  a  modified  Rehberg 
microburet  with  a  reservoir  at  top  for  filling  and  air  interface  be¬ 
tween  mercury  column  and  acid  (19).]  The  average  error  is 
—0.2%  and  the  precision  is  =*=1.2%  on  7  to  11  micrograms  of 
calcium. 

CONVERSION  OF  KJELDAHL  AND  UREA  NITROGEN  TO  ULTRAMICRO 

SCALE 

Original  Indirect  Acidimetric  Titration  Method  for 
Urea  Nitrogen  (22).  Use  3  ml.  of  serum.  Convert  urea  by 
urease  to  ammonium  carbonate.  After  treatment  with  alkali, 
aerate  the  ammonia  over  to  the  receiving  tube  containing  an  ex¬ 
cess  of  0.01  N  acid.  Back-titrate  the  excess  acid  with  standard 
base,  using  a  microburet.  The  average  error  is  —0.2%  and  the 
precision  is  ±0.3%  on  2333  to  4650  micrograms  of  urea  nitrogen. 
The  average  error  is  +0.6%  and  the  precision  is  ±0.3  on  233 
to  1 160  micrograms  of  urea  nitrogen. 

Direct  Acidimetric  Microtitration  Method  for  Urea 
and  Kjeldahl  Nitrogen  (20).  Convert  the  urea  of  1  ml.  of 
serum  to  ammonium  carbonate.  After  treatment  with  alkali, 
aerate  the  ammonia  over  to  the  receiving  serum  tube  containing 
an  excess  of  boric  acid.  Titrate  the  dissolved  ammonium  borate 
directly  with  a  0.01  or  0.00714  N  standard  acid.  Kjeldahl  nitro¬ 
gen  can  be  similarly  determined  instead  of  using  the  usual  micro- 
Kjeldahl  method  after  conversion  to  the  ammonium  salts  with 
sulfuric  acid.  The  average  error  is  —0.3%  and  the  precision  is 
±0.3%  on  1000  micrograms  of  urea  nitrogen.  The  average  error 
is  —0.5%  and  the  precision  is  ±0.8%  on  1000  to  2000  micro¬ 
grams  of  Kjeldahl  nitrogen. 

Direct  Acidimetric  Ultramicrotitration  Method  for 
Urea  and  Kjeldahl  Nitrogen  (16).  Convert  the  urea  of  0. 1  ml. 
of  serum  or  the  Kjeldahl  nitrogen  of  0.01  ml.  of  serum  to  the  ammo¬ 
nium  salt  in  a  small  side-arm  test  tube  (Figure  1Z)).  Aerate  the 
ammonia  over,  after  treatment  with  alkali,  to  the  receiving  tube 
which  contains  boric  acid  and  the  indicator  mixture  of  Ma  and 
Zuazaga  (8)  in  slightly  different  proportions.  Titrate  the 
trapped  ammonia  with  standard  acid,  using  a  capillary  micro¬ 
buret  (see  Figure  3).  (The  aeration  setup  is  illustrated  in  Figure 
4.)  The  average  error  is  +0.2%  and  the  precision  is  ±0.6%  for 
10  micrograms  of  urea  nitrogen.  The  average  error  is  ±0.1% 
and  the  precision  is  ±1.3%  for  10  micrograms  of  Kjeldahl  nitro¬ 
gen. 

EXTENSION  OF  DIRECT  TITRATION  METHODS 

The  direct  titration  methods  were  extended  to  the  estimation 
of  total  base  of  blood.  The  total  bases  are  electrodialyzed  ac¬ 
cording  to  Keys  (6)  and  trapped  in  boric  acid  instead  of  excess 
standard  acid  and  then  evaluated  by  a  direct  titration  with  a 
standard  acid  (20). 

Electrodialysis  was  shown  to  be  a  powerful  tool  for  doing  away 
with  ashing  in  the  analysis  of  alkalies  and  alkaline  earths.  Thus, 
the  loss  of  cations  due  to  volatilization  was  avoided  and  interfer¬ 
ing  anions  like  phosphates  were  removed  (11,  14,  17).  An 
electrodialysis  unit  designed  in  the  author’s  laboratory  is  shown 
in  Figure  5. 

For  iodometric  methods  the  capillary  microburet  is  not  always 
necessary  because  of  the  sensitive  end  point  with  0.001  or  even 
0.0005  N  thiosulfate  solution  in  the  presence  of  starch. 

Estimation  of  Calcium  (12).  Isolate  the  calcium  of  0.1  to 
0.2  ml.  of  serum  as  the  carbonates  as  described  above.  Dissolve 
the  calcium  carbonate  in  an  excess  of  0.01  N  hydrochloric  acid, 
and  evaluate  the  excess  iodometrically  by  means  of  the  reaction: 

2H+  +  KI03  (excess)  +  KI  (excess)  — >  I2  +  H20  + . 

starch 

I2  +  2Na2S203  — — ^  Na2S406  +  2NaI 

The  average  error  is  —0.3%  and  the  precision  is  ±0.8%  on  10 
to  40  micrograms  of  calcium. 

Estimation  of  Potassium  (4).  Separate  the  potassium  in  0.1 
to  0.2  ml.  of  serum  by  electro  dialysis  (11)  and  precipitate  as  the 
potassium  cobaltinitrite.  Treat  the  precipitate  with  excess 
ceric  sulfate  and  evaluate  the  excess  iodometrically  by  adding 
potassium  iodide  and  titrating  the  released  iodine  with  0.0007  N 
thiosulfate.  The  average  error  is  —0.3%  and  the  precision  is 
±0.8%  on  35  micrograms  of  potassium  (11). 

In  the  methods  employing  dyes  for  titration  a  sensitive  end 
point  may  be  obtained  with  even  more  dilute  solutions  than  in 


the  case  of  iodometric  methods.  Because  of  this  sensitivity, 
ultramicroquantities  at  trace  concentrations  of  10-5  to  10-7  may 
be  determined  without  the  capillary  microburet.  This  is  espe¬ 
cially  true  for  dithizone  which  is  used  at  dilutions  of  0.00005  .V 
for  the  visual  observation  of  the  end  point. 

The  titrimetric  extraction  method  with  dithizone  (24,  using  an 
ordinary  microburet)  replaced  the  spectroscopic  method  (23)  of 
determining  lead.  The  change  improved  the  reliability  and  the 
precision  of  the  method  and  eliminated  the  need  for  a  skilled 
spectroscopist.  This  change  can  be  better  appreciated  when  it  is 
realized  that  the  normal  concentration  of  blood  lead  is  about 
0.01  to  0.04  mg.  per  100  ml.— that  is,  1  to  4  parts  in  10,000,000 
(25). 

In  the  titrimetric  determination  of  vitamin  C  a  visual  end 
point  is  observed  with  0.0003  N  dichlorophenolindophenol.  At 
this  strength  0.15  to  0.45  ml.  of  the  dye  is  required  in  the  estima¬ 
tion  of  vitamin  C  present  in  1.0  ml.  of  blood  (4  to  12  micrograms 
of  vitamin  C).  For  such  titrations  an  ordinary  1.0-ml.  micro¬ 
buret  can  be  used.  With  a  capillary  microburet  more  concen- 


Fisure  3.  Titration  Assembly  for  Ultra¬ 
microquantities  of  Urea,  Kjeldahl,  or 
Amino  Acid  Nitrosen 

Self-filling  modified  (10)  Rehberg  capillary  buret 
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Figure  4.  Microaeration  Assembly  for  Ultramicroquantities  of 
Urea,  Kjeldahl,  or  Amino  Acid  Nitrogen 


Figure  5.  Electrodialysis  Assembly  for  Total  Base  Estimation 

Or  preliminary  separation  of  sodium,  potassium,  calcium,  and  magnesium  ions  for 
subsequent  analysis 

trated  dichlorophenolindophenol  is  used  unless  still  smaller 
amounts  of  vitamin  C  are  to  be  determined. 

Throughout,  the  initial  goal  of  simplicity  and  speed  was  never 
lost  sight  of.  To  ensure  simplicity  the  number  of  transfers  was 
reduced  by  developing  methods  and  microtubes  such  that  the 
whole  process  could  be  carried  out  in  one  centrifuge  tube.  Figure 
1C,  shows  a  calibrated  microcentrifuge  tube  which  is  con¬ 
structed  on  top  like  a  volumetric  flask.  This  was  designed  for 
colorimetric  determination  of  potassium  (13).  In  this  tube  the 
potassium  cobaltini trite  is  isolated,  ashed,  treated  with  reagents 
that  are  specific  for  cobalt,  and  finally  made  up  to  mark.  It  is 
also  employed  for  estimating  magnesium  colorimetrically  after 
isolation  of  the  magnesium  ammonium  phosphate.  In  general, 
such  tubes  can  be  used  for  methods  in  which  the  isolation  of  a 
precipitate  precedes  a  colorimetric  measurement. 

The  altering  of  a  method  for  simplicity  and  speed  is  illustrated 
by  comparing  the  new  procedure  for  estimating  free  cholesterol 
to  the  earlier  one  used  in  the  author’s  laboratory.  Three  time- 
consuming  and  painstaking  steps  were  eliminated,  thereby  im¬ 
proving  the  reliability  of  the  determination. 

Earlier  Method  for  Free  Cholesterol  (5).  Extract  0.5 
ml.  of  serum  with  25.0  ml.  of  alcohol-ether  mixture,  and  evaporate 
the  extract  to  dryness.  Transfer  the  lipids  in  the  residue  quanti¬ 
tatively  to  a  centrifuge  tube  with  three  2.0-ml.  portions  of  ether, 
and  evaporate  this  extract  to  dryness.  Then  dissolve  the  residue 
in  95%  alcohol  and  treat  with  a  digitonin  solution.  After  12  to  16 
hours  wash  the  precipitated  digitonide  and  determine  colori¬ 
metrically. 

When  200  to  400  micrograms  of  cholesterol  are  added  to  the 
lipid  extract  the  average  error,  under  routine  conditions,  is 
—  1.6%  and  the  precision  is  ±3.8%. 

Improved  Method  for  Free  Cholesterol  (15).  Extract 
0.2  ml.  of  serum  with  3.0  to  4.0  ml.  of  alcohol-acetone  mixture, 
extract  with  digitonin,  and  place  it  in  an  incubator  at  37°. 
After  3  hours  wash  the  precipitated  digitonide  and  determine 


colorimetrically.  When  100  micrograms  of  cholesterol  are 
added  to  the  lipid  extract  the  average  error,  under  routine  condi¬ 
tions,  is  —1.0%  and  the  precision  is  ±1.8%. 

Mass  production  was  developed  by  time-saving  variations  in 
technique — for  example,  the  simultaneous  distillation  of  60  to  80 
urea  nitrogens  or  Kjeldahl  nitrogens;  the  use  of  thermostatically 
controlled  ovens  for  evaporating  solvents  like  alcohol,  ether,  and 
drying  precipitates;  the  use  of  self-filling  and  automatic  burets 
for  measuring  reagents  and  titrations;  the  use  of  syringe  pipets 
for  automatic  delivery  of  constant  volumes;  and  use  of  large 
angular  centrifuge  heads  to  eliminate  balancing  and  permit 
simultaneous  centrifuging  of  64  tubes. 

CONCLUSION 

The  last  chapter  in  this  field  has  by  no  means  been  written. 
By  the  aid  of  new’  and  improved  instruments  and  more  delicate 
methods  simultaneous  analyses  for  several  components  of  one 
small  sample  will  be  possible. 

Further  developments  in  methods  should  see:  (1)  the  routine 
use  of  the  potentiometer  and  conductivity  meter  for  determining 
the  end  point  of  a  titration;  (2)  the  development  of  the  spectro- 
photometrie  colorimeter  for  smaller  amounts  of  liquid;  in  addi¬ 
tion,  infrared,  ultraviolet,  and  Raman  spectroscopy  might  be 
introduced  into  clinical  medicine;  (3)  the  more  successful  use  of 
the  spectroscope  for  the  simultaneous  estimations  of  cations  and 
trace  elements;  (4)  the  use  of  the  polarograph  for  the  simultane¬ 
ous  estimations  of  a  great  number  of  components  on  a  small 
amount  of  material;  (5)  the  employment  of  electrodialysis  for  the 
separation  of  cations,  anions,  and  nonelectrolytes  with  subse¬ 
quent  estimations  of  these  components  by  other  methods;  and 
(6)  the  use  of  the  Tiselius  electrophoresis  apparatus  for  the 
simultaneous  estimation  of  various  protein  fractions  with  the 
subsequent  use  of  the  sample  for  other  analysis. 

W  e  may  confidently  look  forward  to  the  day  wThen  we  will 
reach  the  ultimate  goal  of  determining  all  constituents  of  blood  on 
only  one  drop. 
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A  reliable  semimicro  modified  Kjeldahl  method  for  the  rapid  serial 
routine  determination  of  total  nitrogen,  principally  in  proteins  and 
their  hydrolyzates,  is  described.  A  convenient  distillation  head 
used  in  connection  with  this  method  is  presented.  Reproducible, 
maximum  figures  for  the  total  nitrogen  content  of  certain  amino 
acid,  protein,  and  polypeptide  mixtures  often  require  as  long  as  12 
to  16  hours  of  continuous  digestion  under  the  conditions  of  the 
method.  The  method  gives  satisfactory  figures,  and  is  recommended 
for  the  analysis  of  biological  fluids  which  have  been  submitted  to 
conventional  fractionation  procedures  and  which  may  contain  dis¬ 
turbing  mineral  precipitating  agents  such  as  sodium  tungstate  and 
phosphotungstic  acid. 

THE  determination  of  total  nitrogen  in  proteins  by  the 
Kjeldahl  method  and  its  numerous  modifications  presents 
well-known  difficulties,  mostly  due  to  the  slowness  of  the  sulfuric 
acid  digestion  in  the  absence  of  the  proper  catalyst.  Additional 
difficulties  are  met  in  protein  hydrolyzates,  owing  to  the  very 
unequal  sensibility  of  their  various  components  to  the  digestion 
procedure,  the  ease  with  which  some  polypeptides  form  free 
nitrogen  in  presence  of  certain  oxidation  catalysts,  and  the  fre¬ 
quent  presence  of  inhibiting  mineral  substances  (in  analytical 
precipitation  mixtures,  deproteinated  clinical  blood  and  urine 
specimens,  etc.) .  Many  of  these  difficulties  are  eliminated  in  the 
mieroprocedures  described  in  the  literature,  such  as  that  of  Clark 
{11).  However,  these  procedures  do  not  easily  lend  themselves 
to  routine  analysis  of  a  very  large  number  of  specimens,  as  often 
required  in  industrial  research  and  production  control.  A  timely 
warning  was  recently  sounded  by  Chibnall  et  al.  {9),  who  were 
obliged  to  revise  all  the  Kjeldahl  nitrogen  determinations  of  egg 
albumin  and  other  proteins  made  during  the  previous  ten  years 
in  their  laboratory,  when  it  was  discovered  that  the  technique 
followed  resulted  in  a  probably  incomplete  digestion. 

In  the  course  of  preliminary  work  on  the  production  of  casein 
hydrolyzates  {21),  considerable  discrepancies  were  recorded  be¬ 
tween  duplicate  analyses  in  solutions  which  were  treated  with 
either  sodium  tungstate  or  phosphotungstic  acid  for  fractionation 
purpose.  This  observation  motivated  a  reinvestigation  of  the 
influence  of  the  duration  of  the  digestion  required  for  the  analysis 
of  this  material  in  the  presence  of  various  catalysts  and  precipitat¬ 
ing  agents.  Finally,  additional  sources  of  error  having  been  found 
in  the  ammonia  distillation  procedure  when  a  conventional  trap 
was  used,  this  part  of  the  apparatus  was  redesigned  with  a  view  to 
perfecting  a  reliable  semimicromethod. 

MODIFIED  SEMIMICRO-KJELDAHL  DISTILLATION  HEAD 

Although  steam-distillation  of  ammonia  has  been  adequately 
described  in  connection  with  microanalytical  methods,  the  diffi¬ 
culties  inherent  in  quantitative  distillation  without  steam  entrain¬ 
ment  on  a  semimicro  scale  have  not  yet  been  satisfactorily  solved. 
Various  arrangements  of  distillation  apparatus,  particularly  that 
of  Dewey  and  Witt  {14),  were  tried  with  mixed  success.  Ulti¬ 
mately  it  was  found  that  errors  arose  mainly  from  two  sources: 
(1)  retention  of  a  significant  quantity  of  ammonia  in  the  few 
drops  of  liquid  contained  in  the  conventional  trap,  and  (2)  losses 
encountered  during  the  transfer  of  the  reaction  mixture  from  the 


digestion  flask  to  the  all-glass  distillation  apparatus  when  such  a 
design  was  utilized. 

These  sources  of  error  were  eliminated  by  designing  the  dis¬ 
tillation  head  shown  in  Figure  1  (manufactured  by  Ace  Glas  , 
Inc.,  Vineland,  N.  J.). 

A  pinhole  at  the  lower  level  of  the  bent  tube  in  the  trap  allows 
the  liquid  condensed  therein  to  drain  back  into  the  flask  where  it  is 
stripped  of  its  ammonia  when,  at  the  end  of  the  distillation,  it 
reaches  the  hottest  parts  of  the  apparatus.  The  long  tube  ex¬ 
tending  from  the  alkali-measuring  ampoule  inside  the  trap  was 
found  necessary  to  prevent  mist  entrainment  of  some  adhering 
alkali  solution  with  the  distillate.  No  rinsing  is  necessary  after 
delivering  the  alkali.  The  condenser,  which  is  to  be  attached  to 
the  19/38  standard-taper  joint,  is  rinsed  in  the  usual  way,  at  the 
end  of  a  run,  through  the  lateral  stopcock  connection.  The 
tapered  joint  is  preferably  lubricated  with  molybdenite,  although 
ordinary  stopcock  grease  was  satisfactory  if  applied  with  care. 

Transfer  of  the  digestion  mixture  is  avoided  by  carrying  out 
the  digestion  in  standard  100-ml.  Kjeldahl  flasks  and  then 
directly  attaching  these  flasks  to  the  distillation  apparatus  by 
means  of  frequently  renewed  rubber  stoppers;  this  kind  of  con¬ 
nection  was1  found  satisfactory  by  Redemann  {28).  The  volume 
of  the  trap  is  reduced  to  a  minimum,  as  a  large  volume  of  air 
present  at  the  beginning  of  the  ammonia  distillation  may  result 
in  losses.  With  this  apparatus,  a  delivery  tube  2  mm.  in  diameter, 
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Table  I.  Nitrogen  Determination  on  Various  Compounds 


Test  Substances 

Nitrogen  Found 

Procedure  A  Procedure  C'C 

Ammonium  sulfate 

% 

% 

21.25 

(theoretical,  21.19%)° 

21.19 

Acetanilide 

21.13 

10.32 

(theoretical,  10.37%) 6 

10.39 

Tryptophane' 

(theoretical,  13.70%) 

Lot 

2751 

13.33 

10.36 

10.40 

13.80 

13.95 

3L 

12  !6o 

13.45 

L 

11.85 

12.98 

13!  63 

2025E 

12.90 

12.51 

13.50 

13.02 

Melting 

12.74 

Points  Nitrogen 

13.05 

Nitrogen 
Found  by 

Miscellaneous  Substances 

Reported 

Found  Reported 

Procedure  C' 

°  C. 

°  c.  % 

% 

Sulfanilamide,  U.S.P. 

163-6 

162  16.20 

16.29-16.33 

Hippuric  acid,  c.P. 

187.5-90 

187.5  7.82 

7.76-  7.74 

2,4-Dinitroaniline,  reagent 

176-88 

178.0  22.93 

20.46-20.74 

4-Methyl-2-hydroxyquinoline 

223.7 

219.0  8.80 

8.77-  8.72 

°  A.C.S.  specification  reagent. 

6  Highly  purified  material. 

'  Commercial  specimens  of  various  origin. 

provided  with  a  10-ml.  capacity  safety  bulb,  and  dipping  about 
10  to  15  mm.  into  the  standard  acid  solution,  is  recommended. 

It  is  advisable  to  adjust,  first,  the  rate  of  delivery  of  the 
alkali  solution,  and  then  the  rate  of  heating,  so  that  no  gas  bubble 
will  escape  from  the  acid  solution.  After  the  first  3  minutes  of 
the  distillation,  when  all  air  has  been  purged,  full  heat  can  be 
applied.  With  the  quantities  of  reagents  and  test  solution 
indicated  below,  a  complete  distillation  takes  15  to  20  minutes. 
No  bumping  is  experienced  even  if  gas  heating  is  employed,  if  a 
few  pieces  of  washed  Carborundum  are  put  in  the  flask  before  the 
apparatus  is  connected.  Stainless-steel  gauze  around  the  flask 
was  found  best  to  ensure  safe  uniform  heating,  so  that  the  distilla¬ 
tion  requires  no  attention  until  the  end. 

With  a  battery  of  twelve  apparatus,  a  single  operator  can  run 
36  semimicroanalyses  per  day,  and  still  have  time  for  the  required 
cleaning  and  steaming  out  operations.  Reliable,  reproducible 
results  are  obtained  if  the  apparatus  is  steamed  out  after  every 
three  or  four  runs. 


EXPERIMENTAL  PROCEDURES 

Kjeldahl  Digestion.  The  various  catalysts  and  digestion 
methods  tested  were: 

A.  The  ordinary  Kjeldahl  method,  using  3  ml.  of  concen¬ 
trated  sulfuric  acid,  10  mg.  of  copper  sulfate,  and  500  mg.  of 
potassium  sulfate  for  every  5  mg.  of  nitrogen  to  be  titrated  (or 
1.5  to  3  ml.  of  a  5%  protein  solution  or  hydrolyzate),  and  adding 
100  mg.  of  potassium  persulfate  after  the  first  2  hours  of  digestion. 

The  method  of  Dupray  (17),  using  1  ml.  of  perchloric  acid 
at  the  beginning  of  the  digestion,  for  the  same  proportions  of 
nitrogen,  sulfuric  acid,  and  potassium  sulfate  as  indicated  above 
keeping  the  temperature  at  about  90°  C.,  adding  after  the  first 
hour  of  digestion  50  mg.  of  selenious  oxide  plus  10  mg.  of  copper 
sulfate,  and  continuing  the  digestion  for  5  to  8  hours,  or  longer  if 
necessary. 

The  Hotchkiss-Dubos  method  (20),  in  which  1  ml.  of 
67%  hydnodic  acid  takes  the  place  of  the  perchloric  acid  in  pro¬ 
cedure  B.  The  hydriodic  acid  (“alkoxyl  determination  purity”) 
was  prepared  according  to  Clark  (10) . 

C  .  After  some  preliminary  experiments,  procedure  C  proved 
most  satisfactory,  and  ultimately  was  combined  with  the  simpler 
method  of  Pepkovitz,  Prince,  and  Bear  (25)— 1  ml.  of  a  1.2% 
solution  of  selenious  oxide  in  concentrated  sulfuric  acid  was  added 
alter  the  first  hour  of  digestion  in  procedure  C. 

Heating  was  done  by  means  of  gas  microburners,  adjusted  so 
that  after  decolorization  the  digestion  mixtures  were  barely  boil- 
ing.  Preliminary  experiments  showed  that  the  digestion  was 
usually  finished  in  2  to  5  hours,  but  protein  hydrolyzates  and 
certain  amino  acids  required  a  much  longer  time. 


Distillation.  The  distillations  were  uniformly  carried  out 
in  the  apparatus  described  above,  after  addition  of  20  ml.  of  30% 
sodium  hydroxide  solution.  The  precaution  of  saturating  the 
alkali  solution  with  Seignette  salt  in  order  to  keep  the  copper  oxide 
in  solution  and  prevent  bumping,  as  indicated  by  Cerbelaud  and 
Bayard  (8)  was  found  unnecessary  with  this  procedure. 

Inhibiting  Precipitating  Agents.  The  interfering  depro- 
teinating  agents  studied  in  this  preliminary  work  were  sodium 
tungstate,  according  to  the  technique  of  and  in  the  proportions 
indicated  by  Folin  and  Wu  (18)]  and  12-phosphotungstic  acid, 
according  to  Drechsel  (15)  and  following  the  technique  of  Drum¬ 
mond  (16).  This  reagent  was  purified  according  to  Van  Slyke 
et  al.  (32) . 

Casein  Preparations.  Commercial  casein,  purified  casein, 
and  casein  hydrolyzates  were  analyzed  and  purified  by  the  follow¬ 
ing  procedures: 

Moisture.  By  drying  to  constant  weight  at  110°  C.,  after  it 
was  ascertained  that  the  same  value  was  obtained  by  prolonged 
drying  over  sulfuric  acid  in  vacuum. 

Ash.  By  incineration  at  600°  to  650°  C.,  taking  cognizance  of 
St.  John’s  (29)  and  Wichmann  (36)  observations.  The  value 
thus  determined  includes  both  the  mineral  impurities  and  the 
phosphoric  acid  and  calcium  constituents  of  the  casein  molecule 
minus  perhaps  a  small  fraction  of  the  phosphorus  lost  by  this 
procedure. 

Purification.  Specimen  136-IV  was  repeatedly  precipitated  at 
pH  4.6  from  a  solution  alkalinized  to  pH  8.0  with  ammonia, 
following  exactly  the  operational  details  outlined  by  Cohn  and 
Hendry  (12)  and  Blatt  (4).  Specimen  136-VIII  was  purified  in  a 
similar  way,  but  after  each  precipitation  one  partial  fractionation 
was  effected  at  pH  6.3  to  remove  insoluble  calcium  caseinate, 
according  to  Loeb’s  procedure  (23) .  The  final  removal  of  calcium 
was  by  precipitation  with  oxalic  acid  at  pH  6.0,  by  the  well- 
known  Van  Slyke  and  Bosworth  method. 

Hydrolyzates.  The  hydrolyzates  reported  were  prepared  by 
the  method  of  Dakin  (13),  varying  the  duration  of  the  process  to 
suit  the  purposes. 


RESULTS 

Repeated  analyses  were  performed  over  a  period  of  1.5  years 
on  various  lots  of  ammonium  sulfate,  acetanilide  (dried  to  con¬ 
stant  weight  at  70°,  which  requires  some  15  days),  and  a  number 
of  other  organic  nitrogenous  compounds  (Table  I) .  All  weighings 
were  done  on  an  Austrian-made  Rueprecht  balance,  to  0.05  mg. 
Only  the  analyses  on  the  A.C.S.  specifications  lot  of  ammonium 
sulfate,  and  purified  acetanilide,  were  performed  with  calibrated 
glassware,  with  all  due  corrections;  shelf  reagents  were  analyzed 
in  ordinary  glassware  of  high  commercial  quality,  since  no  attempt 
was  made  to  check  the  figures  obtained  against  theoretical  values. 


Table  II.  Nitrogen  Recovery  in  Presence  and  Absence  of  Sodium 
Tungstate  and  Phosphotungstic  Acid 


Test  Substance 


Ammonium  sulfate0 
(theoretical,  21.19%) 


Acetanilide' 

(theoretical,  10.37%) 


Precipi¬ 

tating 

Nitrogen  Found 

Procedure  Procedure 

Procedure 

Agents 

A 

B 

C 

% 

% 

% 

21.30 

17.80 

21.40 

21.10 

18.20 

21.15 

Na 

21.05 

19.20 

21.306 

21. 25<> 

20.80 

3.67 

21.40 

tungstate 

20.80 

2.42 

21.306 

Phospho- 

21.356 

20.92 

li.36 

20.956 

tungstic 

21.006 

acid 

20.75 

12.07 

21.10 

. . . 

10.25 

7.93 

10.386 

10.356 

9.93 

10.20 

Na 

10.40 

10.22 

7.66 

3.70 

10.14 

tungstate 

8.65 

2.36 

10.256 

Phospho- 

10.286 

9.75 

7.40 

10.10  * 

tungstic 

10.48 

7.51 

10.286 

acid 

.  .  . 

10.226 

?  different  lots  of  commercial  product  of  reagent  purity. 

Duplicate  analyses  made  at  different  dates  on  same  lot  of  reagent. 

Three  lots  of  acetanilide  purified  as  for  experiments  reported  in  Table  I. 
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Table  III.  Nitrogen  Content  of  Casein  Determined  by  Proposed 

Method 


Casein 

Ash,  %  of 

Nitrogen,  %  of  Dry, 

Lot 

Moisture,  % 

Dry  Protein 

Ash-Free  Protein 

136 

9.40 

5.40 

14.80 

9.35 

5.30 

14.90 

9.35 

5.40 

14.84 

136-IV 

7.70 

1.31 

15.20 

7.68 

1.30 

15.20 

1.32 

15.22 

136-VIII 

5.54 

0.12 

15.90 

5.53 

0.20 

15.85 

5.57 

0.11 

15.87 

Table  IV.  Comparative  Nitrogen  Recovery 

tin  protein  (casein)  hydrolysates  in  presence  of  the  precipitating  reagent, 
phosphotungstic  acid] 


Duration  of 

Nitrogen  Content  of 
Original  Solution, 

Nitrogen  Recovered  with 
Phosphotungstic  Acid® 

Hydrolysis 

Procedure  C 

Procedure  A 

Procedure  C' 

Hours 

Mg. /100  ml. 

Mg./ 100  ml. 

Mg./ 100  ml. 

6 

591 

430 

590 

7.15 

525 

442 

522 

7.15 

505 

480 

508 

7.30 

618 

547 

616 

7.45 

583 

588 

17.00 

476 

423 

473 

°  Sum  of  nitrogen  in  precipitate  and  in  supernatant  fluid. 


but  only  to  ascertain  the  reliability  and  reproducibility  inherent 
In  the  method. 

The  recovery  of  nitrogen  from  ammonium  sulfate  and  acet¬ 
anilide  reported  in  Table  I  agrees  satisfactorily  with  the  values 
reported  in  the  literature.  Van  Slyke,  Hiller,  and  Dillon  {32) 
reported  that  all  the  catalysts  recommended  in  the  literature  for 
the  Kjeldahl  procedure  failed  in  their  hands  to  yield  more  than 
■90%  of  the  total  nitrogen  of  tryptophane  and  lysine.  The  results 
shown  in  Table  I,  obtained  by  procedure  C',  are  somewhat  more 
reproducible  and  always  higher  than  those  obtained  by  the  usual 
procedure,  A,  and  seem  close  enough  to  the  expected  values  for 
such  commercial  preparations  of  unknown  purity. 

Of  the  other  few  organic  compounds  (of  unknown  purity) 
tested  to  date,  only  2,4-dinitroaniline  appears  not  analyzable, 
and  this  should  be  expected.  On  the  other  hand,  4-methyl-2- 
hydroxyquinoline  is  now  directly  analyzable  by  the  modified 
Kjeldahl  procedure,  and  the  figures  obtained  on  duplicates  are 
close  enough  to  each  another,  within  the  limits  of  permissible 
error. 

Table  II  contains  the  comparative  results  obtained  with  the 
three  methods  investigated,  in  presence  and  absence  of  the  in¬ 
hibiting  precipitating  agents,  with  several  lots  of  ammonium 
sulfate  and  acetanilide  not  specially  purified.  The  use  of  per¬ 
chloric  acid  results  in  losses  of  nitrogen  even  with  ammonium 
sulfate  (column  3)  as  reported  by  Wicks  and  Firminger  (37), 
and  this  effect  is  increased  in  presence  of  the  precipitating  agents 
mentioned.  These  agents  interfere  much  less  in  the  determination 
by  method  C'.  The  results  obtained  by  the  proposed  procedure 
are  reproducible  and  agree  closely  on  the  same  lot  of  reagent. 

Table  III  contains  the  results  of  repeated  analyses  on  several 
casein  preparations.  Following  Chibnall’s  observation  (.9) ,  it 
was  necessary  to  investigate  first  the  duration  of  digestion  re¬ 
quired  to  obtain  maximum  nitrogen  values;  12  to  16  hours  proved 
necessary.  The  maximum  values  recorded  are  higher  than  those 
reported  by  Block  (5)  who  found  14.7%  in  casein  (uncorrected 
for  moisture  and  ash,  6),  or  by  Ramsdall  and  Whittier  {27)  who 
found  14.6%  in  casein  and  15.5%  after  correction  for  calcium  and 
phosphorus.  They  agree  closely  (for  specimen  136-VIII)  with 
the  value  reported  by  Chibnall  (9),  who  found  15.7%,  also  after 
correction  for  calcium  and  phosphorus. 

The  effect  of  the  interfering  precipitating  agents  is  mostly  felt 
in  the  analysis  of  protein  hydrolyzates  where  they  are  used  for 


fractionation  purposes.  When  these  reagents  are  present  in 
solution  a  specific  precipitate  forms  whose  nitrogen  content  added 
to  the  nitrogen  content  of  the  supernatant  usually  fails  to  add  up 
to  the  nitrogen  content  of  the  original  solution,  when  method  A 
or  B  is  used  for  the  analysis. 

Table  IV  contains  comparative  results  obtained  on  casein 
hydrolyzates,  containing  various  proportions  of  polypeptides,  di- 
ketopiperazines,  and  by-products  of  hydrolysis.  Column  2  shows 
the  nitrogen  content  of  the  original  solutions  determined  by 
method  C'.  Column  3  shows  the  sum  of  the  nitrogen  content  of 
the  precipitates  and  supernatants  (separated  by  centrifugation), 
obtained  in  presence  of  phosphotungstic  acid,  and  determined  by 
method  A,  and  column  4  shows  the  sum  of  the  nitrogen  content 
of  the  same  fractions  determined  by  method  C'.  Nitrogen  re¬ 
covery  by  method  C'  appears  satisfactory. 

% 

DISCUSSION 

The  unsatisfactory  results  obtained  with  perchloric  acid  are  in 
agreement  with  the  more  extensive  results  of  Wicks  and  Firm¬ 
inger  (37).  The  discrepancies  are  attributed  by  Peters  and  Van 
Slyke  {26)  to  the  formation  of  free  nitrogen,  and  to  undecom¬ 
posed  amines  by  Gortner  and  Hoffman  ( 19),  Villiers  and  Moreau- 
Talon  (S3),  and  more  recently  Hears  and  Hussey  {24)- 

The  satisfactory  recovery  reported  by  the  proposed  method 
seems  to  invalidate  the  conclusions  of  Belcher  and  Godbert  (3) 
and  Beet  and  Belcher  (3),  that  the  selenium  catalyst  proposed 
by  Lauro  {22)  “does  not  justify  the  favor  of  so  many  chemists”. 
Their  catalyst  mixture  ( 1  part  of  selenium  for  5  parts  of  mercuric 
sulfate  and  32  parts  of  potassium  sulfate)  is  but  a  modification 
of  Wagner’s  {34)  digestion  mixture  which  was  found  satisfactory 
by  Acree  (1)  and  by  Taylor  and  Smith  {31).  This  catalyst,  how¬ 
ever,  results  in  the  added  complication  that  the  mercury-am¬ 
monium  complexes  must  be  destroyed  before  distillation.  The 
selenium  concentration  in  the  recommended  procedure  outlined 
above  remains  within  the  limits  indicated  by  Bradstreet  (7). 

Hydriodic  acid  was  used  for  the  preliminary  reduction  of  diffi¬ 
cultly  digestible  compounds  in  the  so-called  Friedrich  modifica¬ 
tion  of  the  Kjeldahl  method,  as  described  by  Scarrow  and  Allen 
(SO)  and  by  Clark  {11).  The  original  procedure  involves  a  45- 
minute  digestion  with  57%  hydriodic  acid  (1  ml.  per  10  mg.  of 
test  material,  plus  a  trace  of  red  phosphorus)  in  absence  of  sul¬ 
furic  acid,  followed  by  a  distillation  of  the  iodine  with  dilute  sul¬ 
furic  acid.  The  procedure  was  found  time-consuming  by  Belcher 
et  al.  {2,  3).  The  above  reported  results  indicate  that,  at  least  in 
the  cases  considered,  hydriodic  acid  in  sulfuric  acid  solution  is  a 
sufficiently  strong  reducing  agent  and  acts  long  enough  for  a 
satisfactory  and  reproducible  nitrogen  recovery,  provided  that 
the  subsequent  digestion  period  is  continued  for  a  sufficient  time. 
Clark  {11)  insisted  that  many  compounds,  although  requiring  a 
very  long  digestion  period  (no  figure  given)  will  nevertheless  yield 
their  nitrogen  quantitatively  to  one  or  another  of  the  modified 
Kjeldahl  procedures.  The  author’s  experience  with  casein  and  its 
hydrolyzates  confirms  the  conclusions  of  Chibnall  et  al.  {9)  that 
“the  digestion  time  required  for  complete  nitrogen  recovery  is 
unusually  long  (12  to  16  hours)  with  some  amino  acid  (lysine, 
histidine,  etc.)  and  polypeptide  mixtures,  even  though  the  prepa¬ 
ration  is  rapidly  decolorized  during  the  early  phases  of  the  reac¬ 
tion”.  [Since  completion  of  this  work,  there  appeared  a  publica¬ 
tion  by  Warner  (35),  pointing  to  the  possible  loss  of  some  phos¬ 
phorus  at  600°  C.,  and  a  method  to  prevent  it  was  described. 
Therefore  it  is  possible  that  the  true  nitrogen  content  of  the 
author’s  casein  specimen  is  still  higher  than  reported  here.] 
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Determination  of  Copper  in  Copper  Proteins 

Using  the  Dropping  Mercury  Electrode 

STANLEY  R.  AMES1  and  CHARLES  R.  DAWSON 
Department  of  Chemistry,  Columbia  University,  New  York,  N.  Y. 


A  specific  method  for  the  determination  of  copper  in  copper  proteins 
involves  use  of  the  dropping  mercury  electrode  after  an  acid  extrac¬ 
tion  of  the  copper.  The  base  solution  for  analysis  is  an  acid  sodium 
citrate  buffer  containing  0.005%  fuchsin  as  a  maximum  suppressor. 
The  copper  can  be  quantitatively  extracted  and  the  presence  of  na¬ 
tive  protein  and  protein  breakdown  products  has  been  shown  to  be 
permissible  within  prescribed  limits.  The  method  therefore  elimi¬ 


nates  the  necessity  of  a  tedious  ashing  procedure.  The  half-wave 
potential  at  25.0°  C.  for  cupric  ion  in  the  above  base  solution  is 
—  0.18  volt  vs.  the  saturated  calomel  electrode.  The  diffusion 
coefficient  at  25.0°  C.  of  the  cupric  citrate  complex  in  the  above 
medium  is  equal  to  0.43  X  1 0~*  cm.2  sec.-*.  Practical  limits  of  the 
method  are  from  1  to  75  to  100  micrograms  per  ml.  of  copper  in  the 
base  solution  with  an  average  deviation  of  ±3%. 


DURING  the  past  decade,  interest  in  the  role  of  minute 
amounts  of  copper  in  various  biological  processes  has  been 
revived  as  a  result  of  the  isolation  of  a  number  of  copper  proteins. 
These  conjugated  proteins,  containing,  in  so  far  as  is  known  at 
present,  only  copper  as  the  nonprotein  constituent,  have  been 
solated  from  both  plant  and  animal  sources  ( 3 ,  4,  12,  16,  17,  19 
11,  22,  29).  As  we  gain  knowledge  of  the  importance  of  these 
-opper  proteins  in  plant  and  animal  tissues,  the  need  for  a  specific 
nethod  for  the  rapid  and  precise  microdetermination  of  copper  in 
■opper  protein  solutions  becomes  apparent. 


Several  methods  (2,  6,  23,  34)  are  available  for  the  anaylsis  o 
iopper  in  plant  and  animal  tissue  extracts,  but  most  of  thes< 
nvolve  an  ashing  procedure  which  is  time-consuming  and  pro 
luctive  of  errors  through  contamination.  For  laboratories  hav- 
?£  rekpirometer  equipment  (5),  the  manometric  method  oi 
A  arburg  (33)  as  modified  by  W  arburg  and  Krebs  (34)  has  mel 
nth  approval,  since  it  does  not  involve  a  long  ashing  procedure 
l  his  method  has  the  advantage  of  speed,  and  has  been  extensively 
sed  in  these  laboratories  (3,  4,  16,  17,  21,  22).  This  experience 
las  revealed,  however,  that  the  precision  of  the  method  is  not  aU 

bvf,  derirnd;,  .  To  obtain  reliable  results,  the  operatoi 
oust  be  highly  skilled  in  the  technique.  Even  then  a  series  oi 

‘Present  address,  Department  of  Biochemistry,  University  of  Wisconsin, 
ladison,  t\js. 


determinations  on  the  same  sample  shows  a  mean  deviation  of 
about  =*=10%. 

Recently,  Reed  and  Cummings  (23)  have  reported  that  copper 
m  plant  materials  can  be  satisfactorily  determined  by  use  of  the 
dropping  mercury  electrode.  The  earlier  investigations  of  the 
polarographic  analysis  for  copper  in  the  ash  of  biological  material 
by  Ramegai  (8),  Mandai  (18),  Shoji  (26),  and  Roncato  and 
Hassam  (24)  were  of  a  preliminary  nature.  Thanheiser  and 
Maassen  (32),  Suchy  (31),  and  Stout,  Levy,  and  Williams  (30) 
have  suggested  procedures  for  the  polarographic  analysis  of 
copper  m  steel,  brass,  and  other  nonbiological  materials. 

To  prepare  the  sample  for  analysis  according  to  the  method  of 
Reed  and  Cummings  (23),  the  plant  material  is  subjected  to  a 
rather  long  and  tedious  wet-ashing  procedure,  involving  con- 
centrated  nitric,  sulfuric,  and  perchloric  acids.  Interfering  iron  is 
then  removed  by  precipitation  with  ammonium  hydroxide.  An 
acid  sodium  citrate  buffer,  containing  acid  fuchsin  as  a  maximum 
suppressor,  is  used  as  the  regulating  solution  for  the  polarographic 
analysis.  The  limits  of  the  method,  using  a  1-gram  sample  of 
plant  material,  were  reported  as  from  200  to  0.2  microgram  of 
copper.  The  precision  was  not  estimated  and  the  temperature 
was  not  given. 

It  has  been  well  established  that  copper  proteins  lose  their 
copper  in  acid  solutions — i.e.,  below  a  pH  of  3.0  (3,  4,  7,  12). 
Copper  proteins  contain  copper  in  both  the  cupric  and  cuprous 
form,  but  the  copper  in  solution  after  an  acid  extraction  would 
tend  to  be  in  the  cupric  form,  since  cuprous  copper  is  readily 
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oxidized  in  aqueous  solution  (13).  In  the  interest  of  speeding  up 
the  analysis  and  eliminating  possible  sources  of  contamination,  it 
seemed  of  value,  therefore,  to  investigate  the  possibility  of  sub¬ 
stituting  an  acid  extraction  in  place  of  the  more  tedious  wet- 
ashing  procedure  in  preparing  purified  and  partially  purified 
copper  protein  samples  for  analysis  by  means  of  the  dropping 
mercury  electrode.  It  is  the  purpose  of  this  communication  to 
report  on  an  investigation  of  this  nature.  A  satisfactory,  rapid, 
and  precise  polarographic  method  for  the  microdetermination  of 
copper  in  copper  protein  solutions  using  an  acid  extraction  for  the 
copper  has  been  developed.  Within  certain  limits  of  original 
protein  concentration,  the  influence  of  extracted  protein  and  pro¬ 
tein  breakdown  products  has  been  shown  to  introduce  only  a 
negligible  error  in  the  method. 


EXPERIMENTAL  DETAILS 

An  Electropode,  a  manual  polarograph  produced  by  the  Fisher 
Scientific  Company,  was  used.  The  external  arrangement  of  the 
cell  and  the  electrodes  was  considerably  modified,  as  diagramed 
in  Figure  1.  The  cell  containing  the  solution  to  be  analyzed 
was  a  U-shaped  tube  of  10-mm.  glass  tubing,  constricted  to  1  mm. 
at  the  bend.  It  was  about  6  cm.  in  height  and  contained  a 
working  volume  of  0.5  to  1.0  ml.  when  an  amount  of  mercury  was 
added  to  give  the  maximum  area  of  the  quiet  electrode.  Into 
the  empty  arm  of  the  cell  was  inserted  the  lead  for  the  quiet 
electrode;  and  into  the  other  arm,'  which  contained  the  solution, 
were  placed  the  dropping  mercury  capillary  and  tubes  to  bubble 
wet  nitrogen  through  the  solution. 


Figure  1.  Detail  of  Cell  and  Electrode 
Assembly 

A.  (+)  anode  lead 

B.  (  —  )  anode  lead 

C.  Nitrogen  tubes 
E.  Capillary 

G.  Stopper 

H.  Solution 

L.  Quiet  mercury  electrode 

M.  Constant-temperature  water  bath  at  25.0°  C. 

circulated  with  centrifugal  pump 


The  nitrogen,  used  to  remove  dissolved  oxygen  in  the  solution, 
was  ordinary  commercial  tanked  nitrogen  with  no  attempt  made 
to  purify  it.  Experience  has  shown  that  further  purification  is 
usually  unnecessary  (10),  but  the  nitrogen  was  bubbled  slowly 
through  water  to  saturate  it  with  moisture,  so  prolonged  bubbling 
would  not  change  the  concentration  of  the  sample.  Care  was 
taken  to  bubble  the  nitrogen  slowly,  since  there  was  danger  of 


blowing  some  of  the  sample  partially  out  of  the  cell  and  introduc¬ 
ing  contaminating  copper  as  it  drained  back. 

The  cell  and  its  contents  were  kept  at  25.0°  C.  by  means  of  water 
circulating  from  a  constant-temperature  bath.  By  raising  or 
lowering  the  mercury  reservoir,  the  drop  rate  was  always  ad¬ 
justed  to  3.5  seconds  per  drop  when  no  potential  was  applied. 

The  dropping  electrode  in  all  experiments  was  a  section  of  tube 
drawn  out  to  a  capillary,  whose  internal  diameter  at  the  tip  was 
about  0.03  mm.  The  value  was  obtained  for  each  capil¬ 

lary. 

The  bulbs,  in  which  the  copper  protein  solu¬ 
tions  were  evaporated  to  dryness,  and  in 
'j  t  which  the  residues  were  then  extracted  with 

s*  acid  to  remove  the  copper,  were  made  in  these 

f  \  laboratories  from  10-mm.  Pyrex  tubing  (see 

(  1  Figure  2) .  They  were  of  about  5-ml.  capacity 

\  /  and  weighed  about  1.5  grams.  To  ensure 

"  thorough  stirring  during  the  extraction,  these 

bulbs  were  slowly  rotated  by  inserting  the  neck 
Figure  2  0f  the  bulb  into  a  piece  of  clean  gum  rubber 

tubing  attached  to  a  variable-speed  motor  set 
at  an  angle  of  60°  to  the  horizontal. 

All  volumes,  except  that  of  the  fuchsin  solution,  were  measured 
by  means  of  1-ml.  pipets  graduated  in  hundredths,  with  the  tips 
drawn  out  for  slower  delivery.  The  volume  of  fuchsin  solution 
was  determined  by  means  of  a  0.1-ml.  pipet  also  graduated  in 
hundredths. 

The  effect  of  extraneous  copper  contamination  was  reduced 
to  a  minimum  by  cleaning  all  glassware  in  a  routine  manner. 
After  soaking  in  chromic  acid  cleaning  solution  for  several  hours, 
the  glassware  was  thoroughly  cleaned  by  rinsing  eight  times  in 
distilled  water,  four  times  in  cold  copper-free  water,  and  four 
times  in  hot  copper-free  water.  [Distilled  water  was  redistilled 
through  an  all-Pyrex  apparatus  having  a  45-cm.  (18-inch) 
Vigreux  type  column  that  was  electrically  heated  to  about  140°  C. 
through  a  small  region  near  the  top  of  the  column.  This  “hot 
zone”  in  the  column  prevented  creeping  of  the  condensation  film, 
and  water  thus  redistilled  was  found  to  be  copper-free.]  Each 
piece  was  protected  from  dust  contamination  by  covering  while 
draining  and  drying.  The  cleaning  routine  was  carried  out  very 
carefully,  since  it  was  found  that  a  minute  contamination  of 
cleaning  solution  rendered  the  analysis  of  no  value. 

All  solutions  were  made  up  in  copper-free  water.  Five-tenths 
molar  solutions  of  c.p.  citric  acid  and  c.p.  sodium  hydroxide 
were  prepared  without  recrystallizing  the  solids,  since  any  im¬ 
purities  present  would  be  accounted  for  in  the  amplitude  of  the 
residual  current  correction.  A  0.05%  aqueous  solution  of  fuchsin 
was  prepared  as  a  maximum  suppressor  using  the  c.p.  dye. 
The  heptyl  alcohol,  which  served  as  a  frothing  suppressor,  was 
obtained  from  the  Eastman  Kodak  Company,  and  was  found  to 
be  sufficiently  pure  in  the  amounts  used,  so  that  no  further  puri¬ 
fication  was  necessary. 


ANALYTICAL  PROCEDURE 

The  copper  protein  solution  to  be  analyzed  was  first  thoroughly 
dialyzed  for  from  50  to  100  hours  against  repeated  changes  of 
copper-free  water.  A  sample  of  the  copper  protein  solution 
containing  1  to  100  micrograms  of  copper  was  placed  in  a  small 
tared  bulb  (Figure  2)  and  evaporated  to  constant  weight  in  an 
electric  oven  at  110°  C.  The  bulb  was  again  weighed  and  the 
dry  weight  of  protein  in  the  sample  thus  determined.  (The  so- 
called  dry  weight  of  a  protein  sample  and  the  true  weight  of  pro¬ 
tein  present  may  not  be  the  same.  However,  the  term  “dry 
weight”  is  in  common  usage.)  The  copper  was  extracted  from 
the  dried  copper  protein  by  adding  a  carefully  measured  amount 
(usually  0.50  ml.)  of  0.5  M  citric  acid  to  the  bulb  containing  the 
dried  copper  protein.  The  bulb  was  then  rotated  at  60  to  120 
r.p.m.  as  previously  described  for  about  0.5  hour,  or  longer  if  a 
large  residue  (greater  than  3  mg.)  of  protein  was  present.  Then 
an  equal  volume  of  0.5  M  sodium  hydroxide  was  accurately  meas¬ 
ured  and  added.  The  contents  of  the  bulb  were  then  mixed  by 
rotation  for  10  to  15  minutes,  thus  forming  a  sodium  citrate 
buffer  with  a  pH  of  about  4.0. 

If  a  large  amount  of  precipitate  of  denatured  protein  appeared 
at  this  point,  which  was  frequently  the  case  when  more  than  3 
mg.  of  protein  were  introduced  into  the  bulb,  the  denatured 
protein  was  removed,  since  the  particles  interfered  with  drop 
formation  in  the  subsequent  analysis.  This  was  readily  accom¬ 
plished  by  filtering  an  aliquot  through  a  sintered-glass  funnel, 
exercising  due  precautions  not  to  introduce  copper  by  contamina¬ 
tion.  A  carefully  measured  aliquot  (usually  0.50  ml.)  of  the 
solution  was  removed  and  placed  in  one  arm  of  the  polarographic 
cell.  A  carefully  measured  volume  (usually  0.050  ml.)  ot  a  0.05% 
aqueous  solution  of  fuchsin,  equal  to  approximately  10%  of  the 
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ANALYTICAL  EDITION 


II 

2.55028 

2.54833 

0.00195 


Run  168.  Copper  Protein  Preparation  C211-228F2-Filtered  II 
Dry-Weight  Determination,  1.96-MI.  Sample 

Weight  of  Protein  +  bulb  5  2.55030 

Weight  of  bulb  5  2.54833 

Weight  of  protein  q  00197 

Sample  contains  0.0995-mg.  dry  weight  per  ml. 

0  M  -f  T,^e  sample  was  evaporated  to  dryness, 

0.50  ml.  of  0.5  M  citric  acid  added,  and  the  bulb  rotated  for  35  minutes 

dnued  fore30 Minute;50  a‘o  fn  °"1  ^.8odium  hydroxide,  rotation  was  oon- 
ceU  and  030°5(Tm^  Of  ?hquot  was  removed  and  placed  in  the 

ne:‘;  V0o°  .  ■  fuchsin  was  added,  bringing  the  volume  to 

Approximately  0  01  ml  of  heptyl  alcohol  was  added  and  nitrogen 
bubbled  for  20  minutes.  25.0°  C.  Capillary  10.  Drop  time,  3  5  seconds 
per  drop  with  no  potential  applied.  seconds 

Sensitivity 
Shunt  Ratio 


0-1  volt 
IX 


Analysis 

of  Solution 

Applied 

Residual 

Potential 

Deflection 

Current 

Micro¬ 

Micro¬ 

Volts  vs.  S.C.E. 

amperes 

X  10 * 

amperes 

X  10 2 

+0.13 

-21.3 

+  0.03 

-12.2 

-0.07 

— *  6. 1 

Setting  =  0.0 

—  0. 17 

+  9.3 

-0.22 

22.2 

-0.27 

24.2 

3. 1 

-0.32 

25.5 

4. 1 

-0.37 

26.3 

4.9 

-0.42 

27.2 

5.4 

-0.47 

27.6 

5.9 

Average  amplitude,  0.214  microampere 

1  7  Cu  per  ml.  =  0.0624  microampere  (Table  I) 

Copper  concentration  =  0.214/0.0624  =  3  43  y/ml 

Copper  concentration  in  0.55  ml.  analysis  volume 

Total  copper  in  0.55-ml.  analysis  volume 

Total  copper  in  0.50-ml.  aliquot 

Total  copper  in  1.00-ml.  extraction  volume 

Total  copper  of  original  sample 

Total  dry  weight  of  original  sample 

SSKSxx-- 

Figure  3.  Sample  Data  Sheet 


Amplitude 
Micro¬ 
amperes 
X  10‘ 


21.1 

21.4 

21.4 

21.8 

21.7 


3.43  7  per  ml. 
1.89  7  per  ml. 
1.89  7  per  ml. 
3.78  7  per  ml. 
3.78  7  per  ml. 
1.95  mg. 


volume  of  the  aliquot  was  then  placed  in  the  cell  and  a  very  small 
foaming°f  h®Pty  alcoho1  (about  001  mI-)  added  to  eliminate 

The  cell  was  placed  in  the  constant-temperature  bath  and  the 
bubbler  and  electrodes  were  inserted  as  diagramed  in  Figure  1 
Wet  nitrogen  was  bubbled  through  the  solution  until  a  constant 
galvanometer  deflection  at  an  applied  potential  of  -0.40  volt 
rs.  the  saturated  calomel  electrode  was  secured  when  the  nitrogen 
bubbler  was  removed  and  the  gas  passed  across  the  surface  of  the 
solution.  Voltages  were  set  on  the  instrument,  and  from  the 
8al Ivanometer  readings,  a  c-v  curve  for  the  sample 
"Quid  be  plotted.  A  method  of  determining  the  amplitude  of  the 
>v  curve  was  selected  which  did  not  involve  plotting  the  curve 
,see  sample  data  sheet,  Figure  3).  The  galvanometer  readings 
or  the  limiting  current  were  corrected  for  the  residual  current 
ind  the  average  of  a  series  of  amplitudes  taken  at  0  025- 
mlt  intervals  starting  at  an  applied  potential  of  -0.27  volt  vs  the 
•aturated  calomel  electrode  was  used  as  a  measure  of  the  diffusion 
,  ^en  a™,  average  amplitude  in  microamperes  was 
hvided  by  the  amplitude  per  microgram  of  copper  per  ml.  ob- 
a'n®d,  by  calibration,  the  concentration  of  copper  in  micrograms 
>er  ml.  ot  the  unknown  solution  was  determined.  When  this 
oncentration  was  corrected  for  the  volume  changes  involved  in 
he  analysis  the  copper  concentration  in  the  original  copper 

he^rv  fWaS  ,obtamed- ,  bhvnding  this  concentration  by 

he  dry  weight  of  protein  gave  the  per  cent  of  copper  in  the  dried 
opper  protein. 


ANALYTICAL  DETAILS 

Effect  of  Dialysis  on  Copper  Proteins.  It  has  been  shown 
y  several  investigators  (7,  8,  9)  that  prolonged  dialysis  against 
opper-free  water  completely  removes  uncombined  or  extraneous 
letallic  ions  such  as  those  of  copper  and  iron  from  copper  protein 
ilutions.  In  other  words,  on  dialysis  copper  protein  solutions 
pproach  a  constant  value  of  copper  concentration  per  milligram 
(  dry  weight.  If  copper  ions  are  added  to  the  copper  protein 
reparation  and  the  preparation  is  then  dialyzed,  the  copper  con- 
intration  returns  to  the  original  value  of  the  preparation  (A) 
i  view  of  these  facts,  prolonged  dialysis  against  copper-free  water 
as  used  as  the  means  of  removing  extraneous  or  uncombined 
>pper  from  all  copper  protein  preparations. 

Calibration  of  the  Dropping  Mercury  Electrode  The 
strument  was  calibrated  by  adding  known  amounts  of  standard 


copper  solutions  to  the  dry-weight  bulbs  and,  after  following  the 
analytical  procedures  as  outlined,  determining  the  amplitudes  of 
the  c-v  curves  produced. 


i  ne  slock  standard  copper  solutions  were  made  up  in  two  wavs 
one  from  copper  sulfate  and  the  other  from  electrolytic  copper 

dJ%'UalT  ■10*uaS  USe,d-  -bavinS  a  ™2/3<1/6  constant  of  1.58  as 
determined  in  the  regulating  solution.  The  drop  rate  was  3  5 
seconds  per  drop  as  determined  without  any  potential  being  ap¬ 
plied.  The  temperature  was  25.0°  C.  S  P 


The  two  standards  proved  to  have  identical  concentrations  of 
copper  and  were  used  interchangeably.  The  current  which  flowed 
at  25.0°  C.  in  the  sodium  citrate  base  solution  at  a  pH  of  4.0  was 
0.0624  microampere  per  microgram  of  copper  per  ml.  within 
±0.2%  =  1.58,  see  Table  I). 

Determination  of  Residual  Current.  Several  investiga¬ 
tors,  particularly  Kolthoff  and  Lingane  (9),  have  emphasized  the 
importance  of  correcting  the  amplitude  of  the  c-v  curve  by  that 
of  the  residual  current.  The  diffusion  currents  reported  in  this 
paper  were  all  corrected  by  subtracting  the  average  residual  cur- 
lent  at  the  same  voltage.  Three  experiments,  containing  no 
added  copper,  were  averaged  and  the  average  curve  was  estimated 
to  be  correct  to  within  ±0.002  microampere.  Actual  values  are 
tabulated  in  the  sample  data  sheet  (Figure  3). 

Extraction  of  Copper.  That  copper  can  be  completely  re¬ 
moved  from  copper  proteins  by  dilute  acid  extraction,  and  that 
no  copper  becomes  adsorbed  to  the  residual  protein  on  subse¬ 
quently  raising  the  pH  to  4.0  in  the  analytical  procedure  is  shown 
by  Table  II. 


l  nn  —  c  uy  auuing  a  solution  containing 

1.00  microgram  of  copper  as  the  cupric  salt  to  1.00  ml.  of  a  solu¬ 
tion  oi  a  high  catecholase  tyrosinase  preparation.  Cl 59 A.  The 
copper  concentration  of  this  copper  protein  preparation  had  been 
previously  determined  (see  Table  III)  as  0.079%  copper  dry 
weight  of  1.95  mg.  per  ml.  In  experiments  2  through  7,  mclusiV 

fromPw K  roit  0If  )IaS  a  sampl,e  0j  Purified  ascorbic  acid  oxidase 
™ 3t.of  c°PPel;  had  been  Previously  removed  by 
Jute  acid  dialysis.  The  sample  had  a  dry  weight  of  2.53  mg  per 
™!-annlcfontai:!ed  0.014%  copper.  The  expenments  in  aKes 

sdution  tnrtlfdKbmaddmS  both  c°PPer  standard  and  protein 
,tbe  bulb,  evaporating  to  dryness,  and  analyzing  for 

Itern peratti re,1 25^0* C&  PWCeduTe-  mVap/‘  =  1  -58  “g^sec  - ‘A. 


The  results  given  in  the  next  to  last  column  show  the  satis¬ 
factory  agreement  obtained  between  copper  determined  by 


Table  1. 

Calibration  of  Electropode  for  Microdetermination  of 

Copper 

Average 
Amplitude 
of  id 

Microampere 

Experi¬ 

ment 

Copper 

Added 

per  7  of 
Copper 
per  Ml. 

Deviation  from 
Mean 

y/ml. 

Microamperes 

Microampere 

%  dM 

1 

2 

3 

4 

5 

6 

50.0 

5.0 

8.0 

2.0 

10.0 

1.0 

3.12 

0.313 

0.499 

0.125 

0.622 

0.0624 

0.0624 

0 . 0626 
0.0624 

0 . 0628 
0.0622 
0.0624 

0.0000 
+  0.0002 
0.0000 
+  0.0004 
-0.0002 
0.0000 

0.0 

0.3 

0.0 

0.6 

0.3 

0.0 

-  0.0624  - 

Mean  deviation  = 


±0°2%  microamPere  Per  microgram  of  copper  per  ml. 


Table  II.  Extraction  of  Copper 

Copper 

Added 


_  .  Added 

Experi-  Protein  in 
ment  Added  protein 
Mg. 


1.95 

1.54 

2.53 

0.33 

1.27 

0.17 

0.63 

0.08 

2.53 

0.33 

1.27 

0. 17 

0.63 

0.08 

as 


cupric 

Total 

ion 

added 

Found 

Micrograms - 

1.00 

2.54 

2.58 

5.00 

5.33 

5.26 

5.00 

5. 17 

5.04 

5.00 

5.08 

5.02 

52.6 

52.9 

52.8 

51.5 

51.7 

52.2 

52.1 

52.2 

52.7 

Approxi¬ 

mate 

Deviation 

Copper 

from 

on  Dry- 

Copper 

Added 

Weight 

Basis 

y  Cu 

% 

% 

+  0.04 

1.5 

0.08 

-0.07 

1.4 

0.2 

-0. 13 

2.6 

0.4 

-0.06 

1.2 

0.8 

-0.1 

0.2 

2.0 

+  0.5 

1.0 

4.0 

+0.5 

1.0 

8.0 

l 
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Table  III.  Reproducibility  of  Microdetermination  of  Copper  Using 
the  Dropping  Mercury  Electrode 


Concentration 

of  Copper  Dry  Weight 

Copper 

% 

dM 

Experiment 

Determined 

y/ml. 

of  Protein 
Mg. /ml. 

1 

1.55 

2.03 

0.076 

-0.003 

2 

1.50 

1.93 

0.078 

-0.001 

3 

1.57 

1.98 

0.080 

+  0.001 

4 

1.60 

1.98 

0.081 

+  0.002 

5 

1.60 

1.99 

0.080 

+  0.001 

6 

1.58 

1.95 

0.081 

+  0.002 

Mean  %  copper 
Mean  deviation 

=  0.0793  ± 
=  ±2%. 

0.0016%  copper  on  dry-weight  basis. 

analysis  and  that  added  to  the  system  both  in  the  combined  and 
ionic  form.  They  likewise  show  that  protein  breakdown  products 
that  may  arise  during  the  preparation  of  the  sample  for  analysis 
have  no  significant  effect  on  the  results. 

Limits  of  Method.  The  polarographic  method  of  copper 
assay  as  developed  in  this  study  has  a  wide  range  of  application. 
Synthetic  copper  protein  preparations  have  been  satisfactorily 
analyzed  with  copper  concentrations  from  0.08  to  8.0%  copper 
(see  Table  II).  Samples  of  impure  naturally  occurring  copper 
proteins  have  been  successfully  analyzed  with  as  low  as  0.005% 
copper.  The  actual  range  in  the  solution  that  was  analyzed 
could  run  as  low  as  1  microgram  per  ml.  and  still  achieve  a  mean 
deviation  within  ±3%.  There  was  really  no  upper  limit  since 
the  copper  protein  solution  could  be  diluted,  but  a  practical  limit 
for  the  copper  concentration  in  the  solution  to  be  analyzed  was 
found  to  be  around  75  to  100  micrograms  per  ml. 

Mean  Deviation  of  Method.  A  series  of  analyses  was  made 
on  a  solution  of  a  representative  copper  protein,  tyrosinase,  to 
determine  the  mean  deviation  of  the  method.  In  all  cases,  the 
dry  weight  of  the  copper  protein  sample  was  determined  and  the 
residue  treated  as  outlined  in  the  analytical  procedure.  The 
average  of  six  determinations  gave  a  copper  content  in  the  copper 
protein  of  0.0793  ±  0.0016%  with  a  mean  deviation  of  ±2% 
(see  Table  III).  Comparison  of  this  mean  deviation  with  that 
generally  obtained  using  the  Warburg  method  shows  the  polaro¬ 
graphic  procedure  to  be  much  more  precise. 

These  analyses  were  run  on  a  sample  of  a  high-catecholase 
tvrosinase  preparation,  C159A.  The  copper  concentration  was 
determined  in  all  cases  as  outlined  in  the  procedure.  mVaf'/e  = 
1.58  mg.Vssec.-1/,.  Temperature,  25.0  °C. 

Experiment  6  was  performed  by  adding  a  solution  containing 
1  00  microgram  of  copper  as  the  cupric  salt  to  1.00  ml.  of  the  copper 
protein  in  a  dry-weight  bulb.  The  total  copper  present  was 
determined  as  2.58  micrograms  per  ml.  When  the  copper  added 
as  cupric  salt  was  subtracted,  from  the  total  copper  present,  the 
resulting  value  of  1.58  micrograms  per  ml.  was  the  amount  of 
copper  due  to  the  copper  protein  present. 

Interfering  Ions.  The  analytical  method  under  discussion 
was  developed  primarily  for  purified  copper  proteins,  and  no 
attempt  was  made  to  evaluate  critically  the  influence  of  other 
metal  ions  on  the  c-v  curve  of  copper.  Preliminary  studies,  how¬ 
ever,  indicated  presence  of  ferric  ion  could  not  be  tolerated  since 
the  ferric  c-v  curve  was  superimposed  upon  that  of  copper. 

INFLUENCE  OF  HEPTYL  ALCOHOL  AND  NATIVE  PROTEIN 

A  small  amount  of  pure  heptyl  alcohol  was  always  added  to 
the  cell  just  prior  to  the  polarographic  analysis  in  order  to  elimi¬ 
nate  frothing  during  the  process  of  removing  dissolved  air  from 
the  prepared  sample  by  bubbling  wet  nitrogen  through  the  cell 
contents.  Heptyl  alcohol  has  a  solubility  at  25.0  C.  of  0.181 
gram  per  100  grams  of  saturated  solution  ( 1 )  or  about  0.2%. 
Thus  the  addition  of  0.01  ml.  of  the  alcohol  (about  2%)  to  the 
sample  (volume  0.55  ml.)  was  in  actuality  far  in  excess  of  its 
solubility.  For  this  reason  it  was  not  necessary  to  correct  the 
volume  of  the  solution  for  the  alcohol  added.  The  excellent 


agreement  between  copper  added  and  copper  found  (see  Tables  II 
and  IV)  shows  that  the  heptyl  alcohol  had  no  significant  effect 
on  the  amplitude  of  the  c-v  curve  over  a  considerable  range  of 
copper  concentration. 

In  the  procedure  as  outlined,  the  copper  protein  is  evaporated 
to  dryness  and  then  extracted  with  acid  to  remove  the  copper. 
Although  one  would  expect  the  major  portion  of  the  protein  to  be 
denatured  by  this  treatment,  it  seemed  advisable  to  determine 
what  amount  of  native  protein  could  be  tolerated  in  the  sample 
during  the  polarographic  analysis.  For  this  purpose  a  series  of 
experiments  was  performed  wherein  varying  amounts  of  native 
protein  egg  albumin  and  hemoglobin  were  added  to  sodium 
citrate-fuchsin-copper  solutions  of  known  copper  concentration 
just  prior  to  the  polarographic  analysis — i.e.,  the  samples  were  not 
evaporated  to  dryness  and  extracted  with  acid.  The  results  are 
given  in  Table  IV,  and  some  experimental  details  are  given  below. 

All  experiments  (Table  IV)  were  performed  by  adding  0.005% 
fuchsin  and  2%  n-heptyl  alcohol  to  a  base  solution  of  acid  sodium 
citrate  buffer  and,  after  adding  the  solution  of  native  protein  and 
the  alcohol,  polarographing  manually  as  described  in  the  pro¬ 
cedure.  In  experiments  2,  3,  and  4  a  solution  of  egg  albumin, 
prepared  by  the  method  of  Sorensen  and  Hpyrup  (28) ,  was  used 
as  the  protein.  It  had  been  rendered  copper-free  by  prolonged 
dialysis  against  copper-free  water.  In  experiment  6  a  solution  of 
hemoglobin,  prepared  as  described  by  Schmidt  (25),  was  used, 
which  had  been  likewise  dialyzed  against  copper-free  water. 
The  heptyl  alcohol  was  an  Eastman  Kodak  preparation  and  was 
not  purified  further.  m2/sp/6  =  1.58  mg.2/)sec.-1/2.  Tempera¬ 
ture,  25.0°  C. 


Table  IV.  Influence  of  Native  Protein  on  Copper  Wave  Formed  in 
a  Sodium  Citrate  Base  Solution  with  Added  Fuchsin 

Concentration 


of  Copper 

Deviation  from 

Experiment 

Protein 

Added 

Found 

Copper 

Added 

% 

y/ml. 

y/ml. 

y/ml. 

%  d 

1 

0.00 

25.4 

25.4 

0.0 

0.0 

2 

0.06 

25.2 

25.4 

+  0.2 

0.8 

3 

0.12 

24.9 

24.7 

-0.2 

0.8 

4 

0.24 

24.5 

24.1 

-0.4 

1.6 

5 

0.00 

0.0 

-0.1 

-0.1 

6 

0.08 

0.0 

-0. 1 

-0.1 

The  fact  that  there  was  no  interference  due  to  iron,  in  the  case 
of  the  hemoglobin,  would  indicate  that  no  free  iron  was  liberated 
from  the  heme-protein  at  the  pH  of  the  analytical  solution  (pH 
4.0).  In  a  typical  analysis,  as  shown  in  Figure  3,  about  2  mg.  of 
copper  protein  are  involved.  After  the  extraction,  the  maximum 
possible  protein  concentration  in  the  sample  is  in  the  order  of 
0.3%,  and  as  previously  pointed  out,  this  concentration  would 
not  be  expected  because  of  the  denaturation  occurring  during  the 
preparation  of  the  sample.  For  this  reason  the  amounts  of  na¬ 
tive  protein  used  in  the  experiments  of  Table  IV  were  adequate 
to  test  the  native  protein  tolerance  of  the  c-v  curve.  The  results 
show  that  the  deviation  caused  by  the  addition  of  native  protein 
to  the  extent  of  0.25%  was  less  than  ±2%  and  therefore  fell 
within  the  experimental  error  of  the  method.  There  was  no 
significant  deviation  in  the  residual  current. 

CALCULATION  OF  THE  HALF-WAVE  POTENTIAL 

The  half-wave  potential,  Eui,  of  copper  in  acid  sodium  citrate 
solution  containing  0.005%  fuchsin  has  been  approximated  by 
Reed  and  Cummings  (23)  as  -0.15  volt  vs.  the  saturated  calomel 
electrode.  However,  if  the  origins  in  the  polarograms  given  by 
these  investigators  are  comparable,  as  is  indicated,  inspection 
indicates  Em  values  ranging  from  —0.14  to  —0.23  volt  vs.  the 
saturated  calomel  electrode,  which  can  scarcely  be  accounted  for 
by  the  lack  of  temperature  control.  In  view  of  this  variation, 
the  half-wave  potential  was  redetermined  on  the  basis  of  the  data 
obtained  in  this  investigation.  The  average  E 1/2  vs.  the  anode 
potential  was  determined  within  ±0.01  volt  as  —0.31  volt  lor 
four  c-v  curves  selected  at  random.  The  anode  potential  vs.  the 
saturated  calomel  electrode  was  carefully  determined  within 
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The  curve  was  obtained  by  polaiographic  analysis  of  an  acid  sodium  citrate 
,  *®5  1®'4  ™  in  copper  (6.36  micrograms  of  copper  per  ml.)  and 
0.005%  in  fuchsin.  The  amplitude  of  the  curve  obtained  was  corrected  for 
the  residual  current.  Experimental  details  are  given  in  the  analytical  procedure. 
mVai'/i  -  1,58  mg.1/'  see.-1/*,  Temperature  -  25.0°  C. 


=*=0.001  volt  as  +0.126  volt.  Thus  for  copper  in  the  above  base 
solution,  the  half-wave  potential  was  determined  within  ±0.01 
volt  as  —0.18  volt  vs.  the  saturated  calomel  electrode  (see  Figure 
4).  Since  the  anode  potential  is  constant  for  a  given  base  solu¬ 
tion,  this  measurement  was  omitted  in  routine  analyses. 

THE  ELECTRODE  REACTION 

A  comparison  of  the  amplitude  of  the  copper  c-v  curve  with 
those  of  other  ions,  whose  electrode  reactions  are  known,  indicates 
that  cupric  ion  in  an  acid  sodium  citrate  solution  behaves  like 
such  bivalent  ions  as  cadmium,  zinc,  and  lead.  The  single  wave 
(Figure  4),  obtained  whether  increasing  or  decreasing  the  applied 
potential,  is  the  result  of  a  reversible  two-electron  reduction  of 
the  citrate  cupric  complex  to  metallic  copper  at  the  cathode. 
The  value  of  E3/t  -  EUi  (Figure  4)  is  0.03  volt,  which  is  the  ex¬ 
pected  value  ^  ^  for  a  reversible  two-electron  reaction 

H).  The  reversible  character  of  the  reaction  is  also  verified 
)y  the  fact  that  a  straight  line  is  obtained  by  plotting  log  (i/id  —  i) 
•s.  Ed.e..  In  high  concentrations  of  copper,  the  small  wave  due 
o  fuchsin  at  about  —0.72  volt  vs.  the  saturated  calomel  electrode 
s  barely  discernible,  and  no  further  wave  is  observed  until  around 
-1.7  volts  vs.  the  saturated  calomel  electrode  at  the  decomposi- 
lon  potential  of  sodium  ion  (or  citrate  ion).  These  results  corre- 
pond  with  those  of  Kolthoff  and  Lingane  (11)  who  observed  a 
ingle  wave  for  copper  in  tartrate  medium,  the  height  of  which 
orresponded  to  Cu++  — *■  Cu(Hg). 

Although  information  regarding  the  nature  of  the  citrate  cupric 
omplex  could  have  been  obtained  by  measuring  the  half-wave 
'Otential  as  a  function  of  the  concentration  of  citrate  ion,  no  such 
tudy  was  attempted  in  this  investigation.  From  titration  curves 
mythe  (27)  indicates  that  it  is  a  complex  basic  salt  in  which  the 
ydroxyl  group  enters  into  combination  in  a  manner  similar  to 
*iat  which  he  postulates  for  the  cupric  tartrate  complex.  Murata 
1°)  indicates  several  of  the  different  structural  configurations 
ossible  for  a  complex  compound  of  this  type. 

THE  DIFFUSION  COEFFICIENT 

Lingane  (15)  found  the  diffusion  coefficient,  D,  for  cupric 
*n  in  acid  tartrate  solutions  to  be  0.39  X  10-6  cm.2  sec.-1.  It 


seems  of  interest  therefore  to  compare  this  value  with  that  ob¬ 
tained  in  the  sodium  citrate  buffer  (pH  4)  used  in  this  study. 
From  the  data  in  Table  I  it  can  be  calculated  that  the  diffusion 
current  constant  (15)  =  id/(Cin/3H*)  =  2.51.  Therefore  D  = 
0.43  X  10-6  cm.2  sec.-1. 

APPLICATIONS 

In  the  field  of  copper  proteins,  the  polarographic  method  for  the 
microdetermination  of  copper  has  been  shown  to  be  applicable 
tor  varied  preparations.  Tyrosinase,  ascorbic  acid  oxidase, 
hemocyanin,  and  the  copper  protein  in  the  stroma  of  erythrocytes 
have  been  satisfactorily  analyzed  for  copper  by  the'  dropping 
mercury  electrode.  In  cases  where  simultaneous  determinations 
were  made,  the  results  obtained  by  the  polarographic  procedure 
were  comparable  with  those  obtained  by  other  methods,  both 
manometric  and  colorimetric. 
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A  quantitative  colorimetric  procedure  for  the  determination  of 
from  0.02  to  25  micrograms  of  cobalt  in  plant  or  animal  tissues  is 
described.  The  method  depends  on  the  formation  of  the  colored 
complex  of  cobalt  with  o-nitrosocresol  which  is  extracted  from  the 
aqueous  phase  by  ligroin  and  measured  in  a  photoelectric  colorim¬ 
eter  fitted  with  absorption  cells  10  cm.  in  depth,  requiring  a  volume 
of  1 .8  ml. 

IN  STUDIES  of  the  role  of  cobalt  in  animal  physiology,  it  is 
important  to  be  able  to  determine  small  amounts  of  cobalt 
in  the  tissues.  This  is  particularly  true  when  laboratory  animals 
such  as  the  rabbit  or  guinea  pig  are  used,  since  not  only  is  the 
concentration  of  cobalt  low,  but  the  amount  of  tissue  available 
for  analysis  is  small.  The  method  described  below  was  developed 
to  facilitate  such  studies. 

o-Nitrosophenol  and  some  of  its  metallic  salts  were  prepared 
for  the  first  time  by  Baudisch  and  co-workers  (3,  4).  It  was 
evident  that  this  reagent  held  promise  for  analytical  work,  but  it 
was  not  until  Baudisch’s  recent  discovery  of  convenient  methods 
of  preparation  of  this  and  related  compounds  ( 1 ,  2)  that  ana¬ 
lytical  applications  were  found.  Cronheim  (5)  has  described 
a  method  for  the  determination  of  cobalt,  and  Cronheim  and 
Wink  ( 6 )  one  for  divalent  iron  using  o-nitrosophenol.  This 
reagent  forms  colored  complex  compounds  with  a  number  of 
metallic  ions— Cu11,  Fe11,  Fe111,  Co11,  Zn11,  Hg11,  and  Pd111. 
The  Fe111,  Pd111,  and  Co11  complexes  are  differentiated  from  the 
others  by  their  solubility  in  petroleum  ether.  Being  colored, 
they  lend  themselves  to  colorimetric  analysis.  Since  palladium 
is  not  found  in  most  plant  and  animal  tissues  in  appreciable 
quantities,  it  is  only  necessary  to  eliminate  interference  by  iron 
to  provide  an  analytical  procedure  for  cobalt  using  this  reaction. 
Under  the  conditions  studied,  Cronheim  found  that  by  the  use 
of  a  citrate  buffer  interference  by  iron  could  be  eliminated. 
In  most  plant  and  animal  tissues,  however,  the  amounts  of  co¬ 
balt  present  are  so  small  relative  to  the  amounts  of  iron  that  cit¬ 
rate  does  not  completely  prevent  interference  by  iron.  Iron 
can  be  completely  separated  from  cobalt  by  the  use  of  dithizone 
or  of  sodium  diethyldithiocarbamate,  the  former  reagent  being 
more  generally  applicable.  o-Nitrosocresol  (l-methyl-3-hy- 
droxy-4-nitrosobenzene)  has  been  found  more  satisfactory  than 
o-nitrosophenol,  since  it  is  more  readily  prepared  in  large  quan¬ 
tities  and  produces  a  more  intense  color  with  cobalt.  The 
method  described  is  suitable  for  use  with  1  to  10  grams  of  dry 
animal  or  plant  tissue  containing  from  0.02  to  25  micrograms  of 
cobalt. 


REAGENTS 

1.  Preparation  of  Stock  Cupric  o-Nitrosocresol  Solu¬ 
tion.  This  reagent  is  prepared  using  the  Baudisch  reaction  ( 1 ,  2). 
Dissolve  6  grams  of  hydroxylamine  hydrochloride  and  15  grams 
of  cupric  chloride  in  900  ml.  of  distilled  water  and  add  5  ml.  of  m- 
cresol.  These  proportions  are  important,  since  they  result  in 
the  optimum  pH  for  the  reaction.  Add  15  ml.  of  30%  hydrogen 
peroxide  (Superoxol)  with  stirring.  After  standing  2  hours  at 
room  temperature,  add  25  ml.1  of  concentrated  hydrochloric  acid 
and  shake  with  petroleum  ether  in  a  separatory  funnel.  Repeat 
this  extraction  with  successive  portions  of  petroleum  ether  until 
all  the  reagent  is  extracted.  Wash  the  yellow  petroleum  ether 
solution  of  the  reagent  several  times  with  distilled  water,  after 
which  shake  successive  50-  to  100-ml.  portions  of  1%  aqueous 
cupric  acetate  solution  with  the  petroleum  ether  phase  until  it 
becomes  colorless.  Approximately  400  ml.  of  a  deep  red  colored 


solution  of  the  copper  complex  is  obtained.  After  filtering,  store 
in  the  refrigerator  where  it  remains  stable  for  months.  Portions 
of  this  stock  solution  are  purified  further  before  use. 

2.  Sodium  Borate  Buffer.  Dissolve  20  grams  of  boric  acid 
in  1  liter  of  redistilled  water  and  add  22.8  ml.  of  1.0  N  sodium 
hydroxide  to  bring  the  pH  to  7.7  to  7.8. 

3.  Sodium  Nitrosocresol  Solution.  Add  10  ml.  of  con¬ 
centrated  hydrochloric  acid  to  75  ml.  of  stock  cupric  nitroso¬ 
cresol  solution  in  a  separatory  funnel  and  shake  with  300  to  500 
ml.  of  petroleum  ether.  Remove  the  aqueous  layer  and  shake 
the  petroleum  ether  phase  with  two  successive  100-ml.  portions 
of  0.01  N  hydrochloric  acid  and  then  with  two  100-ml.  portions 
of  redistilled  water.  Add  25-ml.  portions  of  sodium  borate 
buffer  solution  (prepared  by  adding  20  ml.  of  1  A  sodium  hydrox¬ 
ide  to  1  liter  of  the  borate  buffer  described  under  2)  to  the  washed 
petroleum  ether  solution  of  the  reagent  and  shake.  Remove  the 
buffer  solution  and  repeat  until  most  of  the  color  has  left  the  pe¬ 
troleum  ether  layer.  The  aqueous  solution  of  the  reagent  may  be 
kept  about  a  month  with  refrigeration. 

4.  Carbamate  Solution.  Purify  a  0.1%  aqueous  solution 
of  sodium  diethyldithiocarbamate  by  shaking  with  carbon  tetra¬ 
chloride  to  remove  copper  and  cobalt. 

5.  Dithizone  Solution.  Dissolve  0.5  gram  of  dithizone 
in  600  to  700  ml.  of  carbon  tetrachloride,  filter  into  a  separatory 
funnel  containing  2.5  to  3.0  liters  of  0.02  N  ammonium  hydroxide, 
shake  well,  and  discard  the  carbon  tetrachloride  layer.  Shake 
with  50-ml.  portions  of  carbon  tetrachloride  until  the  carbon 
tetrachloride  phase  as  it  separates  has  a  pure  green  color.  Add  1 
liter  of  carbon  tetrachloride  and  acidify  slightly  with  hydrochloric 
acid.  Shake  the  dithizone  into  the  carbon  tetrachloride  and 
separate.  Store  in  a  cool,  dark  place. 

6.  Hydroxylamine-Acetate  Buffer.  Dissolve  10  grains 
of  hydroxylamine  hydrochloride  and  9.5  grams  of  anhydrous 
sodium  acetate  in  500  ml.  of  redistilled  water.  The  pH  should 
be  between  5.0  and  5.2. 

7.  Potassium  Nitrate  Solution.  Purify  a  5%  solution  ol 
potassium  nitrate  by  shaking  several  times  with  0.1%  aqueous 
carbamate  solution  and  carbon  tetrachloride. 

8.  Ammonium  Citrate  Solution,  40%.  Dissolve  800  grams 
of  lead-free  citric  acid  in  600  ml.  of  distilled  water,  then  add 
slowly,  with  stirring,  900  ml.  of  concentrated  ammonium  hy¬ 
droxide.  Adjust  the  pH  to  8.5  if  necessary.  Dilute  to  2  liter; 
and  extract  with  10-ml.  portions  of  dithizone  solution  in  carboi 
tetrachloride  until  the  aqueous  phase  stays  orange  colored 
Then  extract  the  solution  with  carbon  tetrachloride  until  all  th< 
orange  color  is  removed. 


Figure  1 .  Spectral  Transmittance  Curves  for  Metallic  o-Nitrosocreso 
Complexes  and  the  Filter  Combination  Used  in  Determination  o 

Cobalt 


Beckman  spectrophotometer  with  1  -cm.  absorption  cell  used  to  define  curves. 

A.  Light  transmitted  by  combination  of  Coming  standard  thickness  filters.  Nos. 

and  4308.  Curve  not  corrected  for  reflection  losses. 

B.  Cobalt-o-nitrosocresol  complex  in  ligroin,  1  microgram  of  cobalt  per  ml. 

C.  Ferric-o-nitrosocresol  complex  in  ligroin,  1  microgram  of  iron  per  ml. 

D.  Palladous-o-nitrosocresol  complex  in  ligroin,  1  microgram  of  palladium  per  ni 
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9.  Ligroin.  Ligroin  obtained  from  Eastman  Kodak  Com¬ 
pany  (b.p.  70°  to  90°  C.)  was  used.  Distill  over  dilute,  alkaline 
potassium  permanganate,  then  wash  by  shaking  vigorously  three 
times  with  distilled  water  in  a  separatory  funnel. 

10.  Standard  Cobalt  Solution.  Prepare  a  stock  solution 
containing  100  micrograms  per  ml.  of  cobalt  by  heating  5  grams 
of  cobalt  sulfate  heptahydrate  in  an  oven  at  250°  to  300°  C.  to 
constant  weight  (6  to  8  hours  are  sufficient).  Weigh  exactly 
0.263  gram  of  the  cobalt  sulfate  and  dissolve  in  50  ml.  of  redis¬ 
tilled  water  and  1  ml.  of  concentrated  sulfuric  acid.  Make  to  a 
volume  of  1  liter.  Make  suitable  working  standard  solutions 
from  this  by  dilution. 

11.  Ammonium  Hydroxide  Solution.  Distill  concentrated 
ammonium  hydroxide  into  an  equal  volume  of  redistilled  water. 

12.  Phenolphthalein,  1%  solution  in  95%  ethanol. 

13.  Bromothymol  Blue,  0.04%  solution  of  the  sodium  salt 
in  water. 

14.  Perchloric  Acid,  reagent  grade,  60  or  72%. 

15.  Carbon  Tetrachloride.  Distill  over  calcium  oxide 
and  filter  through  acid-washed  filter  paper. 

16.  Hydrochloric  Acid,  1  to  1.  Add  an  equal  volume  of 
water  to  concentrated  hydrochloric  acid  and  distill. 

17.  Nitric  Acid,  1  to  1.  Add  an  equal  volume  of  water  to 
concentrated  nitric  acid  and  distill. 

Make  all  distillations  from  all-Pyrex  stills. 


ANALYTICAL  PROCEDURE 

Preparation  of  Sample.  Plant  and  animal  tissues  can  be 
wet-  or  dry-ashed.  Wet-ashing  can  be  done  by  the  method  of 
Parks  et  al.  (10)  or  by  the  procedure  of  Marston  and  Dewey  ( 9 ), 
but  this  increases  the  possibility  of  contamination  and  is  not  so 
easily  done  as  dry-ashing.  Dry-ash  at  450°  to  650°  C.  in  silica 
dishes  overnight.  With  most  tissues,  especially  animal  tissues, 
ashing  will  not  be  complete  the  first  time.  In  this  event,  add  10 
ml.  of  1  to  1  nitric  acid  and  1  ml.  of  the  purified  potassium  nitrate 
solution,  evaporate  to  dryness,  and  ash  again  at  600°  to  650°  C. 
Repeat  the  nitric  acid  treatment  if  necessary.  Ash  samples  high 
in  silica  in  platinum  dishes,  treat  with  4  ml.  of  hydrofluoric  acid 
(48%)  and  1  ml.  of  perchloric  acid,  and  evaporate  to  dryness. 
Dissolve  the  ash  by  beating  with  1  to  1  hydrochloric  acid.  With 
samples  containing  small  amounts  of  silica,  adsorption  by  silica 
can  be  avoided  by  heating  the  hydrochloric  acid  solution  of  the 
ash  for  several  hours  before  neutralizing. 

Separation  of  Cobalt  from  Iron.  Extraction  with  either 
dithizone  or  with  sodium  diethyldithiocarbamate  may  be  em¬ 
ployed  to  eliminate  iron  interference. 

Dithizone  Extraction.  To  the  solution  of  the  sample  in  a  sepa¬ 
ratory  funnel,  add  1  ml.  of  ammonium  citrate  solution  for  each 
gram  of  dry  tissue.  Adjust  pH  to  8.5  with  ammonium  hydroxide 
using  phenolphthalein  as  an  internal  indicator.  Formation  of 
a  precipitate  may  be  prevented  by  adding  more  ammonium  cit¬ 
rate.  Add  10  ml.  of  dithizone  solution  in  carbon  tetrachloride 
and  shake  vigorously  for  30  seconds.  Draw  off  the  carbon  tetra¬ 
chloride  and  repeat  this  extraction  with  additional  portions  of 
dithizone  solution  if  necessary.  Extraction  is  complete  when  the 
original  green  color  of  the  dithizone  solution  in  carbon  tetrachlo¬ 
ride  remains  unchanged.  If  it  is  necessary  to  make  a  number  of 
extractions,  the  latter  ones  can  be  made  with  carbon  tetrachloride 
alone  so  long  as  the  aqueous  phase  remains  orange.  Evaporate 
the  combined  carbon  tetrachloride  extracts  to  dryness  in  a  beaker. 

Carbamate  Extraction.  Treat  the  sample  as  for  the  dithizone 
extraction,  but  adjust  the  pH  to  6.5  using  bromothymol  blue  as 
the  internal  indicator  after  the  addition  of  the  ammonium  citrate. 
Add  5  ml.  of  0.1%  carbamate  solution  drop  wise,  with  shaking  to 
prevent  local  excesses  of  the  reagent.  Add  10  to  20  ml.  of  carbon 
tetrachloride  and  shake  vigorously  for  10  minutes.  Copper  may 
be  determined  colorimetrically  at  this  point  since  it,  as  well  as 
cobalt,  is  extracted  quantitatively  by  carbamate  under  these  con¬ 
ditions.  Then  evaporate  the  carbon  tetrachloride  to  dryness  in 
a  beaker. 

Determination  of  Cobalt.  Oxidize  the  residue  remaining 
after  evaporating  the  carbon  tetrachloride  of  the  dithizone  or  car¬ 
bamate  extract  by  refluxing  in  the  covered  beaker  with  2  ml.  of 
perchloric  acid  on  a  hot  plate  until  colorless.  Remove  the 
watch  glass  and  evaporate  off  all  perchloric  acid.  Dissolve  the 
residue  in  5  ml.  of  0.01  N  hydrochloric  acid  and  add  5  ml.  of  so¬ 
dium  borate  buffer.  Transfer  the  solution  to  a  60-ml.  separa¬ 
tory  funnel  and  add  sodium  nitrosocresol  solution  drop  by  drop 
until  all  the  copper  present  has  reacted.  This  point  is  judged  by 
the  appearance  of  an  orange  color,  which  is  distinct  from  the  pink 
color  of  the  copper  complex  which  may  be  present.  Add  a  1-ml. 
excess  of  the  reagent.  Add  a  measured  volume  of  ligroin,  gen¬ 
erally  4  or  5  ml.,  the  volume  used  being  dependent  on  the  amount 
of  cobalt  present,  and  shake  for  5  minutes.  Remove  the  aqueous 
phase  and  to  the  ligroin  add  5  ml.  of  1  %  aqueous  cupric  ace- 


Table  I.  Recovery  of  Cobalt  Added  to  Biological  Materials 


Material 

Weight 

of 

Cobalt 

Sample 

Grams 

Content 

y  i 

Corn  grain 
(dry) 

10 

0.031 
0.031 
0.034 
[0.032  av. 

Turnip  leaves 
(dry) 

2 

0.336 
0.334 
0.334 
0.336 
0.335 
0.335 
[0.335  av. 

Milk  (fresh) 

50 

0.032 
0.030 
0.035 
[0.032  av. 

Liver  (dry) 

1 

0.206 
0.200 
0.203 
0.199 
0.206 
0.208 
[0.204  av. 

Cobalt 
Content 
with  Added 

Cobalt 

Recovery 
of  Added 

Cobalt® 

Recovered* 

Cobalt 

7 

7 

% 

0.246 

0.214 

107.0 

0.232 

0.200 

100.0 

0.227 

0.195 

97.5 

0.246 

0.214 

107.0 

0.534 

0.199 

99.5 

0.526 

0.191 

95.5 

0.527 

0.192 

96.0 

0.527 

0.192 

96.0 

0.535 

0.200 

100.0 

0.526 

0.191 

95.5 

0.233 

0.201 

100.5 

0.224 

0.192 

96.0 

0.398 

0.194 

97.0 

0.389 

0.185 

92.5 

0.388 

0.184 

92.0 

0.413 

0.209 

104.5 

0.382 

0.178 

89.0 

0.388 

0.184 

92.0 

0.390 

0. 186 

93.0 

0.400 

0.196 

Av.  97.4 

98.0 

a  In  all  cases  0.200  y  of  cobalt  was  added. 

°  Calculated  by  subtracting  average  cobalt 
value  for  eobalt  content  with  added  cobalt. 


content  of  sample  from  each 


tate  solution.  Shake  1  minute  and  again  remove  the  aqueous 
phase.  Wash  the  ligroin  with  distilled  water  and  finally  witli  5 
ml.  of  hydroxylamine  sodium  acetate  buffer.  After  shaking,  re¬ 
move  the  aqueous  layer  in  each  case.  Unless  large  quantities  of 
cobalt  are  present,  the  ligroin  will  appear  colorless,  since  most  of 
the  light  absorption  by  the  cobalt  o-nitrosocresol  complex  occurs 
in  the  near  ultraviolet. 

Transfer  the  ligroin  solution  of  the  cobalt  complex  to  a  5-  or 
10-cm.  absorption  tube  and  read  in  a  photoelectric  colorimeter 
using  Corning  standard  thickness  filters  5860  and  4308,  or  a 
light  band  as  close  as  possible  to  the  point  of  maximum  absorp¬ 
tion  at  360  mp. 

Blank  determinations  should  be  carried  through  all  the  steps 
taken  with  the  samples.  Since  the  value  of  the  blank  is  relatively 
low,  some  variation  in  the  amounts  of  reagents  needed  by  the 
various  samples  in  a  set  of  determinations  can  be  tolerated  with¬ 
out  appreciable  error.  If,  however,  a  particular  sample  should  re¬ 
quire  an  unusual  amount  of  a  reagent,  as,  for  example,  a  sample 
high  in  copper  which  would  require  considerably  more  of  the  so¬ 
dium  nitrosocresol  solution,  a  separate  blank  determination  for 
this  sample  should  be  made. 

The  absorption  spectrum  of  the  cobalt-o-nitrosocresol  complex 
is  shown  in  Figure  1.  Also  shown  are  the  absorption  spectra  of 
the  Pd11  and  FeIU  complexes  and  a  transmission  curve  for  the 
combination  of  filters  used.  Either  the  blank  or  pure  ligroin  may 
be  used  as  the  reference  liquid.  The  solution  of  the  cobalt  com¬ 
plex  in  ligroin  can  either  be  diluted  or  concentrated  further  by 
evaporation  if  necessary.  Beer’s  law  holds  over  a  wide  range  of 
concentration,  and  the  complex  is  stable  over  a  period  of  days. 
Since  Beer’s  law  holds,  it  is  necessary  to  make  only  a  few  deter¬ 
minations,  using  the  standard  cobalt  solution,  to  establish  the 
calibration  curve.  It  is  advisable  to  determine  a  few  points  on 
the  curve  occasionally  as  a  check  on  the  quality  of  the  reagents. 

In  order  to  work  with  amounts  of  cobalt  in  the  region  of  0.04 
microgram  per  sample,  it  is  necessary  to  use  a  10-cm.  absorption 
tube  requiring  not  more  than  4  ml.  of  solution.  With  a  10-cm. 
tube,  a  solution  containing  0.01  microgram  per  ml.  transmits 
approximately  90%  of  the  incident  light  when  the  recommended 
filters  are  used.  The  photoelectric  colorimeter  used  in  this  work 
was  designed  in  this  laboratory  and  utilizes  a  10-cm.  absorption 
tube  requiring  1.8  ml.  of  solution  (7).  Since  such  an  instrument 
is  not  readily  available,  a  commercially  available  instrument, 
the  Colemen  Model  11  spectrophotometer,  was  tested.  It  was 
found  feasible  to  use  this  instrument  with  an  absorption  tube 
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5  cm.  in  length  and  a  volume  of  2.8  ml.  The  absorption  tubes 
for  this  work  may  be  obtained  from  various  supply  houses  and 
are  in  the  shape  of  a  cylinder  with  plane,  parallel  ends.  A  side 
arm  3  to  4  mm.  in  diameter  located  10  to  15  mm.  from  one  end 
is  used  for  filling  and  emptying  the  tube.  With  this  instrument, 
the  absorption  maximum  for  the  cobalt  complex  in  ligroin  is  at 
345  mju,  and  the  calibration  curve  deviates  slightly  from  linearity, 
probably  because  of  impurity  of  the  light  band. 

RESULTS 

Values  for  the  cobalt  content  of  several  representative  biologi¬ 
cal  materials,  along  with  the  recoveries  of  added  cobalt,  are  pre¬ 
sented  in  Table  I.  With  samples  containing  a  few  hundredths 
of  a  microgram  of  cobalt,  the  deviation  of  the  results  from  the 
mean  may  be  as  high  as  10%  while  the  per  cent  recovery  ranges 
from  96  to  107.  With  samples  containing  a  few  tenths  of  a  mi¬ 
crogram  of  cobalt,  the  results  do  not  deviate  from  the  mean  by 
more  than  3%,  while  the  per  cent  recovery  ranges  from  89  to 
104.5.  The  average  recovery  is  97.4%,  which  may  be  regarded 
as  satisfactory  considering  the  amounts  of  cobalt  being  dealt 
with. 

A  comparison  has  also  been  made  between  results  obtained 
by  the  nitroso-R-salt  method  of  Marston  and  Dewey  (9)  and 
by  the  authors’  method.  The  nitroso-R-salt  method  was 
modified  by  using  a  photoelectric  colorimeter  in  place  of  visual 
comparison  between  standards  and  unknown.  The  results 
presented  in  Table  II  demonstrate  that  these  two  methods  are  in 
substantial  agreement.  The  determinations  were  made  on  ali¬ 
quots  of  the  solution  of  various  plant  ashes.  The  final  volume 
in  the  nitroso-R-salt  procedure  was  8  ml.  which  is  near  the  mini¬ 
mum  obtainable,  and  the  colorimeter  readings  were  made  in  5-cm. 
absorption  tubes,  9  mm.  in  diameter.  Corning  standard  thick¬ 
ness  filters  3389,  5543,  and  4305  with  a  transmission  peak  at 
447  nqi  were  used,  since  the  difference  in  absorption  between  the 
colored  cobalt-nitroso-R-salt  complex  and  the  blank  is  near  the 
maximum  at  this  wave  length.  The  final  volume  in  the  nitroso- 
cresol  method  was  5  ml.  and  the  10-cm.  absorption  tubes  were 
used.  Since  it  was  possible  to  use  the  longer  absorption  tubes  and 
keep  the  final  volume  smaller,  only  one  fifth  as  much  sample  was 
required  in  the  nitrosocresol  method  as  in  the  nitroso-R-salt 
method. 


Table  I!.  Comparison  of  Results  Obtained  for  Cobalt  by  Nitroso- 
R-Salt  and  Nitrosocresol  Methods 

Cobalt  per  5- Ml.  Aliquot  of  Solution 
Nitroso-R-salt  method  Nitrosocresol  method 

Microgram  Microgram 

0.39  0.40 

0.39  0.40 

0.37  0.40 


DISCUSSION 

Although  light  absorption  by  the  cobalt-nitroso-R-salt  and 
cobalt  nitrosocresol  complexes  is  nearly  identical  when  the 
recommended  filter  combinations  are  used,  in  practice  it  is  pos¬ 
sible  to  determine  smaller  amounts  of  cobalt  with  the  nitroso¬ 
cresol  reagent,  because  the  final  volume  can  be  kept  smaller  and 
an  absorption  tube  of  smaller  diameter  can  be  used.  It  is  only 
with  difficulty  that  the  10-cm.  tube,  which  is  5  mm.  in  diameter, 
can  be  filled  and  emptied  using  aqueous  solutions.  Tubes  of 
even  smaller  diameter  can  readily  be  emptied  and  filled  when  a 
liquid  such  as  ligroin  is  used;  10-cm.  absorption  tubes  3  mm.  in 
diameter  have  been  successfully  used. 

In  the  microanalysis  of  copper  and  iron,  difficulty  is  often 
encountered  if  the  sample  is  dry-ashed,  either  due  to  volatiliza¬ 
tion  oi-  to  adsorption  of  these  elements  on  silica  present  either  in 
the  sample  or  on  the  silica  dish  often  used  in  ashing  procedures. 


This  difficulty  has  not  been  encountered  in  the  determination  of 
cobalt  if  the  recommended  ashing  temperature  of  650°  C.  is  not 
exceeded.  The  silica  dishes  used  will  slowly  become  etched  after 
repeated  usage.  With  only  slight  etching,  the  results  for  copper 
are  apt  to  be  low,  but  with  cobalt,  no  trouble  is  encountered  un¬ 
less  the  silica  vessel  is  very  badly  etched. 

It  has  been  found  essential  to  keep  all  vessels  covered  to  pre¬ 
vent  contamination  with  cobalt.  This  is  particularly  true  during 
ashing  in  the  electric  muffle.  Care  must  be  taken  to  keep  all 
glassware  scrupulously  clean.  Pyrex  ware  cleaned  with  hot, 
chromic  sulfuric  acid  cleaning  solution  was  used  throughout. 

A  blank  should  be  run  with  every  set  of  determinations  as  a 
means  of  checking  for  possible  contamination  of  reagents  with 
cobalt  and  also  to  serve  as  a  check  on  the  stability  of  the  o- 
nitrosocresol  reagent. 

The  sodium  o-nitrosocresol  is  stable  for  about  a  month  when 
stored  in  the  refrigerator.  The  stability  is  decreased  at  room  tem¬ 
perature  and  by  light.  It  is  unnecessary  to  take  special  pre¬ 
cautions  to  avoid  decomposition  of  the  reagent  during  use,  al¬ 
though  it  is  advisable  not  to  leave  the  reagent  in  direct  sunlight 
for  any  great  length  of  time.  As  the  reagent  begins  to  decompose, 
high  blank  values  will  be  obtained,  and  at  this  time  a  fresh  solu¬ 
tion  should  be  prepared.  When  the  final  volume  of  the  ligroin 
is  4  ml.  and  a  10-cm.  absorption  tube  is  used,  the  blank  deter¬ 
mination  should  not  read  less  than  95%  transmission  when  com¬ 
pared  with  ligroin  set  at  100. 

In  Cronheim’s  method  (5)  for  the  determination  of  cobalt,  o- 
nitrosophenol  is  added  as  a  petroleum  ether  solution  to  a  buffered 
aqueous  solution  containing  the  cobalt.  This  procedure  is  satis¬ 
factory  with  either  nitrosophenol  or  nitrosocresol.  However, 
addition  of  the  reagent  in  aqueous  solution  is  preferred  since  the 
reaction  is  more  rapid,  and  the  point  at  which  an  excess  of  re¬ 
agent  has  been  added  is  easily  judged,  thus  avoiding  a  large  ex¬ 
cess.  The  values  for  .the  blanks  are  usually  lower  when  the 
aqueous  solution  of  the  reagent  is  used. 

It  is  not  feasible  with  most  biological  materials  to  prevent  inter¬ 
ference  by  iron  with  a  reducing  agent  to  maintain  the  iron  in  a 
divalent  state.  However,  in  the  procedure  given,  the  hydroxyl- 
amine-sodium  acetate  buffer  solution  is  shaken  with  the  ligroin 
solution  of  the  cobalt  complex  to  reduce  any  of  the  ferric  com¬ 
plex  which  might  have  been  formed  from  iron  added  as  a  con¬ 
taminant  of  the  reagents  used  subsequent  to  the  dithizone  sepa¬ 
ration.  The  reduced  iron  complex  is  soluble  in  the  aqueous  phase. 
This  procedure  adequately  removes  traces  of  iron,  but  if  quanti¬ 
ties  of  iron  in  excess  of  tenfold  that  of  the  cobalt  are  present,  the 
results  will  be  high  by  approximately  10%  or  more. 

Separation  of  iron  with  dithizone  is  more  generally  applicable 
than  with  carbamate.  When  dithizone  is  used,  the  quantity  of 
iron  extracted  is  negligible,  since  dithizone  reacts  only  with  fer¬ 
rous  iron.  In  the  carbamate  procedure,  large  amounts  of  iron 
require  excessive  quantities  of  ammonium  citrate  to  prevent  the 
iron  from  reacting  with  the  carbamate,  and  the  extraction  be¬ 
comes  somewhat  unwieldy  because  of  the  large  volumes  of 
liquid  involved.  However,  only  a  single  carbamate  extraction 
need  be  made  and  at  a  lower  pH  than  is  possible  with  dithiazone. 
With  samples  high  in  salts  of  calcium  and  phosphorus,  the  use 
of  a  lower  pH  is  advantageous  since  precipitation  of  salts  is  more 
easily  avoided.  The  carbamate  extraction  has  been  found  the 
more  useful  in  the  analysis  of  milk. 

The  cobalt  method  described  readily  fits  into  a  scheme  for  the 
determination  of  several  elements  on  a  single  sample,  such  as  that 
described  by  Parks  et  al.  (10).  Copper  may  be  determined 
colorimetrically  following  the  carbamate  extraction,  since  copper, 
as  well  as  cobalt,  is  quantitatively  extracted  by  carbamate  under 
the  conditions  specified.  The  amount  of  cobalt,  relative  to  cop¬ 
per,  is  usually  so  small  in  plant  and  animal  tissues  that  the  color 
due  to  the  cobalt  carbamate  complex  can  be  neglected. 

Another  point  in  the  procedure  at  which  copper  may  conven¬ 
iently  be  determined  is  just  following  removal  of  the  aqueous 
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phase  from  the  ligroin  solution  of  the  cobalt-nitrosocresol  com¬ 
plex.  If  large  amounts  of  copper  are  present  the  cupric  nitroso- 
cresol  complex  is  easily  adapted  to  a  quantitative  procedure. 
It  is  usually  desirable,  however,  to  evaporate  the  aqueous  phase 
to  dryness  with  1  ml.  of  perchloric  acid  and  determine  copper 
on  the  residue  by  the  carbamate  or  other  suitable  method. 

The  procedure  described  in  this  paper  has  been  found  satisfac¬ 
tory  for  the  determination  of  cobalt  in  soils  by  R.  S.  Holmes, 
Bureau  of  Plant  Industry,  Soils,  and  Agricultural  Engineering, 
IT.  S.  Department  of  Agriculture,  and  has  been  incorporated  in  an 
analytical  scheme  for  the  determination  of  several  micronutrient 
elements  in  soils  and  soil  solutions  ( 8 ). 
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Colorimetric  Determination  of  Minute  Amounts  of  Nickel 

EMANUEL  PASSAMANECK 

Analytical  and  Control  Laboratory,  Reed  &  Carnrick,  Jersey  City,  N.  J. 


Small  amounts  of  nickel,  especially  in  the  presence  of  great  excess 
of  iron  and  other  common  metals,  may  be  determined  by  precipitat¬ 
ing  the  nickel  dimethylglyoxime  from  an  ammoniacal  citrate  solution 
of  a  small  volume  of  the  prepared  material,  dissolving  the  precipitate 
in  pyridine,  and  comparing  its  color  with  a  known  pyridine  solution 
of  nickel  dimethylglyoxime. 


IN  THE  determination  of  minute  quantities  of  nickel  in  a 
material  containing  relatively  large  amounts  of  other  metals, 
difficulties  encountered  in  using  available  methods  suggested  the 
need  lor  a  simple,  accurate  method  which  would  not  require  pre¬ 
liminary  removal  of  other  metals. 

The  colorimetric  determination  of  nickel  by  dithiooxalate  (4) 
requires  its  previous  separation  from  other  metals.  Since  this 
reagent  gives  a  color  with  cobalt,  this  metal  must  first  be  deter¬ 
mined  and  its  equivalent  amount  added  to  the  standard  to  com¬ 
pensate  for  the  final  cobalt  color.  In  attempting  separation  of 
less  than  0.1  mg.  of  nickel  from  a  large  excess  of  iron  the  author 
has  had  little  success  even  after  three  reprecipitations  by  am¬ 
monia. 

In  the  more  recent  wet-extraction  method  using  a-furyl  di¬ 
oxime  (/)  copper  must  first  be  removed  and  the  amount  of  tar¬ 
taric  acid  added  must  be  carefully  controlled.  Sandell  and  Per- 
lich  (il)  describe  a  method  for  determination  of  nickel  in  silicate 
rocks  in  which  the  nickel  dimethylglyoxime  from  an  ammoniacal 
citrate  solution  of  the  prepared  sample  is  extracted  with  chloro¬ 
form  the  chloroform  solution  treated  with  dilute  acid,  and  the 
nickel  determined  colorimetrically  by  Rollet’s  method  {10). 
I  hey  state  that  the  color  intensity  of  the  nickelic  dimethylgly¬ 
oxime  solution  increases  slowly  on  standing  and  that  the  standard 
and  the  unknown  should  be  treated  with  reagents  at  the  same 
time.  It  would  be  desirable  if  the  maximum  color  developed  in  a 
short  time  and  remained  stable  thereafter.  The  nickel  dimethyl¬ 
glyoxime  in  pyridine  is  stable;  the  standard  concentrated  stock 
solution  shows  no  apparent  change  after  many  months.  Further- 
more,  the  author  did  not  find  the  separations  as  outlined  by  San¬ 
dell  and  Perlich  clear-cut  on  the  solution  he  had  to  use  wherein 
iron  and  several  other  metals  were  present  in  great  excess. 

The  difficulties  involved  in  the  complete  (5)  precipitation  of 
pure  nickel  dimethylglyoxime  on  a  macro  scale  from  a  solution  in 
which  iron,  copper,  and  cobalt  preponderate  (3)  are  not  en¬ 
countered  in  the  proposed  micromethod  wherein  relatively  large 
amounts  of  reagents  are  used.  Since  the  precipitate  from  a  few 
micrograms  of  nickel  is  too  small  to  be  weighed  accurately,  even 
on  a  microbalance,  it  cannot  be  too  certain  that  the  precipitate 
is  not  contaminated  with  iron  and  cobalt.  However,  after  wash¬ 
ing  as  directed  the  precipitate  is  “pure”  red  against  a  white  as¬ 
bestos  background,  and  in  the  final  color  comparison  no  more 


absorption  was  observed  from  a  similar  metal  solution  containing 
iron,  copper,  manganese,  cobalt,  and  zinc  without  the  nickel  than 
from  pure  water  similarly  treated.  When  amounts  of  nickel  were 
added  to  this  metal  solution  satisfactory  recoveries  were  ob¬ 
tained  (Table  II). 

In  amounts  ranging  from  0.12  to  4  mg.  of  nickel,  corresponding 
to  0.6  to  20  mg.  of  nickel  dimethylglyoxime  {2,  6),  respectively, 
Poliak  ( 9 )  has  reported  gravimetric  determinations.  By  keeping 
the  volume  low  and  other  interfering  metals  in  solution,  and  by 
allowing  sufficient  time  for  complete  precipitation  the  author 
can  quantitatively  precipitate  much  smaller  amounts  than  the 
above  with  nickel  dimethylglyoxime.  It  was  found  that  the 
substitution  of  potassium  citrate  for  tartaric  acid  for  preventing 
precipitation  of  other  metals  gave  much  more  consistent  results. 
Nuka  (7)  has  observed  that  the  precipitate  from  small  amounts 
of  nickel  should  stand  at  least  an  hour  before  filtering.  The 
author  finds  that  in  amounts  of  40  micrograms  or  more  good  re¬ 
coveries  may  be  obtained  after  2  hours’  standing,  but  in  much 
smaller  amounts  recoveries  may  be  low  and  uncertain  unless 
more  time  is  allowed  (Table  I).  He  is  able  to  assure  the  precipi¬ 
tation  of  as  low  as  2  micrograms  by  overnight  standing,  probably 
even  less.  The  “nonweighable”  precipitate  may  be  dissolved 
in  a  small  volume  of  an  appropriate  solvent  and  determined 
colorimetrically  in  a  suitable  colorimeter. 

Among  the  organic  solvents  tried,  it  was  found  that  nickel  di¬ 
methylglyoxime  dissolves  readily  in  pyridine,  giving  a  yellow’  to 
orange-red  solution,  depending  upon  its  concentration.  Ostrou- 
mov  (5),  in  precipitating  metals  by  hydrogen  sulfide  in  the  pres¬ 
ence  of  pyridine,  had  found  that  unless  steps  wrere  taken  to  over¬ 
come  this  difficulty,  the  subsequent  determination  of  nickel  as 
the  dimethylglyoxime  was  low,  owing  to  its  solubility  in  pyridine. 


Table  I.  Recovery  of  Nickel 

(Solution  containing  per  10  cc.  16,000  micrograms  of  iron,  1200  microgra 
of  copper,  800  micrograms  of  manganese,  600  micrograms  of  zSc  and 
micrograms  of  cobalt) 


Standing 

Nickel  Added 

Time  of 

Ppt. 

10.38  7 

20.76  7  31. 14  7 

Nickel  Recovered 

41.52 

Hours 

y 

y 

y 

7 

0.5 

1 

2.0 

16.3 

27.5 

39  8 

5.7 

17.6 

27.8 

39  8 

1 . 5 

6.7 

16.5 

24.2 

39  5 

3.7 

14.9 

25.5 

39.4 

3 

6.6 

15.6 

27.8 

4 

7.0 

15.7 

29.4 

39  8 

5 

8.0 

17.8 

29.7 

40.6 

Overnight 

10.5 

20.8 

32.0 

43.9 
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Figure  1.  Filtering  Apparatus  lor  Pyridine 


The  particular  substance  under  examination  was  a  hydrochloric 
acid  solution  of  the  same  concentration  of  metals  as  in  Table  I, 
but  also  containing  30  micrograms  of  nickei  per  5  cc.  The  method 
is  applicable  to  any  solution  of  biological  or  mineral  origin 
wherein  iron  and  many  other  metals  are  present  with  relatively 
very  little  nickel. 

Where  only  a  Duboscq  colorimeter  with  microcups  is  available, 
the  volume  of  pyridine  solution,  about  3  to  5  cc.,  may  be  com¬ 
pared  with  a  standard  stock  solution  suitably  diluted  with  pyri¬ 
dine.  With  a  photoelectric  colorimeter  the  author  has  been  able 
to  determine  a  few  micrograms  of  nickel  even  in  the  presence  of 
the  above  large  quantities  of  other  metals. 

SOLUTIONS  REQUIRED 

Pyridine,  A.R.,  recently  distilled. 

Standard  pyridine  solution  of  nickel  dime thylgly oxime  con¬ 
taining  0.06  mg.  of  nickel  per  cc.  =  0.295  mg.  of  nickel  dimethyl- 
glyoxime  per  cc.  May  be  diluted  with  pyridine  as  necessary. 
Keep  in  glass-stoppered  bottle  in  a  dark  place.  The  nickel  ch- 
methylglyoxime  may  be  made  from  a  pure  nickel  solution,  filtered 
on  a  Buchner  funnel  and  dried  at  100°  C. 

Potassium  citrate,  A.R.,  0.5  gram  per  cc. 

Dimethylglyoxime,  1%  in  alcohol. 

Ammonium  hydroxide,  A.R.,  concentrated. 

PROCEDURE 

As  in  all  minute  metal  assays,  the  water  used  should  be  at  least 
double-distilled,  and  the  final  distillation  should  be  from  an  all- 
Pyrex  apparatus. 

In  a  30-  or  50-cc.  beaker  evaporate  almost  to  dryness,  with  low 
heat  toward  the  end,  an  aliquot  of  the  hydrochloric  acid  solution 
estimated  to  contain  20  to  50  micrograms  if  a  microcup  Duboscq 
colorimeter  is  to  be  used,  or  about  2  to  30  micrograms  if  a  photo¬ 
electric  colorimeter  is  available.  Dissolve  the  residue  in  2  cc. 
of  water.  Add  1  cc.  of  potassium  citrate  solution  and  5  drops  of 
concentrated  ammonia.  Mix  by  rotating  gently.  Add  1.6  cc.  of 
dimethylglyoxime  solution,  mix  as  before,  cover,  and  let  stand 
overnight.  Filter  by  suction  on  an  untared  asbestos  prepared 
No.  2  Gooch  crucible  and  wash  beaker  with  four  2-cc.  portions  of 
hot  water,  pouring  each  through  filter.  The  solubility  of  nickel 
dimethylglyoxime  in  water  is  about  0.08  microgram  of  nickel  per 
cc.  With  so  short  contact  the  amount  lost  in  washing  is  neg¬ 
ligible.  No  difference  was  observed  when  the  precipitate  was 
washed  with  a  saturated  aqueous  solution  of  nickel  dimethyl¬ 
glyoxime. 

Dry  the  crucible  for  1  to  1.5  hours  at  100°  C.  in  the  same  beaker 
in  which  precipitation  took  place.  Long  drying  may  give  low 
results,  probably  due  to  volatilization  of  the  precipitate.  Cool, 
by  means  of  a  small  glass  rod  transfer  the  asbestos  mat  with  the 
red  precipitate  to  the  beaker,  and  wash  the  sides  of  the  crucible 


with  a  few  drops  of  pyridine,  using  the  rod  to  effect  solution  and 
collecting  the  solution  and  washings  in  the  beaker  containing  the 
asbestos. 

Fit  a  small  suction  flask  with  a  tube  containing  a  small  gradu¬ 
ated  tube  protected  by  a  cushion  from  the  bottom  of  the  outer 
tube.  Have  the  tip  of  a  Hirsch  funnel  extend  into  the  graduated 
tube  (Figure  1). 

Transfer  the  asbestos  and  pyridine  to  the  filter,  wash  with 
small  amounts  of  pyridine,  and  press  as  dry  as  possible  with  a 
flattened  glass  rod.  Add  sufficient  pyridine  to  adjust  the  volume 
to  3  to  5  cc.  for  the  Duboscq  colorimeter,  or  10  cc.  for  the  photo¬ 
electric  colorimeter.  Compare  with  standard  nickel  dimethyl¬ 
glyoxime  solution.  Make  correction  for  a  blank  similarly 
treated. 

Using  a  402-EF  Lumetron  colorimeter  with  a  B-l  light  filter 
(peak  transmission  360  millimicrons)  in  combination  with  a 
secondary  light  blue  B-l  filter  (maximum  transmission  400  to  500 
millimicrons)  and  a  neutral  gray  filter  in  the  sample  holder  com¬ 
partment  and  an  absorption  cell  of  10  mm.,  the  author  obtained 
for  concentrations  of  0  to  84  micrograms  of  nickel  per  10  cc.  of 
pyridine  transmissions  of  100  to  25%,  respectively.  A  curve  of 
micrograms  of  nickel  plotted  against  minus  logs  of  transmission 
gave  a  straight  line.  The  absorption  cell  may,  of  course,  be 
varied  with  a  corresponding  calibration  of  the  photometer. 
With  a  1-cc.  cell  of  10-mm.  thickness  one  may  estimate  1  micro¬ 
gram  or  less. 

The  solutions  used  for  the  results  shown  in  Table  II  and  III 
have  the  same  metallic  concentrations  as  in  Table  I. 

The  author  applied  this  method  to  the  estimation  of  nickel  in 
water.  Using  1000-cc.  samples  of  Jersey  City  water  and  100-ce. 
samples  of  water  from  the  Coppercliff  Nickel  Mine  District  in 
Ontario,  he  obtained  results  of  about  9  and  100  parts  per  billion, 
respectively. 


Table  II. 

Determination  of  Nickel 

Nickel  Added 

Nickel  Found 

Micrograms 

Micrograms 

2.08 

1.9 

2.1 

2.1 

4.16 

4.2 

4.2 

3.9 

5.19 

4.9 

5.2 

10.38 

10.5 

9.3 

10.4 

15.57 

14.2 

13.6 

15.3 

20.76 

21.6 

19.6 

19.6 

31.14 

31.7 

28 

28.6 

41.52 

43.1 

41.2 

41.7 

61.90 

53.3 

52.6 

51.3 

Table  III.  Determination  of  Nickel 

(Solution  of  same  metallic  mixture  as  in  Table  I,  containing  29.064  micro- 

Experiment 

grams  of  nickel  per  10  cc.) 

Nickel  Found  Experiment 

Nickel  Found 

Micrograms 

Micrograms 

i 

29.8  4 

28.9 

2 

28  5 

29.2 

3 

28.8  6 

27.6 
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Acrolein  Determination  by  Means  of  Tryptophane 

A  Colorimetric  Micromethod 

SIDNEY  J.  CIRCLE,  LEONARD  STONE,  and  C.  S.  BORUFF,  Hiram  Walker  &  Sons,  Inc.,  Peoria  1,  III. 


A  new  colorimetric  method  of  analysis  for  acrolein  has  the  advan¬ 
tages  over  previous  methods  of  a  spectrally  purer  color  with  a 
maximum  in  the  absorption  curve,  a  colorless  blank,  and  greater 
specificity.  The  method  is  based  on  the  color  produced  by  the 
condensation  of  acrolein  with  tryptophane  induced  by  concen¬ 
trated  hydrochloric  acid,  and  is  capable  of  detecting  quantitatively 
as  little  as  15  micrograms  of  acrolein.  The  method  is  suitable  for 
quantitative  work  only  in  the  absence  of  other  aldehydes,  unless 
their  concentration  is  relatively  much  less  than  that  of  the  acrolein. 

A* CROLEIN,  a  poisonous  lachrymatory  agent  formed  from 
/  \  glycerol  by  dehydration,  is  frequently  found  as  an  atmos¬ 
pheric  contaminant  in  several  industries.  It  has  been  reported  as 
a  product  of  bacterial  fermentation  of  glycerol  (6,  15),  and  as  an 
undesirable  constituent  of  fruit  brandy  {12)  and  wine  {15).  In¬ 
frequently  distillates  from  grain  and  molasses  fermentations  are 
noted  to  be  “peppery”,  owing  to  its  presence. 

Although  precipitation  tests  are  available  for  the  qualitative 
identification  of  acrolein,  they  are  unsuitable  for  quantitative 
purposes.  A  recent  polarographic  method  {9),  although  specific, 
lacks  the  convenience  of  a  colorimetric  procedure. 

Many  color  tests  and  colorimetric  methods  for  acrolein  have 
been  described  in  the  literature.  Among  the  qualitative  reagents 


Extinction  is  determined  through  a  13.06-mm.  path  and  PC-4  Filter  vs 
water. 

Formaldehyde.  0  Crotonaldehyde.  ©  Glyoxal  Acetal- 
OOOse'-H€  |Fur  o'lk  aldLehy‘le-  0.005  millimole;  tryotophane, 
i°„  m5  Tl,mfle,1  95%  ®*^anph  2-0  ml.,  and  12  AT  HCI,  6  3  ml. 
in  10-ml.  Final  volume  Develop  for  50  minutes  at  40  ’  C. 

*^33°  c"'  °‘°035  n,llll'nol*r  no  ethanol.  Develop  for  45  minutes 

•  Acrolein  100  mierograms  (0.001 8  millimole),  95%  ethanol,  2.0 
ml.  Develop  for  50  minutes  at  40°  C. 

For  the  latter  two  curves:  tryptophane,  0.005  millimole;  12  N  HCI, 
o.a  ml.  in  1 0-ml.  final  volume. 


are  resorcinol  in  alkaline  solution  {13);  ferric  chloride  phenyl- 
hydrazine  and  hydrochloric  acid  (8);  phenylhydrazine  and 
strong  acid  {5);  phloroglucinol  in  alkaline  solution  {11);  and 
sodium  mtroprusside  and  piperidine  (4).  The  colorimetric  meth¬ 
ods  include  the  use  of  phloroglucinol,  hydrogen  peroxide,  and 
hydrochloric  acid  {14);  Schiff’s  fuchsin  reagent  {10);  pyrogallol 
and  hydrochloric  acid  or  phenol  and  sulfuric  acid  (!) ;  and  benzi¬ 
dine  and  acetic  acid  (l,  16).  All  these  tests  and  methods  suffer 
from  one  or  more  defects:  nonspecificity,  highly  colored  blanks 
or  no  absorption  maximum  in  the  visible  range  on  the  spectro¬ 
photometer  absorption  curve. 


Figure  2.  Effect  of  Time  and  Temperature  on  Development  of 

Color 

EXw»ter°n  iS  d*,ern,in*d  a*  555  thf0“Sh  a  13.06-mm.  path  and  PC-4  filter  vs. 

A^,olwn6r?°x,nJer0i9'sm.sk  ‘rYP'°P,hanf.  0.005  millimole,  95%  ethanol,  2.2  ml., 
12  N  HCI,  6.3  ml.  in  10-ml.  final  volume. 


ACROLEIN-TRYPTOPHANE  REACTION 

The  color  test  presented  in  this  paper  was  suggested  by  the 
protein-nitrite-hydrochloric  acid  test  of  Voisenet  {15)  for  acro¬ 
lein  and  formaldehyde.  The  Voisenet  reaction  has  been  re¬ 
viewed  by  Block  and  Bolling  {2).  Investigation  of  this  reaction 
showed  that  tryptophane  was  a  much  more  efficient  reagent  than 
the  egg  white  solution  recommended,  and  that  the  trace  of  nitrite 
ion  was  actually  deleterious.  By  avoiding  nitrite,  the  blank, 
which  is  highly  colored  in  its  presence,  became  colorless;  in  ad¬ 
dition,  the  purity  of  color  of  the  tryptophane-acrolein  complex 
was  improved  considerably.  This  adverse  effect  of  nitrites  was 
also  observed  by  Brown  {3)  for  the  tryptophane-glyoxylic  acid 
reaction.  Concentrated  sulfuric  acid  was  found  to  give  the  same 
color  as  concentrated  hydrochloric  acid,  but  the  heat  of  dilution 
is  greater.  Glacial  acetic  acid  gave  no  color. 

EXPERIMENTAL 

Apparatus  and  Materials.  Spectral  extinction  values  were 
determined  on  a  Coleman  Model  1 1  spectrophotometer,  using 
matched-square  cuvettes  with  a  path  of  13.06  mm.,  the  PC-4 
filter,  and  water  as  the  comparison  standard. 
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Figure  3.  Effect  of  Tryptophane  Concentration  on  Extinction 

Extinction  is  determined  at  555  rim  through  a  1  3.06-mm.  path  and  PC-4  filter  cm. 
water. 

©  Acrolein,  0.0035  millimole,-  no  ethanol.  Develop  for  55  minutes  at  32°  C. 

O  Acrolein,  0.00!  millimole;  95%  ethanol,  !.!  ml.  Develop  for  50  minutes 
at  40°  C. 

•  Acrolein,  0.00!  millimole,-  95%  ethanol,  !.!  ml.  Develop  for  80  minutes 
at  30°  C. 

1!  AT  HCI,  6.3  ml.  in  1 0-ml.  final  volume. 

Two  samples  of  acrolein  were  used,  one  supplied  by  Eastman 
Kodak  Co.  and  the  other  by  Shell  Development  Co.,  which  pre¬ 
sumably  contain  hydroquinone  as  polymerization  inhibitor.  Part 
of  the  Eastman  sample  was  redistilled  and  samples  of  distillate 
were  collected  with  and  without  hydroquinone.  Standard  solu¬ 
tions  of  the  two  original  and  two  redistilled  samples  were  pre¬ 
pared  containing  100  micrograms  of  acrolein  per  ml.  of  95% 
ethanol.  No  difference  was  detected  in  standard  curves  made 
up  from  these  four  samples.  The  standard  solution  in  ethanol 
retains  its  strength  for  several  weeks,  but,  if  hydroquinone  is  ab¬ 
sent,  begins  to  lose  its  strength  in  a  week  or  two.  A  similar 
standard  solution  of  acrolein  in  water  was  also  made  up,  but 
found  not  to  keep  so  well  as  the  solution  of  acrolein  in  ethanol. 

The  tryptophane  solution  was  made  up  to  0.01  M  by  dissolving 
the  requisite  quantity  of  crystalline  i(— )-  or  di-tryptophane  in 
0.05  N  hydrochloric  acid.  This  solution  keeps  well  when  pre¬ 
served  with  a  few  drops  of  toluene  in  an  amber  glass-stoppered 
bottle.  The  ethanol  was  essentially  aldehyde-free.  Hydrochloric 
acid  was  c.p.  37%  or  12.0  N.  Solutions  of  the  aldehydes  in  Fig¬ 
ure  1  other  than  acrolein  were  made  up  in  water  approximately 
0.01  M  each. 

Procedure  and  Method  of  Analysis.  Preliminary  investi¬ 
gation  showed  that  in  order  to  obtain  consistent  data,  it  was  nec¬ 
essary  to  pay  meticulous  attention  to  the  variables  involved — 
i.e.,  time  and  temperature  of  development,  and  concentrations  of 
reactants. 

In  studying  the  effect  of  variation  of  a  particular  constituent  on 
the  development  of  maximum  color,  the  concentration  of  every 
other  constituent  must  be  held  constant.  For  example,  in  deter¬ 
mining  one  of  the  standard  curves  in  Figure  6,  a  series  of  samples 
was  made  up  in  10-ml.  volumetric  flasks  by  pipetting  into  each 
0.5  ml.  of  0.01  M  tryptophane,  amounts  of  acrolein  in  95% 
ethanol  (100  micrograms  per  ml.)  varying  from  0  to  2  ml.,  enough 
95%  ethanol  to  make  its  total  quantity  in  each  flask  2  ml.,  and 
1.2  ml.  of  water. 

The  flasks  were  cooled  in  an  ice  bath  and  made  up  to  volume 
with  ice-cold  12.0  N  hydrochloric  acid,  to  avoid  premature  heat¬ 
ing  on  mixing.  If  desired,  the  order  of  addition  of  water  and  hy¬ 
drochloric  acid  may  be  reversed  to  give  the  same  results,  provided 
all  ingredients  are  ice  cold — that  is,  6.3  ml.  of  12  N  hydrochloric 
acid  may  be  added  to  each  flask,  and  the  dilution  to  10  ml.  made 
with  water.  The  color  is  then  developed  in  subdued  light  in  a 
bath  at  40°  C.  for  50  minutes,  and  the  extinction  read  in  the 
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spectrophotometer.  Ordinary  diffuse  daylight  has  little  effect  on 
the  color,  but  bright  light  causes  some  fading. 

In  the  final  method  of  analysis  adopted,  the  procedure  is  iden¬ 
tical  to  that  above,  except  that  in  the  case  of  unknown  acrolein 
samples  the  acrolein  must  either  be  concentrated  by  distillation  or 
other  means,  or  diluted,  as  indicated  by  preliminary  test,  in  order 
for  its  concentration  to  fall  within  the  limits  of  the  standard 
curve.  It  is  possible  to  dispense  with  the  cooling,  if  preferred,  as 
the  temperature  does  not  rise  above  40°  C.  on  adding  the  acid  at 
room  temperature,  but  the  results  are  somewhat  less  consistent. 

Spectral  Absorption  of  Aldehy'de-Tryptophane  Com¬ 
plexes.  In  Figure  1  are  given  absorption  curves  for  the  colors  de¬ 
veloped  by  reaction  of  tryptophane  with  acrolein,  glyoxal,  formal¬ 
dehyde,  acetaldehyde,  crotonaldehyde,  and  furfural.  Under  the 
same  conditions  of  development  acrolein  reacts  faster  and  develops 
a  deeper  and  purer  color  than  any  of  the  other  aldehydes  tested, 
with  maximum  sensitivity  at  555  m^.  If  the  formaldehyde- 
tryptophane-hydrochloric  acid  mixture  is  allowed  to  stand  over¬ 
night,  or  if  a  higher  temperature  for  development  is  used,  a  deep 
blue  color  does  develop  with  maximum  absorption  at  560  m/r, 
in  agreement  with  the  observations  of  Komm  (7).  A  trace  of  ox¬ 
idizing  agent  such  as  nitrite  hastens  the  reaction  with  formalde¬ 
hyde  (7)  and  acetaldehyde,  but  is  not  necessary  for  acrolein. 
Under  the  conditions  of  development  in  Figure  1,  formaldehyde 
develops  a  yellow  color. 

Effect  of  Time  and  Temperature  of  Development.  The 
curves  in  Figure  2  show  that  the  higher  the  temperature  of  the 
developing  bath,  the  greater  the  sensitivity  and  the  shorter  the 
time  required  to  reach  maximum  extinction,  but  the  less  stable  is 
the  color.  However,  it  is  possible  to  stabilize  the  color  at  its 
maximum  development  by  immediate  cooling  in  an  ice  bath.  The 
color  then  remains  fairly  stable  at  the  maximum  extinction  value 
for  several  hours  if  the  sample  is  kept  refrigerated  and  away  from 
light.  The  most  suitable  temperature  from  the  standpoint  of 
both  convenience  and  stability  is  40°  C.,  at  which  the  time  re¬ 
quired  for  maximum  development  is  about  50  minutes. 

Effect  of  Concentration  of  Reactants.  There  is  an  op¬ 
timum  concentration  for  the  tryptophane  and  hydrochloric  acid. 
Figure  3  shows  the  effect  of  tryptophane  concentration  on  maxi¬ 
mum  extinction,  and  Figure  4  the  effect  of  hydrochloric  acid 
concentration.  In  the  case  of  ethanol,  the  maximum  extinction 


Figure  4.  Effect  of  Hydrochloric  Acid  Concentration  on 
Extinction 

Extinction  is  determined  at  555  irm  through  a  1  3.06-mm.  path  and  PC-4 
filter  vs.  water. 

0  Acrolein,  0.0035  millimole;  no  ethanol.  Develop  for  70  minutes 
at  27°  C. 

O  Acrolein,  0.00!  millimole;  95%  ethanol,  2.1  ml.  Develop  for  50 
minutes  at  40°  C. 

•  Acrolein,  0.002  millimole,-  95%  ethanol,  2.2  ml.  Develop  for  80 
minutes  at  30°  C. 

Tryptophane,  0.005  millimole  in  10-ml.  final  concentration. 


April,  1945 


ANALYTICAL  EDITION 


261 


Table  1. 

Effect  of  Acrolein-Tryptophane  Ratio  on 

Extinction 

Acrolein  in 

10-MI.  Final 

Tryptophane 
in  10-MI. 

Extinction 

Volume 

Final  Volume 

at  555 

y 

Millimole 

{approx.) 

Millimole 

146 

0.0026 

0  005 

0.595 

146 

0.0026 

0 . 0038 

0.610 

97 

0.0017 

0.005 

0.410 

97 

0.0017 

0 . 0025 

0.418 

68 

0.0012 

0.005 

0.277 

68 

0.0012 

0.0018 

0.277 

49 

0 . 0009 

0.005 

0.194 

49 

0 . 0009 

0.0013 

0. 194 

27 

0 . 0005 

0.005 

0.061 

27 

0.0005 

0  0005 

0.055 

10 

0 . 0002 

0  005 

0.024 

10 

0 . 0002 

0 . 0003 

0.022 

For  each  sample,  no  ethanol  and  6.3  ml.  of  12  N  HC1  in  10-ml  final 
volume;  developed  at  30°  C.  for  60  minutes. 

Extinction  determined  through  a  13.06-mm.  path  and  PC-4  filter  vs 

water. 


I  12  3 

ML.  95**>  ETHANOL  IN  10  ML.  FINAL  VOLUME 


Figure  5.  Effect  of  Ethanol  Concentration  on 
Extinction 

Extinction  is  determined  at  555  mu  through  a  13.06-mm. 

path  and  PC-4  filter  os.  water. 

Acrolein,  0.002  millimole,-  tryptophane,  0.005  millimole; 
1  i  Af  HCI,  6.3  ml.  in  10-ml.  final  volume.  Develop  for 
50  minutes  at  40  C. 


Tabic  II.  Effect  of  Formaldehyde  and  Acetaldehyde  on  Extinction 
Reached  by  Acrolein-Tryptophane  Complex 


Acrolein  in 
10-MI.  Final 
Volume 
Millimole 

Formaldehyde 
in  10-MI. 

Final  Volume 
Millimole 

Acetaldehyde 
in  10-Mi. 

Final  Volume 

Millimole 

Extinction 
at  555  m;i 

0.002 

0.002 

0.002 

0.770 

0.060 

0.005 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.590 

0.660 

0.550 

0.001 

o.'o'o'i 

0.001 

0.355 

0.038 

0.002 

0.001 

0.001 

0.001 

0.001 

0.001 

o.’o’o’i 

0.001 

0.298 

0.301 

0.298 

0.0005 

0.0005 

0.0005 

0.140 

0.022 

0.001 

0 . 0005 

0 . 0005 

0 . 0005 

0 . 0005 

0.0005 

0.0005 

0 . 0005 

0. 123 

0. 123 
0.123 

0.001“ 

For  each  sample,  2.2  ml.  of  95%  ethanol,  0.005  millimole  of  tryptophane 
and  6.3  ml.  of  12  N  HCI  in  10-ml.  final  volume;  developed  at  40°  C.  for  50 
minutes. 

Extinction  determined  through  a  13.06-mm.  path  and  PC-4  filter  vs 
water. 


value  increases  directly  proportionally  to  the  increase  in  ethanol 
concentration,  as  shown  in  Figure  5.  In  the  absence  of  ethanol 
maximum  development  is  reached  in  40  minutes  at  27°  C.,  but 
the  level  reached  is  lower  for  a  given  concentration  of  acrolein 
(see  Figure  6).  Thus  ethanol  has  an  augmenting  and  stabilizing 
effect  on  the  color  but  slows  up  the  reaction. 

The  most  favorable  ratio  of  tryptophane  to  acrolein  is  roughly 
2  moles  per  mole,  but  this  is  not  critical.  For  the  concentration 
of  tryptophane  adopted  in  the  method  of  analysis  (0.005  milli¬ 
mole  in  10  ml.  of  final  volume),  practically  no  error  is  introduced 
by  the  excess  of  tryptophane  in  the  lower  range  of  the  standard 
curve,  where  the  ratio  may  be  as  high  as  25  moles  per  mole,  as 


shown  in  Table  I. 

Effect  of  Other  Aldehydes  on  De¬ 
velopment  of  Color.  In  Table  II  the 
presence  of  formaldehyde  or  acetalde¬ 
hyde  in  concentration  equal  to  acrolein 
during  the  development  of  the  trypto¬ 
phane-acrolein  reaction  is  seen  to  depress 
the  maximum  extinction  value  reached, 
even  though  in  the  absence  of  acrolein 
the  other  aldehydes  produce  little  color 
with  the  tryptophane  for  the  time  and 
temperature  of  development  chosen. 
Since  this  antagonistic  effect  of  other  al¬ 
dehydes  applies  even  at  an  acrolein  con¬ 
centration  of  28  micrograms  (0.0005 
millimole),  this  precludes  the  possibility 
of  determining  acrolein  in  the  presence 
of  other  aldehydes  by  the  present  method, 
unless  their  concentration  is  relatively 
much  less  than  that  of  the  acrolein. 

Conformity  of  Calibration  Curves 
to  Beer’s  Law.  Calibration  curves  for 
the  tryptophane-acrolein  reaction  are 
given  in  Figure  6,  one  without  ethanol 


Figure  6.  Relation  of  Acrolein  Concentration  to  Extinction 

Extinction  is  determined  at  555  mu  through  a  1 3.06-mm.  path  and  PC-4  Alter  os.  water. 

-v  No  ethanol.  Develop  (or  40  minutes  at  27°  C. 
o  95%  ethanol  2.0  ml.  Develop  for  50  minutes  at  40°  C. 

•  .  «th«noljS.0  ml.  Develop  cither  (or  80  minutes  at  30°  C.  or  (or  1 50  minutes  at  25c 
Tryptophane,  0.005  millimole,-  12  M  HCI,  6.3  ml.  in  10-ml.  Anal  volume. 


and  two  with  ethanol  under  two  different 
development  conditions.  It  is  evident 
that  in  the  range  15  to  150  micrograms 
Beer’s  law  is  obeyed.  These  curves  are 
readily  duplicated  and  hence  need  be 
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determined  but  once  for  a  given  set  of  conditions.  However,  it 
is  a  simple  operation  to  redetermine  one  or  two  points  on  the 
curve  each  time  a  determination  on  an  unknown  sample  is  made. 
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Microscopical  Identification  of  Ultramarine  Blue  in  Complex 

Pigment  Mixtures 

I.  M.  BERNSTEIN,  H.  D.  Roosen  Company,  Brooklyn,  N.  Y. 


A  microscopical  method  at  1940  magnification  has  been  developed 
by  which  ultramarine  blue  in  low  concentrations  can  be  positively 
and  quickly  identified.  The  ashing  of  a  thin  Rim  of  printing  ink  or 
paint  in  situ  on  a  microscope  slide  for  direct  examination  avoids 
obscuring  the  tinctorially  weak  ultramarine  blue  when  opaque  whites 
or  colored  ash  pigment  components  are  present.  The  presence  or 
absence  of  the  cobalt  blues  or  violets  must  be  determined,  since 
these  pigments,  being  also  heat-resistant,  interfere  with  the  ultra- 
marine  blue  identiRcation.  A  microscopical  procedure  based  on 
the  differential  resistance  of  the  cobalt  blues  to  cold  dilute  mineral 
acid  has  been  developed.  Because  of  the  greater  analytical  dif¬ 
ficulty  of  identifying  ultramarine  blue  in  the  presence  of  the  cobalt 
blues  and  violets  three  micromethods  have  been  devised:  a  method 
for  identifying  small  amounts  of  hydrogen  sulfide  using  as  reagent 
an  acidified  gel,  a  differential  method  for  destruction  of  ultramarine 
blue,  and  a  method  for  identifying  ultramarine  blue  by  microscopic 
identification  of  cubic  sodium  chloride  crystals. 

IT  IS  often  of  analytical  interest  to  identify  ultramarine  blue  in 
pigment  mixtures,  which  may  be  in  the  form  of  wet  printing 
ink  or  paint,  dry  color,  or  even  printed  matter  or  dried  coating. 
The  identification  of  this  pigment  by  heretofore  used  methods 
may  be  simple  or  of  considerable  difficulty,  depending  on  the 
composition  of  the  pigment  mixture  as  well  as  on  the  percentage 
of  ultramarine  blue  contained  therein.  What  little  there  is  in  the 
literature  (/,  6,  7,  8,  10)  deals  with  simple  cases,  and  is  there¬ 
fore  of  minor  analytical  value.  Refractive  index  measurements 
(5)  can  be  used,  but  the  procedure  is  questionable  when  dealing 
with  small  percentages  of  ultramarine  blue  in  complex  pigment 
mixtures. 

Since  it  is  formed  as  a  result  of  calcination,  ultramarine  blue  is 
heat-resistant.  Therefore  when  present  by  itself  or  in  substantial 
proportions  in  admixture  with  opaque  whites,  transparent  ex¬ 
tenders,  or  organic  colors,  a  simple  ashing  in  a  crucible  with  re¬ 
sulting  blue  coloration  may  be  regarded  as  a  presumptive  test 
for  ultramarine  blue.  The  cobalt  blues  and  violets,  however, 
are  also  heat-resistant,  and  the  appearance  of  a  blue  ash  cannot 
be  taken  as  proof  of  ultramarine  blue  unless  it  can  be  shown 
that  the  cobalt  pigments  are  absent.  The  cobalt  blues  consist 
of  Thenard’s  blue  (cobaltous  aluminate),  Coeruleum  blue  (co- 
baltous  stannate),  and  smalt  (potassium  cobaltous  silicate); 
and  the  cobalt  violets,  of  cobaltous  arsenate  and  phosphate. 
Other  heat-resistant  blue  pigments  are  oil  blue  (cupric  sulfide), 
Colour  Index  No.  1289,  and  Egyptian  blue  (calcium  copper 
silicate),  Colour  Index  No.  1284,  but  these  latter  are  not  com¬ 
mercially  used  and  are  not  considered  in  this  paper. 


From  the  analytical  viewpoint  the  identification  of  the  cobalt 
blues  in  the  presence  of  ultramarine  blue  can,  in  certain  cases,  be 
established  on  the  basis  of  their  high  cobalt  content  (18  to  30%), 
but  more  generally  the  identification  rests  on  the  differential 
resistance  of  the  cobalt  blues  to  cold,  dilute  mineral  acids  (5). 
The  identification  of  ultramarine  blue  in  the  presence  of  cobalt 
blues  is,  however,  a  more  difficult  problem. 

It  has  been  suggested  (4,  6-8)  that  the  destruction  of  the  blue 
color  of  an  ash  by  dilute  mineral  acid  with  accompanying  evolu¬ 
tion  of  hydrogen  sulfide  may  be  considered  further  proof  of 
ultramarine  blue.  While  the  absence  of  hydrogen  sulfide  on 
acidification  would  be  proof  of  the  absence  of  ultramarine  blue, 
the  presence  of  hydrogen  sulfide  might  be  due  to  other  sulfides 
in  the  pigment  mixture  (2),  or  to  barium  sulfide  which  could  be 
formed  during  the  ashing  as  a  result  of  the  reduction  of  barium 
sulfate.  Destruction  of  the  blue  color  of  the  ash  on  acidification 
would  be  proof  of  ultramarine  blue,  provided  the  initial  blue 
color  of  the  ash  were  of  sufficient  intensity  to  enable  one  to  note 
its  disappearance.  This  presumes  relatively  high  percentages 
of  ultramarine  blue,  the  absence  of  the  cobalt  blues,  and  the 
absence  of  a  differently  colored  ash  from  some  other  component 
of  the  pigment  mixture.  If  iron  blue  were  present,  the  reddish 
brown  iron  oxide  resulting  from  the  ashing  of  the  iron  blue  would 
obscure  the  ultramarine  blue.  Other  colored  ash  pigments  in¬ 
clude  ochre  and  synthetic  iron  oxides,  chromium  oxide  and 
tetrahydroxide,  lead  and  zinc  chromates,  cadmium  sulfide,  sele¬ 
nium  sulfide,  etc. 

In  both  noncolored  and  colored  ash  pigment  mixture  compo¬ 
nents  in  which  ultramarine  blue  is  present  in  such  small  amounts 
as  to  be  unobservable  to  the  unaided  eye,  microscopic  examina¬ 
tion  of  the  ash  will,  to  some  extent,  show  the  blue  particles. 
There  is,  however,  considerable  danger  in  transferring  the  ash 
from  the  crucible  to  the  slide,  that  the  tinctorially  weak  ultra- 
marine  blue  particles  will  be  coated  by  the  finer  opaque  white  or 
colored  ash  particles  and  thereby  obscured  (3). 

This  difficulty  suggested  performing  the  ashing  on  the  micro¬ 
scope  slide  itself,  so  that  no  disturbance  of  the  ashed  pigment 
particles  and  therefore  no  obscuration  by  coating  could  occur. 
This  method  worked  very  well  and  has  been  used  by  the  writer 
over  a  period  of  years. 

ASHING  THE  FILM 

Preparation  of  Film  for  Ashing.  The  film  is  prepared  on 
the  slide  for  subsequent  ashing,  in  the  case  of  a  wet  printing 
ink  or  paint,  by  tapping  out  with  one’s  finger  a  very  thin  film 
in  the  center  of  and  covering  about  one  fourth  the  area  of  the 
slide.  The  ink  or  paint  must  be  soft  in  body,  to  allow  the  trans- 
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ference  of  a  very  thin  uniform  film.  If  the  ink  or  paint  is  too 
heavy  it  is  reduced  with  a  thin-bodied  linseed  oil.  A  heavy  film 
should  be  avoided  because  the  ash  in  such  cases  is  difficult  or 
impossible  to  resolve  under  the  microscope.  A  film  approxi¬ 
mately  one  ultramarine  blue  particle  thick  is  desired. 

The  finger  tap-out  procedure  is  commonly  used  by  printing 
ink  technicians  in  applying  a  thin  film  of  ink  to  a  surface.  It 
consists  of  transferring  a  minute  amount  of  the  ink  to  the  tip  of  the 
middle  finger  by  lightly  touching  the  ink  mass,  and  of  uniformly 
applying  and  distributing  this  ink  to  the  new  surface  by  a  series 
of  tapping  with  the  pad  of  finger.  In  applying  a  thin  film  to  the 
microscope  slide,  this  method  is  superior  to  that  of  spreading  the 
diluted  ink  or  paint  with  a  “doctor”  blade;  not  only  can  a  thinner 
film  be  applied,  but  the  ink  film  because  of  its  broken  surface 
will  not  run  or  blister  off  during  the  heating. 

If  the  pigment  mixture  to  be  tested  is  not  already  in  the  form 
of  a  wet  printing  ink  or  paint,  but  rather  as  a  paper  printing  or 
other  surface  coating,  the  test  can  still  be  made,  but  it  must  first 
be  converted  to  the  wet  form  for  slide  film  preparation.  This  is 
done  by  ashing  a  small  piece  of  the  printing  or  scraped  off  coating 
in  a  crucible  and  then,  after  cooling,  transferring  the  ash  to  a 
small  glass  plate.  The  ash  is  thoroughly  dispersed  in  a  few  drops 
of  thin-bodied  linseed  oil  by  vigorously  rubbing  with  the  flat 
blade  of  a  3-inch  palette  knife  to  form  an  ink  mass  of  suitable 
soft  consistency.  The  thorough  rubbing  redisperses  any  part 
of  the  ash  which  may  have  coated  any  ultramarine  blue  particles 
present.  The  resulting  ink  is  then  used  for  the  preparation  of  a 
slide  film.  The  same  procedure  is  followed  if  the  pigment  mix¬ 
ture  is  present  as  a  dry  powder.  Paper  stock  itself  sometimes 
contains  ultramarine  blue  and,  therefore,  when  testing  a  paper 
print  it  is  also  advisable  to  test  a  piece  of  the  blank  paper  as  a 
control. 

Film-Ashing  Procedure.  The  slide  is  then  flamed  in  an 
ordinary  Bunsen  burner,  using  a  suitable  holder,  until  the  film 
is  thoroughly  ashed.  Usually  10  to  20  seconds  of  heating  are 
sufficient,  and  one  can  readily  judge  by  inspection  when  the 
ashing  is  completed.  Excessively  long  heating  is  not  only  un¬ 
necessary  but  undesirable,  since  ultramarine  blue  has  a  slight 
tendency  to  decolorize  on  heating  in  air  (9).  Furthermore,  it  is 
important  to  heat  the  slide  with  the  film  side  upward,  since  other¬ 
wise  total  decolorization  quickly  occurs. 

If  such  decolorization  is  allowed  to  take  place,  the  blue  color 
can  be  partially  regenerated  by  exposing  the  slide  to  vapors  of 
actively  boiling  concentrated  nitric,  hydrochloric,  or  perchloric 
acid.  This  curious  phenomenon  is  reversible  and  can  be  re¬ 
peated  many  times.  \\  hile  it  is  of  considerable  theoretical  inter¬ 
est,  it  has  no  bearing  on  the  problem  at  hand. 

MICROSCOPICAL  EXAMINATION  OF  ASHED  FILM 

The  slide,  after  ashing,  is  first  viewed  in  the  microscope  at  200 
magnification,  using  a  16-mm.  objective  and  a  20  X  Hyperplane 
ocular.  Illumination  is  by  a  substage  illuminator  equipped  with 
a  blue  filter.  This  is  preferable  to  daylight  illumination,  since 
it  enhances  the  color  of  the  tinctorially  weak  ultramarine  blue 
particles.  Even  in  a  mixture  of  ultramarine  blue  and  iron  blue, 
high  in  iron  blue  content,  the  ultramarine  blue  particles  can  be 
distinctly  seen  among  the  reddish  brown  iron  oxide  particles, 
although  with  the  naked  eye  only  the  color  of  the  iron  oxide  is 
apparent  in  the  ashed  film. 

Good  resolution  can  be  achieved  at  200  magnification  when 
the  ultramarine  blue  in  the  pigment  mixture  is  as  low  as  10%. 
"  lth  some  experience  in  adjusting  the  illumination  even  3%  can 
be  identified,  although  some  eyestrain  is  experienced.  There¬ 
fore  in  cases  where  the  ultramarine  blue  percentage  is  less  than 
10,  higher  magnification  and  greater  illumination  are  usually 
necessary. 

This  is  best  accomplished  by  the  use  of  the  1.8-mm.  oil-immer¬ 
sion  objective  together  with  the  20  X  Hyperplane  ocular;  giving 
a  magnification  of  1940.  At  this  magnification  the  recognition  of 


ultramarine  blue  is  positive  when  the  percentage  is  0.25% 
(Figure  1) .  hen  using  the  oil-immersion  system  it  is  necessary 
with  some  microscopes  to  use  the  extra  thin  oil-immersion  slides 
instead  of  the  ordinary  slides  for  ashing  the  film,  and  greater 
care  must  therefore  be  exercised  in  the  flaming  so  as  not  unduly 


Figure  1 .  Photomicrographs  at  1940X 

Upper.  0.25%  ultramarine  blue,  99.75%  iron  blue 
Center.  1.00%  ultramarine  blue,  99.00%  iron  blue 
Lower.  10.00%  ultramarine  blue,  90.00%  iron  blue 
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Table  I.  Identification  of  Ultramarine  Blue 

Ultramarine 


Blue  in  Pig¬ 

Magnification 

Visibility  of 

ment  Mixture 

Other  Pigments 

Used 

Ultramarine  Blue 

% 

% 

10 

90 

Iron  blue 

200 

Good 

1 

99 

Iron  blue 

200 

Poor 

1 

99 

Iron  blue 

1940 

Excellent 

0.25 

99.75 

Iron  blue 

1940 

Excellent 

10 

90 

Titanium  dioxide 

200 

Good 

1 

99 

Titanium  dioxide 

200 

Poor 

1 

99 

Titanium  dioxide 

1940 

Excellent 

0.25 

99.75 

Titanium  dioxide 

1940 

Excellent 

20 

Monastral  blue 

20 

Iron  blue 

10 

20 

Chromium  oxide 

200 

Good 

20 

Cadmium  sulfide 

10 

Chrome  yellow 

1 

99 

Above  pigments 

in  same  ratio 

200 

Poor 

1 

99 

Above  pigments 

in  same  ratio 

1940 

Excellent 

0.25 

99.75 

Above  pigments 

in  same  ratio 

1940 

Excellent 

to  soften  the  glass  and  affect  the  planeness  of  the  slide.  A  quartz 
slide  of  suitable  thickness,  if  available,  is  ideal.  The  usual 
procedure  of  placing  a  drop  of  oil  of  cedar  (for  immersion)  on  the 
Abbe  condenser  in  contact  with  the  slide  as  well  as  on  top  of  the 
slide  should  be  followed. 

It  is  generally  good  practice  to  make  a  preliminary  examina¬ 
tion  using  the  16-mm.  objective  at  200  magnification,  as  it  en¬ 
ables  one  to  estimate  roughly  the  percentage  of  ultramarine 
blue  because  of  the  larger  field  which  can  be  viewed.  This  can 
likewise  be  done  with  the  oil-immersion  objective  if  one  uses  a 
5X  ocular  giving  a  magnification  of  485.  The  final  examina¬ 
tion,  however,  should  be  at  the  200  oil-immersion  magnification. 
Table  I  summarizes  results  on  tests  performed  with  varying 
percentages  of  ultramarine  blue  in  colored  and  noncolored  ash- 
pigment  mixture  components.  However,  the  method  so  far 
presented  for  the  identification  of  ultramarine  blue  presumes  the 
absence  of  the  cobalt  blues  and  violets. 

MICROSCOPICAL  IDENTIFICATION 

Cobalt  Blues  and  Violets  in  Presence  of  Ultramarine 
Blue.  In  the  majority  of  commercial  pigment  mixtures  the 
cobalt  blues  and  violets  are  not  likely  to  be  present  along  with 
ultramarine  blue,  but  since  the  method  so  far  given  assumes 
their  absence  the  following  test  must  be  made. 

On  the  ashed  film  microscope  slide,  if  blue  particles  have 
previously  been  observed,  add  a  drop  of  4  N  hydrochloric  acid 
and  allow  to  evaporate  to  dryness  at  room  temperature.  Observe 
the  slide  under  the  microscope,  using  whatever  magnification 
system  is  required.  If  the  blue  particles  have  all  decolorized 
cobalt  blue  is  absent  and  only  ultramarine  blue  was  present. 
This  is  true  of  all  the  ultramarine  blues  examined,  including  the 
so-called  alum-resisting  type.  For  purposes  of  greater  assur¬ 
ance,  however,  the  acidification  procedure  may  be  repeated. 
If  the  blue  particles  persist  after  the  second  acidification  treat¬ 
ment  cobalt  blues  are  present  and  ultramarine  blue  may  or  may 
not  have  also  been  present. 

Figure  2  shows  a  mixture  of  ultramarine  blue  and  cobalt  blue 
before  and  after  acidification. 

Contrary  to  the  behavior  of  the  cobalt  blues,  the  cobalt  violets 
are  not  acid-resistant  and  may  be  identified,  not  only  by  their 
purplish  hue  among  the  particles  in  the  original  ashed  film,  but 
more  particularly  by  the  large  pale  violet  crystal  masses  of  the 
decomposed  pigment  following  acidification  and  drying. 

Ultramarine  Blue  in  Presence  of  Cobalt  Blues.  The 
identification  of  ultramarine  blue  in  the  presence  of  the  cobalt 
blues  is  a  matter  of  greater  difficulty.  Since  no  direct  test  is 
available,  substantiating  tests  are  necessary  to  arrive  at  a  conclu¬ 
sion. 


In  the  absence  of  sulfides,  blue  ash  particles  observed  micro¬ 
scopically  which  persist  after  the  4  N  hydrochloric  acid  treat¬ 
ment  obviously  mean  the  absence  of  ultramarine  blue  and  the 
presence  of  cobalt  blue.  Here  a  negative  test  for  sulfides  has 
value  but  a  positive  test  is  without  meaning,  since  it  may  be  due 
to  other  sulfides.  The  presence  or  absence  of  small  amounts  of 
sulfides  can  be  determined  with  considerable  accuracy  by  the 
following  procedure,  based  on  the  idea  of  generating  hydrogen 
sulfide  and  testing  for  it  in  situ. 

Prepare  a  20%  aqueous  gelatin  solution  containing  2%  con¬ 
centrated  hydrochloric  acid.  While  still  warm  place  a  drop  on 
each  of  several  No.  2  circular  18-mm.  microscope  cover  glasses. 
The  drop  will  gel  in  a  few  minutes.  Prepare  several  and  set 
aside.  Next  dip  the  previously  ashed  microscope  slide  in  a  10% 
solution  of  lead  acetate  and  allow  to  dry.  Now  firmly  press  the 
cover  glass  onto  the  slide  with  the  acidified  gelatin  layer  in  con¬ 
tact  with  the  ashed  film,  and  observe  under  the  microscope  at  200 
magnification.  If  sulfides  are  present  even  in  very  small  amounts, 
the  acidified  gelatin  will  generate  hydrogen  sulfide  in  situ,  which 
will  in  turn  cause  the  localized  formation  of  lead  sulfide,  readily 
observable  under  the  microscope  as  dark  patches. 

In  the  event  of  a  positive  sulfide  test  the  two  following  addi¬ 
tional  tests  have  proved  useful  in  arriving  at  a  conclusion  as  to  the 
presence  or  absence  of  ultramarine  blue  in  conjunction  with  the 
cobalt  blues. 


Figure  2.  Photomicrographs  at  1940X 

5.00%  coball  blue,  95.00%  ultramarine  blue 
Large  particles  cobalt  blue 
Upper.  Before  acidification 
Lower.  After  acidification 
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.£  first  a  section  of  Ashed  film  which  has  been  treated 
with  hydrochionc  acid  is  compared  with  the  same  section  before 
acidification.  Any  reduction  in  the  number  of  blue  particles 
can  be  interpreted  as  meaning  that  these  destroyed  blue  particles 
were  ultramarine  blue.  To  accomplish  this  test  the  same  prin¬ 
ciple  of  testing  in  situ  is  used.  The  procedure  is  as  follows:  Ob¬ 
serve  the  ashed  film  slide  under  the  microscope  at  200  magnifi¬ 
cation,  using  a  square  ruled  counting  slide  such  as  a  Whipple 
eyepiece  micrometer  and  determine  the  number  of  blue  particles. 
i\  ext  place  a  hydrochloric  acid-gel  cover  glass  over  the  same  area 
and  in  10  minutes  again  count  the  number  of  blue  particles. 
Any  decrease  in  the  number  can  be  interpreted  as  ultramarine 
blue  particles  destroyed.  This  test  is  of  good  sensitivity  and  5% 
or  less  of  ultramarine  blue  in  95%  cobalt  blue  can  be  identified 
the  test  is  equally  sensitive  in  cases  of  complex  colored  ash  pig- 
ment  mixtures  where  this  ratio  of  ultramarine  blue  to  cobalt  blue 
exists. 

The  second  test,  while  not  so  positive  as  the  first,  is  of  con¬ 
siderable  value.  It  is  based  on  the  fact  that  anv  ultramarine 
blue  present  in  the  ashed  slide  film  will,  on  acidification  with 
hydrochloric  acid  form  a  considerable  quantity  of  sodium  chloride 
which  will  crystallize  in  the  characteristic  cubic  form  and  be 
readily  observable  under  the  microscope  at  200  magnification. 
T,le  ?ri,,ced^r®  1S  as  follows:  Gently  immerse  and  withdraw  the 
ashed  film  slide  several  times  in  warm  distilled  water  to  remove 
any  sodium  chloride  already  present.  Allow  the  slide  to  dry. 
Place  a  drop  of  4  A'  hydrochloric  acid  on  the  ashed  film,  and  set 
aside  to  dry  normally  at  room  temperature.  When  dry  observe 
under  the  microscope  for  cubic  sodium  chloride  crystals,  particu- 
larly  along  the  penphery  0f  the  acidified  area.  In  a  mixture 
of  ultramarine  blue  and  cobalt  blues,  5%  or  less  of  ultramarine 
b  ue  can  be  identified  by  this  means.  However,  in  the  presence 
of  moderate  percentages  of  iron  blue,  the  test  is  unreliable  because 
tfie  iron  blue  on  acidification  also  produces  some  sodium  chloride. 

SUMMARY 

In  the  absence  of  the  cobalt  blues  and  violets,  ultramarine 
blue  can  be  identified  in  complex  pigment  mixtures  by  micro - 


pBcopic  examination  under  suitable  conditions  of  magnification 
and  illumination.  This  test  is  sensitive  to  as  low  as  0.25% 
ultramarine  blue  at  200  magnification. 

A  microscopical  method  for  identifying  cobalt  blues  and  violets 
in  the  presence  of  ultramarine  blue  is  sensitive  in  the  case  of 
the  cobalt  blues  to  as  low  as  0.25%. 

A  microscopical  method  has  been  developed  for  testing  of 
hydrogen  sulfide  in  situ. 

Two  microscopical  methods,  presented  for  identification  of 
ultramarine  blue  in  the  presence  of  the  cobalt  blues,  are  sensitive 
to  about  5%  ultramarine  blue. 

These  methods  can  be  used  in  all  cases  where  the  color  of  the 
ashed  pigment  mixture  precludes  visual  observation  of  ultra- 
marine  blue  and  the  cobalt  blues  and  violets. 
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MANY  modifications  and  further  applications  of  the  original 
hydroxyl  method  of  Verley  and  Bolsing  (4),  using  a  mix¬ 
ture  of  pyridine  and  acetic  anhydride  as  the  esterification  agent, 
have  been  published. 

Peterson  and  West  (3)  showed  that  the  reagent  could  also  be 
used  for  the  quantitative  acetylation  of  sugars  and  sugar  deriva- 
tives  as  well  as  various  other  compounds.  The  procedure  was 
070  fr  A  weighed  quantity  of  the  sample  was  heated  at 

3/  to  SO  C.  in  a  small  tube  attached  to  a  condenser,  for  24  to  48 
hours  with  a  known  amount  of  the  pyridine-acetic  anhydride 
mixture  (2  volumes  of  pyridine  to  1  of  acetic  anhydride)  The 
mixture  was  then  poured  into  ice  water  and  the  amount  of  acid 
liberated  was  titrated  with  standard  base.  A  blank  containing 
ao  sample  was  run  at  the  same  time. 

West  and  co-workers  (5)  modified  the  procedure  slightly  to  be 
applicable  for  lipids  and  hydroxylated  fatty  acids.  Freed  and 
Aynne  (7)  simplified  and  shortened  the  procedure  by  merely 
lolling  the  pyridine-acetic  anhydride  solution  of  the  sample  in 
in  open  test  tube  for  1  minute.  When  the  solution  had  cooled, 
t  was  poured  into  water.  The  test  tube  was  rinsed  with  water 
ind  alcohol  and  the  amount  of  acid  liberated  was  titrated  with  a 
standard  base. 

In  a  micromethod  recently  developed  in  this  laboratory  by 
3eterson,  Hedberg,  and  Christensen  {2),  the  esterification  is 
arried  out  with  pyridine  and  acetic  anhydride  in  a  hermetically 
ealed  tube.  This  method  gave  satisfactory  results  with  a  large 
lumber  of  alcohols,  phenols,  and  polyhydroxy  compounds,  and 
s  here  extended  to  include  sugars  and  glycosides. 

^ThVueagentsJ  aPParaWs,  and  procedure  have  been  described 
1  ’  vi  meth°d  has  been  modified  in  only  two  respects: 
Jouble  the  amount  of  pyridine  specified  in  (2)  is  used  to  aid 
he  solution  of  the  sugars,  and  reaction  time  is  extended  to 
8  hours.  Two  to  4  mg.  of  sample  are  taken  for  analysis  and 
pproximately  10  ml.  of  0.04  N  base  are  used  in  the  titrations. 

Using  this  modified  procedure,  the  data  in  Table  I  were 
btained.  The  results  are  in  good  agreement  with  the  precision 


Table  I.  Hydroxyl  Determination 


Sugars 

Glucose  (tHsO)0 

Galactose 

Fructose 

Mannose 

Xylose 

Rhamnose  (hydrate) 
Sucrose 

Maltose  (IH2O) 
Lactose  (IH2O) 
Raffinose  hydrate 
Glycosides 
Salicin 

Phloridzin  (2H2O) 
Digitalin 

Amygdalin  (3HtO) 
Arbutin  (IH2O) 
Aesculin  (2H2O) 


No.  of 
Deter¬ 
minations 


2 

2 

5 

2 

2 

2 

2 

2 

2 

1 

2 

2 

2 

2 

2 

2 


OH 

Theory 

% 

42.9 

47.2 

47.2 

47.2 

45.3 

37.3 

39.8 

37.8 
37.8 

31.5 

29.7 

25.2 

23.3 

29.3 

22.6 


OH 

Found 

(Average) 

07 
/ 0 

42.6 
45.9 
40.2 

47.4 

43.7 
36  6 

39.7 

37.5 

37.5 

31.6 


29.2 

25.5 
20.1 

23.3 

28.5 

22.4 


Values  for  hydrates  are  not  corrected  for  water  content. 


Average 

Deviation 

P.p.1000 

3.5 
8.7 

16.0 

15.0 

4.6 

9.6 
2.5 
9.3 

12.0 


5.0 

20.0 

4.3 

17.0 

2.2 


obtained  using  ordinary  alcohols.  Since  this  method  is  relatively 
easily  carried  out,  it  gives  considerable  promise  as  a  tool  for 
analysis  of  sugars  and  glycosides. 
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Notes  on  Analytical  Procedures 


Closed  Absorption  Tube  for  Microdetermination  of  Carbon  and 

Hydrosen 

ALOIS  LANGER 

Westinghouse  Research  Laboratories,  East  Pittsburgh,  Pa. 


THE  use  of  closed  absorption  tubes  for  microdetermination 
of  carbon  and  hydrogen  has  many  advantages.  The  main 
advantage  is  that  the  closed  tubes  are  less  affected  by  atmos¬ 
pheric  conditions.  Since  the  first  closed  microtubes  were  de¬ 
veloped  by  Blumer  (4),  several  modifications  have  been  de¬ 
scribed;  the  most  recent  are  those  of  Friedrich  ( 3 ,  5)  and  Abra- 
hamczik  ( 1 ,  2).  The  rigid  construction  and  vertical  position  of 
the  Friedrich  tubes  make  them  easy  to  handle  and  convenient  to 
use  in  a  small  space.  The  Abrahamczik  modification  was  de¬ 
signed  to  exclude  the  large  air  space  of  the  Friedrich  tubes;  to 
achieve  this,  one  end  of  the  tube  was  closed  with  a  ground  cap 
and  a  separate  conical  ground-glass  sleeve  was  used  for  the  side 
arms. 


DESIGN  AND  USE  OF  NEW  TUBES 

The  adsorption  tube  described  here  eliminates  the  air  jacket 
of  the  Friedrich  tube  and  the  cap  and  sleeve  of  the  Abrahamczik 
modification.  The  new  tube  consists  of  two  parts  as  shown  in 
Figure  1,  a  and  e.  The  over-all  length  was  made  1 10  mm.  and  the 
outside  diameter  10  mm.  The  tube  was  made  of  Pyrex  and 
weighed  empty  approximately  10  grams.  A  groove  was  ground 
near  the  edge  of  the  inner  joint  to  prevent  the  lubricant  from 
being  squeezed  out  during  operation.  The  inner  capillary  tubes 
(outside  diameter  2  mm.)  were  centered,  in  order  to  distribute  the 
absorbent  more  evenly  and  to  prevent  channels  in  the  adsorbent. 
The  side  arms  (outside  diameter  4  mm.)  are  restricted  against  lu¬ 
brication  loss.  The  design  shown  in  e  was  more  difficult  to  con¬ 
struct  than  a,  which  has  a  small  outside  loop. 


Figure  1.  Absorption  Tube 

a,  e.  Design  of  microtubes  for  carbon-hydrogen  determination 

b.  Filling  of  Dehydrite  tube 

c.  Filling  of  Ascarlte  tube 

d.  Filling  of  third  tube 


The  tubes  are  thoroughly  cleaned  by  boiling  in  dilute  hydro¬ 
chloric  acid.  Before  filling,  the  inside  capillaries  and  the  ground 
joints  are  protected  by  small  cotton  plugs  and  paper  sleeves,  re¬ 
spectively.  The  three  tubes  are  filled  with  Dehydrite  and  As- 
carite  as  indicated  in  b,  c,  and  d.  The  open  ends  are  now  plugged 
with  cotton,  the  protecting  sleeve  is  removed,  the  joints  are  lu¬ 
bricated,  and  the  tube  is  assembled.  After  each  filling,  the  tubes 
have  to  be  conditioned  in  the  usual  way  (2).  The  hydrogen  and 
carbon  tubes  are  refilled  when  the  absorbent  in  the  upper  part  is 
almost  exhausted,  after  about  0.2  gram  of  carbon  dioxide  and  0.1 
gram  of  water  have  been  absorbed.  It  is  necessary  this  time  to 
refill  only  the  upper  part,  thus  saving  material  and  time,  but 
after  about  ten  partial  fillings,  the  whole  tube  should  be  cleaned 
and  refilled.  ,The  change  in  weight  of  the  third  tube  was  used, 
as  recommended  by  Friedrich  ( 4 ),  to  compensate  for  any  change 
in  conditions  which  may  have  occurred  since  the  last  weighing. 
It  was  found  advantageous  to  use  an  empty  fourth  tube  open  to 
the  atmosphere  as  a  counterpoise. 

After  being  filled  and  thoroughly  wiped,  the  tubes  are  touched 
only  with  chamois  and  a  wire  fork.  The  tubes  are  closed  so  that  a 
positive  pressure  will  be  maintained  after  disconnecting  from  the 
combustion  furnace.  The  side  arms  are  cleaned  with  a  cotton 
swab  and  the  remaining  parts  are  dusted  lightly  with  a  camel- 
hair  brush.  The  absorption  tubes  are  allowed  to  stand  in  the  bal¬ 
ance  room  for  5  minutes  and  then  opened  to  the  air  for  a  few 
seconds  to  equalize  the  pressure.  The  weighings  are  made  after 
standing  an  additional  10  minutes  in  the  balance  case. 


Table  I.  Determination  of  Carbon  and  Hydrogen 


Found 

Theory 

Carbon 

Hydrogen 

Carbon 

Hydrogen 

p-Toluic  acid 

70.38 

5.92 

70.68 

5.88 

70.63 

5.81 

70.46 

5.89 

Benzoic  acid 

• 

68.80 

5.10 

68.80 

4.92 

68.88 

4.90 

68.81 

4.97 

RESULTS 

The  tubes  described  have  been  used  for  over  two  years.  Con¬ 
sistent  results  have  been  obtained  with  different  operators. 
Table  I  gives  the  results  of  three  successive  carbon-hydrogen 
determinations  of  pure  p-toluic  acid  and  pure  benzoic  acid, 
which  show  that  the  proposed  absorption  tube  is  capable  of  giving 
a  good  analysis. 
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A  Centrifuge  Tube  Agitator 

R.  F.  REITEMEIER,  U.  S.  Regional  Salinity  Laboratory,  U.  S.  Department  of  Agriculture,  Riverside,  Calif. 


MANY  quantitative  and  qualitative  semimicroanalytical 
procedures  require  the  agitation  of  individual  small  centri¬ 
fuge  tubes  during  the  addition  of  reagents,  mixing  of  tube  contents, 
and  titrations.  Manual  agitation  of  tubes  usually  involves 
various  motions  such  as  shaking,  angular  swinging,  stirring  with 
small  rods,  and  reciprocating  rotation  between  the  palms  of  the 
hands.  Some  disadvantages  of  these  techniques  are:  (1) 
discomfort  to  fingers  and  hands  when  handling  hot  tubes;  (2) 
frequent  loss  of  tube  contents;  (3)  nonuniform  agitation  of  the 
various  tubes  within  an  analytical  series;  (4)  tedium  of  repeated 
shakings  during  titrations;  (5)  extended  time  required  for  thor¬ 
ough  mixing;  and  (6)  errors  involved  in  the  handling  and  wash¬ 
ing  of  stirring  rods.  To  avoid  these  difficulties,  mechanical  con¬ 
trivances  have  been  investigated.  Figure  1  shows  a  successful  one. 


The  essential  component  of  this  device  is  the  actuating  mech¬ 
anism  of  a  manual  valve  grinder  (Sioux  valve  grinder  model  400 
manufactured  by  Albertson  and  Co.,  Sioux  City,  Iowa).  The 
gears  in  the  body  of  this  tool  are  designed  so  that  when  the  crank 
is  turned  in  one  direction  the  chuck  moves  2/3  revolution  clock- 
Wlse>  1  revolution  counterclockwise,  and  repeats  this  move¬ 
ment  Thus,  the  motion  of  a  centrifuge  tube  that  rotates  with 
the  chuck  somewhat  resembles  that  of  a  tube  rotated  between  the 
palms  of  the  hands;  when  the  crank  is  turned  rapidly  the  tube  is 
agitated  sufficiently  to  provide  rapid  mixing  of  the  ’tube’s  con¬ 


figure  1 .  Agitator  and  Titration  Assembly 


Centrifuge 
Tube  Holder 


The  handle  of  the  valve  grinder  has  been  replaced  by  a  bolt 
by  which  the  body  is  mounted  upside  down  in  a  wooden  saddle’ 
which  in  turn  is  fastened  to  a  wood  base  of  dimensions  26  X  11  x’ 
1.5  inches  (65  X  28  X  3.8  cm.).  A  6.25-inch  hardwood  V- 
pulley  replaces  the  grinder  crank.  This  is  turned  clockwise  by 
a  0.5-inch  V-belt  30  inches  long  which  also  encircles  a  1  25- 
mch  V-pulley  on  the  shaft  of  a  0.25-hp.,  110-volt,  1425  r.p.m. 
electric  motor.  (A  0.125-hp.  motor  of  the  same  speed  probably 
would  be  adequate.)  This  pulley  combination  fixes  the  speed  of 
the  wooden  pulley  at  265  r.p.m.,  which  is  somewhat  faster  than 
the  grinder  would  usually  be  turned  manually  in  grinding  valves 
The  body  of  the  grinder  is  filled  with  light  grease. 

The  ordinary  15-ml.  and  thick-walled  12-ml.  conical  centrifuge 
tubes  used  by  the  author  are  held  in  a  transparent  Lucite  plastic 
holder  fashioned  from  1-inch  Lucite  rod.  A  detailed  picture  of 
the  holder  is  shown  in  Figure  2. 

The  main  inside  diameter  is  45/64  inch,  which  is  barely  suf¬ 
ficient  for  the  broadest  tubes.  The  upper  0.25  inch  of  the 
opening  is  tapered  to  a  maximum  diameter  of  0.875  inch  at  the 
top,  which  permits  the  use  of  a  band  of  thin  Gooch  rubber 
tubing  stretched  over  the  opening  to  hold  the  tube  during  its 
agitation.  The  band  is  0.9375  inch  wide  and  0.625  inch  long; 
pinholes  in  the  horizontal  portion  assist  the  escape  of  air  from  the 
holder  when  a  tube  is  inserted.  Below  the  45/64-inch  section 
which  is  3.5  inches  long,  extends  a  boring  of  0.3125-inch  diameter 
and  0.5-inch  depth.  The  tapered  portion  of  the  tube  rests  on 
the  rim  of  this  smaller  hole,  whereby  the  tube  is  supported  and 
centered.  A  male  threaded  Lucite  stud  0.75  inch  long,  fash¬ 
ioned  on  the  base  of  the  holder,  holds  it  securely  in  the  threaded 
chuck  of  the  grinder.  The  center  of  this  stud  is  offset  0.0625  inch 
from  the  center  of  the  holder  to  provide  a  greater  radius  of  gyra¬ 
tion.  The  over-all  length  of  the  holder  is  5.375  inches.'  A 
similar  holder  can  be  prepared  from  flared  glass  tubing  cemented 
to  a  base  a,nd  threaded  stud  of  brass. 

To  facilitate  titrations  directly  in  the  centrifuge  tube,  a  buret 
assembly  is  mounted  on  the  wooden  platform.  A  thin  brass  tube 
slides  over  a  brass  rod  screwed  into  a  base  plate  fastened  to  the 
platform;  a  hook  at  the  top  of  this  tube  engages  a  guide  pin  lo¬ 
cated  1  inch  from  the  top  of  the  rod.  The  microburet,  supported 
by  two  thermometer  clamps,  moves  vertically  and  horizontally 
with  the  brass  tube.  With  the  hook  on  the  guide  pin,  the  tip  of 
the  buret  is  inserted  into  the  centrifuge  tube,  the  wooden  pulley 
turned  by  hand,  and  the  brass  tube  moved  horizontally  until  the 
buret  tip  clears  the  tube  during  the  rotation.  A  setscrew,  4 
inches  above  the  bottom  of  the  tube,  is  then  tightened.  As ’an 
illumination  aid,  a  glass  plate,  7  X  12  inches,  to  which  is  ce¬ 
mented  a  sheet  of  thin  white  typing  paper,  is  mounted  in  a  wood 
support  directly  behind  the  agitator  and  the  buret  assembly. 
An  incandescent  light  bulb  behind  the  paper  screen  furnishes  suf¬ 
ficient  diffused  light  for  titrations  and  other  color  observations. 

Agitation  increases  the  height  of  an  aqueous  solution  in  a 
centrifuge  tube  about  0.5  inch.  Centrifuge  tubes  of  12-  and 
15-ml.  nominal  capacity  can  accommodate  approximately  11  and 
12  ml.  of  liquid,  respectively,  without  loss  of  tube  contents.  Agi¬ 
tation  for  5  to  10  seconds  usually  suffices  for  complete  mixing. 

This  apparatus  has  been  employed  successfully  in  various 
operations  of  quantitative  semimicroanalytical  methods  pre¬ 
viously  published  (f),  including  precipitation  of  calcium  oxalate 
and  titration  with  hexaperchlorato  cerate,  precipitation  of  mag¬ 
nesium  as  magnesium  ammonium  phosphate,  precipitation  of 
potassium  sodium  cobaltinitrite  and  development  of  cobalt 
ferrocyanide  color,  and  precipitation  of  benzidine  sulfate  and 
sodium  uranyl  zinc  acetate. 
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Co  nversion  of  “Percentage  Concentration”  of  Mash  or  Beer  to  Gallonage 

E.  M.  BURDICK  and  JULIAN  CORMAN 
Agricultural  Motor  Fuels  Division 
Northern  Regional  Research  Laboratory,  Peoria,  III. 


IN  CORRELATING  laboratory  and  plant  fermentation  data 
involving  concentrations  of  mash  or  fermented  beer  at  this 
laboratory,  it  is  frequently  necessary  to  convert  so-called  “per¬ 
centage  concentration”  to  gallonage.  This  requirement  arises 
because  different  systems  are  common!}'  used  to  express  concen¬ 
trations  in  the  laboratory  and  in  the  plant. 

In  the  laboratory  it  is  customary  to  express  concentration 
on  the  basis  of  weight  per  volume,  using  metric  units,  while 
in  the  plant  it  is  expressed  as  volume  per  weight,  using  English 
units. 

“Percentage  concentration”  is  the  weight,  in  grams,  of  original 
grains  contained  in  100  ml.  of  final  slurry.  “Gallonage”  is  the 
volume,  in  U.  S.  gallons,  of  final  slurry  which  contains  one  IT.  S. 
distillers’  bushel  of  original  grains.  Expressed  mathematically. 


the  relationship  between  percentage  concentration  and  gallonage 
becomes: 

56  X  453.59  X  100 

-  =  percentage  concentration 

Gallonage  X  3785.3 

where  56  =  pounds  per  U.  S.  distillers’  bushel  of  grain,  453  59  = 
grams  per  pound,  and  3785 . 3  =  ml.  per  U.  S.  gallon. 

From  the  above  equation  it  can  be  seen  that  percentage  con¬ 
centration  X  gallonage  =  671.04.  Therefore,  to  change  per¬ 
centage  concentration  to  gallonage  or  vice  versa,  it  is  only  neces¬ 
sary  to  divide  the  constant  (671.04)  by  whichever  expression  is 
given — for  example,  a  21.1%  mash  or  beer  is  equivalent  to 
671.04/21.1  =  31.8-gallon  beer,  or  conversely  a  31. 8-gallon  beer 
is  equivalent  to  671.04/31.8  =  21.1%  concentration. 


Sensitive  Test  for  Silver  and  the  Halides 

PHILIP  S.  BAKER  and  J.  H.  REEDY 
University  of  Illinois,  Urbana,  III. 


HEN  a  solution  of  potassium  iodide  that  has  been  saturated 
with  mercuric  iodide  is  added  to  a  silver  chloride  precipitate, 
a  bright  orange  color  is  obtained.  This  reaction  is  very  sensitive, 
and  has  been  made  the  basis  for  the  following  test  for  silver. 


PROCEDURE 

A  solution  of  potassium  tetraiodomercurate  is  prepared  by 
shaking  24  grams  of  mercuric  iodide  with  100  ml.  of  warm  molar 
potassium  iodide  solution.  Upon  standing,  a  small  residue  of 
mercuric  iodide  will  remain  undissolved  and  will  settle  to  the 
bottom,  leaving  a  saturated  solution  of  the  iodomercurate 
reagent.  This  solution  is  stable  except  for  slight  atmospheric 
oxidation,  and  in  contact  with  mercuric  iodide  will  undergo  no 
noticeable  change  upon  standing  several  months. 

The  silver  chloride  is  prepared  as  a  suspension  by  adding  a 
slight  excess  of  dilute  hydrochloric  acid  to  silver  nitrate.  After 
coagulation  by  warming  and  shaking,  the  precipitate  is  trans¬ 
ferred  to  a  small  Hirsch  funnel  and  washed  thoroughly  to  remove 
any  excess  of  chloride  ions.  The  precipitate  is  aspirated  to 
practical  dryness,  and,  after  disconnecting  from  the  vacuum,  a 
drop  of  the  iodomercurate  solution  is  added,  giving  the  orange- 
red  color.  A  few  moments  are  allowed  for  the  maximum  color 
to  develop.  The  color  may  be  further  intensified  by  drying  the 
paper  on  a  steam  bath  or  in  a  drying  oven.  Prolonged  heating 
must  be  avoided,  since  mercuric  iodide  is  volatile  at  high  tempera- 
tures. 

This  procedure  has  been  extended  to  include  the  detection  of 
chloride  and  bromide  by  precipitating  them  with  silver  nitrate 
solution,  and  washing  the  precipitate  until  it  is  free  from  excess 
silver  ions.  Silver  in  the  form  of  silver  iodide  or  silver  sulfide 
cannot  be  detected  in  this  -way,  since  these  salts  are  too  insoluble 
to  react  with  the  iodomercurate  reagent. 

The  test  must  be  made  without  diluting  the  reagent,  since 
dilution  causes  the  separation  of  a  red  precipitate  of  mercuric 
iodide  This  is  due  to  the  hydrolysis  of  the  iodomercurate  ion: 
Hgl4 —  +  dilution  <=*  Hgl2  (red)  +  2I".  One  drop  of  water 
with  5  ml.  of  the  reagent  will  produce  a  distinct  red  precipitate 
after  standing  2  minutes,  and  a  drop  of  the  reagent  with  10  ml. 
of  water  will  give  a  red  precipitate  in  about  the  same  time.  In 
order  to  avoid  this  interference,  the  silver  halide  is  dried  on  the 
paper  by  aspiration. 

Instead  of  the  filtration  technique,  spot  test  or  cone  methods 
may  be  used.  The  necessary  precaution  against  dilution  of  the 
reagent  must  be  observed  in  both  cases.  Practically  the  same 
sensitiveness  was  found  in  all  the  methods  used. 


SENSITIVENESS 

Since  the  test  involves  the  separation  of  the  silver  as  silver 
chloride  as  a  primary  step,  the  solubility  of  silver  chloride  is  the 
limiting  factor  in  the  sensitiveness  of  the  test.  The  effect  of  the 
concentration  of  the  iodide  in  the  reagent  is  secondary  in  com¬ 
parison.  However,  a  high  concentration  of  iodide  is  desirable, 
since  it  intensifies  the  color  effect — that  is,  several  drops  of  0.1  M 
potassium  iodomercurate  may  be  required  to  give  the  same 
depth  of  color  as  a  single  drop  of  M  potassium  iodomercurate. 
In  general,  the  procedure  wall  give  a  positive  test  for  silver  with  a 
single  drop  of  0.001  M  silver  nitrate  using  microtechnique. 
The  sensitiveness  therefore  approximates  5  micrograms  of  silver. 
Since  the  amount  of  silver  chloride  precipitate  is  the  important 
factor,  the  sensitiveness  of  the  test  can  be  increased  by  con¬ 
centrating  the  solution  previous  to  the  precipitation  with  hydro¬ 
chloric  acid. 

INTERFERENCES 

Several  ions  interfere  with  this  test  for  silver  by  forming  yellow 
or  red  precipitates— e.g.,  lead,  mercurous,  mercuric,  bismuth, 
cupric,  cadmium,  stannic  ions,  and  oxidizing  agents  in  general. 
In  addition,  alkaline  solutions  sometimes  contain  anions  that  form 
precipitates  upon  acidification — -e.g.,  tungstate,  thiosulfate, 
silicate,  etc.  With  the  exception  of  tungstic  oxide,  these  precipi¬ 
tates  give  no  colors  with  the  reagent,  but  they  may  interfere 
by  diluting  the  test.  All  these  interferences  may  be  removed 
as  follows: 

The  solution  is  acidified  with  dilute  nitric  acid  and  warmed. 
Any  precipitate  of  tungstic  oxide,  sulfur,  silica,  etc.,  is  removed 
by  filtration.  The  filtrate  is  then  treated  with  dilute  hydro¬ 
chloric  acid.  If  mercurous  or  lead  ions  may  be  present,  chlorine 
solution  or  dilute  nitric  acid  is  added,  and  the  mixture  is  warmed. 
The  precipitate  is  separated  on  a  small  paper  in  a  Hirsch  funnel 
and  is  washed  with  hot  water  as  long  as  the  washings  show  the 
presence  of  mercuric  or  lead  ions.  After  the  precipitate  has  been 
aspirated  to  dryness,  a  drop  or  two  of  the  iodomercurate  reagent 
is  added.  An  orange  precipitate  indicates  the  presence  of  silver 
chloride. 
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NATURE  OF  THE  PRECIPITATE 

The  orange  color  of  the  precipitate  obtained  in  this  test 
seems  to  be  due  to  the  presence  of  free  mercuric  iodide.  This  is 
shown  by  the  fact  that  this  substance  can  be  extracted  from  the 
precipitate  by  inert  solvents — e.g.,  ethyl  alcohol— leaving  a  yel¬ 
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low  residue.  This  free  mercuric  iodide  may  represent  an  ex¬ 
cess  of  mercuric  iodide  dissolved  in  the  reagent,  but  more  prob¬ 
ably  comes  from  a  decomposition  of  either  the  reagent  or  the 
silver  precipitate.  Further  study  of  the  composition  and  sta¬ 
bility  of  the  iodomercurates  is  planned. 
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A  Combination  Gas-Delivery  Tube  and  Stirrer 

ROBERT  R.  RUSSELL  and  CALVIN  A.  VANDERWERF 
University  of  Kansas,  Lawrence,  Kans. 


THE  stirring  device  illustrated  represents  what  the  authors 
believe  to  be  the  best  method  yet  described  for  the  rapid 
absorption,  with  efficient  stirring,  of  gases  in  solid  or  heavy  liquid 
suspensions,  a  common  laboratory  operation  required  by  many 
varied  types  of  reactions. 

Adaptation  of  the  agitator  itself  as  the  gas-delivery  tube  is  ac¬ 
complished  by  the  use  of  a  glass  tube  stirrer  shaft,  A-A,  which 
terminates  at  the  top  as  the  inner  tube  ol  the  revolving  mercury 
seal,  C.  Gas-inlet  tube  B  is  clamped  so  that  the  lower  end  dips 
at  least  8  cm.  below  the  surface  of  the  mercury.  Either  an  or- 
dinary  niercury  seal,  Hf  or  a  liquid  seal  of  the  type  described  bv 
Fieser  (2)  may  be  used  for  the  flask. 

When  property  aligned  in  the  ball-bearing  mountings  (2), 
D  and  E,  E,  the  movable  assembly  turns  freely  and  smoothly, 
rower  is  transmitted  to  the  stirrer  by  means  of  the  pulley  F 
from  the  motor,  (?,  set  to  one  side.  A  suitable  belt  may  be  made 

by  twisting  a  heavy 
twine  around  itself 
four  times,  much  as 
a  grommet  splice  is 
made. 

To  prevent  clog¬ 
ging,  the  direction 
of  stirring  should  be 
away  from  the 
orifice.  When  the 
entire  setup  is 
mounted  on  one 
ring  stand  it  is 
easily  portable  and 
can  be  weighed  if 
desired.  The  ap¬ 
paratus  is  inexpen¬ 
sive  and  easily  as¬ 
sembled.  A  dis¬ 
ci.,  carded  automobile 
generator  bearing, 
available  at  most 
junk  yards,  makes 
an  excellent  align¬ 
ing  ball-bearing,  D, 
for  the  revolving 
mercury  seal,  C. 

The  authors 
found  this  device 
highly  satisfactory 
for  the  chlorination 
of  suspensions  of 
urea  and  chalk  in 
small  amounts  of 
water  in  the  large- 
scale  synthesis  of 
chlorourea  (1 ).  Not 
only  was  the  ab¬ 
sorption  time  for 
the  usual  amount 
of  chlorine  reduced 
o  one  third  of  that  required  when  the  gas-inlet  tube  was  in- 
lependent  of  the  stirrer,  but  it  was  also  found  that  the  chlorine 
■bsorption  could  easily  be  forced  to  a  point  not  reached  during 
ny  reasonable  length  of  time  when  a  stationary  gas-delivery 
ube  was  employed. 


B 
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Little  corrosion  of  the  mercury  was  observed  although,  if  the 
rotating  seal  is  made  sufficiently  deep,  other  liquids  may  be  em¬ 
ployed  as  necessity  demands.  Modifications  in  the  shape  or 
orifice  of  the  stirrer  ^will  be  found  superior  in  many  other  indi¬ 
vidual  cases  to  which  this  device  may  be  adapted. 
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Use  of  Infrared  Heat  in  Determining 
Aniline  Points 

HAROLD  T.  HOPKINS 
Standard  Inspection  Laboratory 
Standard  Oil  Development  Company,  Linden,  N.”J. 

HEATING  by  infrared  radiation  is  particularly  advantageous 
in  the  widely  used  aniline  point  test.  The  A.S.T.M.  ( 1 ) 
version  prescribes  the  alternate  heating  and  cooling  of  20  ml.  of  a 
mixture  of  equal  parts  of  aniline  and  the  product  under  test,  in  a 
glass-jacketed  test  tube  equipped  with  a  suitable  stirrer. 

Heat  is  ordinarily  supplied  by  the  use  of  a  liquid  bath  or  a 
flame.  The  insulating  effect  of  the  glass  air-jacket  is  troublesome 
during  the  heating  periods,  as  the  mixture  is  likely  to  be  brought 
to  an  unnecessarily  high  temperature,  thereby  wasting  time  while 
the  operator  watches  for  the  appearance  of  a  cloud  in  the  slowly 
cooling  liquid. 

The  substitution  of  an  infrared  heater  for  a  liquid  bath,  or  a 
flame,  reduces  lag  to  practically  zero.  The  thermometer  reading 
starts  to  go  up  or  down  almost  immediately  after  turning  the  heat 
on  or  off.  If  an  experienced  operator  keeps  the  liquid  under  close 
observation  during  the  heating  period,  the  range  between  mini¬ 
mum  and  maximum  temperature  need  not  exceed  3°  C. 

Rate  of  heating  can  be  regulated  conveniently  by  changing  the 
position  of  the  infrared  bulb.  Protection  of  the  apparatus  from 
drafts  is  not  necessary.  An  operator  can  conduct  two  simultane¬ 
ous  tests  with  ease,  and  there  is  an  increase  in  safety  and  cleanli¬ 
ness.  A  further  advantage  is  found  in  the  fact  that  the  tube  may 
be  vacuum-jacketed,  which  ensures  a  slow  rate  of  cooling  and  im¬ 
proves  the  accuracy  of  the  determination. 

The  infrared  heating  devices  used  in  the  writer’s  laboratory  are 
infrared  lamps  consisting  of  260-watt  bulbs  with  reflectors.  They 
are  inexpensive  and  easy  to  obtain.  The  working  time  consumed 
per  test  performed  is  reduced  to  less  than  two  thirds  that  required 
when  employing  the  older  methods  of  heating. 
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Pipet  Washer 

JOHN  H.  JORDAN,  Jr. 

Technical  Department,  Refining  Division,  Magnolia 
Petroleum  Co.,  Beaumont,  Texas 

A  SIMPLE  device  for  washing  pipets  rapidly  with  minimum 
'  '  expenditure  of  labor  is  shown  in  Figure  1.  A  dozen  or  more 
pipets  can  be  cleaned  in  about  5  minutes  with  practically  no 
attention  from  the  operator. 

The  apparatus  consists  of  a  pipet  washer,  a  pipet  holder,  and  a 
vessel,  such  as  a  1000-ml.  graduated  cylinder  which  can  be  filled 
with  cleaning  solution  to  a  depth  sufficient  to  immerse  the  pipets 
completely. 

The  washer  is  a  siphoning  device  constructed  from  glass  tubing 
and  mounted  in  a  vertical  position  on  a  ring  stand  or  similar 
appliance.  It  fills  and  empties  automatically  on  the  principle  of 
the  Soxhlet  extractor.  Water  enters  the  washer  through  the 
bottom  inlet  tube  and  fills  the  washer  to  the  level  at  which  the 
siphon  begins  to  operate,  rapidly  emptying  the  vessel.  The  size 
of  the  siphon  tube  and  the  rate  of  water  flow  to  the  washer  are 
adjusted  so  as  to  complete  the  cycle  of  filling  and  emptying  in 
about  45  seconds.  A  screen  wire  is  placed  in  the  bottom  of  the 
washer  for  supporting  the  holder. 

The  holder  facilitates  the  transfer  of  the  pipets  from  the  clean¬ 
ing  medium  to  the  washer.  It  is  constructed  from  stainless  steel 
welding  rods,  although  glass  rod  may  be  used.  Three  rings  made 
of  tne  same  materials  and  slightly  smaller  in  diameter  than  the 
washer  are  welded  to  the  rod  in  the  position  shown.  A  few  short 
rods  are  welded  across  the  lower  ring  to  serve  as  a  screen  to  sup¬ 
port  the  pipets. 

Pipets  to  be  cleaned  are  placed  in  the  holder  in  an  inverted 
position,  to  allow  rapid  filling  and  draining,  and  immersed  in 
cleaning  solution  in  the  cylindrical  vessel.  After  the  pipets  are 
filled  with  the  solution,  the  holder  is  raised  and  pipets  are  allowed 
to  drain  before  being  placed  in  the  washer  where  they  are  rinsed 
with  water.  This  procedure  may  be  repeated  several  times  if 
necessary. 


Figure  1.  Washer  and  Pipet  Holder 


Sizes  of  equipment  shown  are  sufficient  for  accommodating 
eighteen  1-  to  2-ml.,  twelve  5-ml.,  or  eight  10-ml.  pipets,  but 
these  sizes  may  be  altered  depending  on  local  needs.  The  same 
principle  may  be  employed  for  washing  large  pipets  or  burets, 
provided  the  dimensions  of  the  equipment  are  properly  adjusted. 


Sulfamic  Acid  as  an  Aid  in  the  Analytical  Electrodeposition 

of  Copper 

LOUIS  SILVERMAN,  5559  Hobart  St.,  Pittsburgh,  Pa. 


THE  employment  of  sulfamic  acid  in  the  analytical  electro¬ 
deposition  of  copper  has  not  been  described.  Nitrous  acid, 
which  retards  the  electrolytic  deposition  of  copper,  is  rapidly 
decomposed  by  sulfamic  acid,  with  the  formation  of  nitrogen: 

H0S02NH2  +  HONO  (H0)2S02  +  N2  +  H20 

When  copper  is  electrolytically  plated  from  a  nitric  acid  solu¬ 
tion,  urea  is  usually  added  to  remove  the  nitrogen  oxides  that  are 
formed.  Air  stirring,  if  available,  accelerates  the  deposition,  but 
does  not  remove  all  the  nitrogen  oxides. 

Objections  to  urea  are: 

A  dark  coating  may  form  over  the  cathode. 

The  subsequent  precipitation  of  nickel  by  dimethylglyoxime 
may  be  incomplete. 

The  removal  of  nitrogen  oxides  by  urea  is  slow,  often  unsatis¬ 
factory. 

The  acidity  of  the  electrolyte  is  decreased,  and  additional  acid 
must  be  pipetted  into  the  electrolyte. 

These  statements  do  not  apply  to  sulfamic  acid.  There  is  no 
organic  material  present;  the  nickel  determination  is  not  affected; 
the  nitrous  acid  reaction  (2)  is  rapid;  and  the  acidity  of  the  solu¬ 
tion  is  unchanged.  Furthermore,  if  an  occasional  electrolyte  is 
found  that  will  not  deposit  copper,  sulfamic  acid  will  be  of  as¬ 
sistance.  This  has  occurred  in  the  determination  of  small 
amounts  of  copper  in  aluminum-zinc  alloys.  The  alloys  were 


Table  I.  Electrodeposition  of  Copper  and  Lead  in  Bronze 


(Alloy,  1  gram  of  0.07%  lead,  70%  copper) 

Time  of 


Amperage 

Treatment 

Deposition0 

Minutes 

1 

1.75 

Air  stirring  +  sulfamic  acid  & 

45 

2 

1.75 

Only  air  stirring 

60 

3 

1.75 

Previous  boiling  of  one  hour,  no  stirring 

105 

Hours 

4 

1.75 

Urea,  no  stirring 

3 

5 

1.75 

Starch,  no  stirring' 

2 

6 

1.25 

Sulfamic  acid,  no  stirring^ 

1.75 

°  Each  figure  is  for  a  set  of  four  samples  of  same  composition,  and  is 
complete  deposition  time  for  copper  and  lead. 

6  0.5  gram  of  sulfamic  acid,  maximum. 

c  Starch,  added  at  start,  forms  a  dark  coating  over  cathode. 


dissolved  in  nitric  acid  and  water,  boiled  for  15  minutes,  cooled, 
then  placed  on  the  electrolytic  board.  The  copper  did  not  de¬ 
posit.  Electrolytes  treated  with  urea  did  not  plate,  but  those 
to  which  sulfamic  acid  (1  gram)  was  added  plated  within  a  few 
minutes. 

In  Table  I,  some  observed  values  of  time  of  depositions  are 
given.  All  experimental  work  refers  to  electrolytes  containing 
lead,  copper,  nickel,  zinc,  and  nitric  and  sulfuric  acids.  Com¬ 
pleteness  of  deposition  was  determined  by  raising  the  water  level 
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of  the  electrolyte;  after  removal  of  the  electrodes,  ammonium 
hydroxide  was  added.  Approximately  one  ampere-hour  would 
be  required  electrically  to  deposit  the  copper  and  lead  from  1 
gram  of  bronze  but  the  average  value  for  laboratory  practice  is  1.5 
ampere-hours. 

Using  1.75  amperes  per  electrolyte,  the  first  three  examples 
compare  the  time  of  deposition  with  air  stirring  plus  sulfamic 
acid;  air  stirring  without  sulfamic  acid;  and  no  air  stirring,  no 
sulfamic  acid,  respectively.  The  fourth  uses  urea  on  a  set  of 
boiled  nitric  acid  samples;  the  fifth  uses  starch,  illustrating  an 
additive  reagent  which  may  be  considered  as  aldehyde,  ketone, 
alcohol,  and  organic  chemical.  Example  6  represents  the  longest 
time  required  to  plate  twenty-four  samples  simultaneously  at  1 
to  1.25  amperes.  Standard-size  platinum  gauze  electrodes,  200- 
cc.  beakers,  and  110  cc.  of  electrolyte  were  used. 

The  use  of  sulfamic  acid,  with  or  without  air  stirring,  results  in 
firm  and  adherent  coats  of  metallic  copper  and  lead  peroxide. 
Recommended  procedure  is:  solution  of  the  bronze  in  nitric  acid, 
removal  of  tin  oxide,  if  any,  electrodeposition  of  copper  and  lead 
during  which  sulfuric  acid  is  added,  and  finally  addition  of  an 


aqueous  solution  of  sulfamic  acid,  lo  minutes  before  removing 
the  electrolyte.  The  amount  of  sulfamic  acid  required  is  0.25  to 
0.5  gram  (10%  aqueous  solution)  per  electrolyte. 

The  electrodeposition  of  copper  in  the  presence  of  a  very  small 
amount  of  chloride  ion  has  been  recommended  ( 1 ).  However, 
the  effectiveness  of  the  simultaneous  use  of  chloride  ion  and  sul¬ 
famic  acid  was  not  studied. 

A  complete  description  of  the  preparation  and  properties 
(S,  4,  5)  of  sulfamic  acid  may  be  found  in  the  literature. 
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Removing  Samples  of  Filtrate  without  Interrupting  Suction 

M.  S.  TELANG 

Laxminarayan  Institute  of  Technolosy,  Nagpur  University,  Nagpur,  India 


DIFFICULTIES  are  often  experienced  when  testing  for  the 
completeness  of  washing  of  a  precipitate  using  suction,  as 
there  has  been  no  simple  device  by  which  to  test  the  filtrate  with¬ 
out  disturbing  the  various  leakproof  connections.  The  apparatus 
described  here  successfully  meets  these  difficulties  and  can  be 
i  easily  prepared  from  materials  readily  available  in  a  good  labora¬ 
tory. 


3 

(Left) 

a.  Funnel  with  filter  paper  cone 

b.  Platinum  cone  filter  support 

c.  Rubber  stopper 
By-pass  tube  to  continue  suction  when 

h  is  closed 

Gooch  crucible  adapter 
Side  arm  fused  to  stem  of  adapter  to 
withdraw  collected  liquid  when  h 
is  closed 

Short  rubber  tube  with  pinchcock 
Short  rubber  tube  with  screw  pinch- 
clamp 
i.  Glass  tube 
J.  Rubber  stopper 

k.  Filter  flask 

l.  T-piece  with  pinchcock  and  rubber 

tube  to  break  vacuum 
Whole  supported  by  suitable  clamps 


Figure  1 .  Apparatus 


To  start  filtering,  g  (Figure  1)  should  be  closed,  with  h  open. 
The  filtrate  will  be  collected  in  k.  When  testing  for  completeness 
of  washing,  h  should  be  closed,  suction  being  continued  through 
by-pass  d.  After  a  sufficient  quantity  of  filtrate  has  collected  in 
the  lower  portion  of  the  adapter,  vacuum  is  temporarily  broken 
by  opening  l,  and  g  is  opened  to  withdraw  the  filtrate  collected 
in  e  and  /  into  a  test  tube  for  testing  with  the  necessary  reagent. 
If  washing  and  filtration  should  be  continued  further,  g  and  l  are 
closed  and  h  is  opened.  Since  side  arm  /  may  contain  filtrate  from 
an  earlier  washing,  at  every  opening  of  g  the  first  few  milliliters  of 
the  liquid  should  be  rejected  before  testing.  A  sufficient  quan¬ 
tity  of  filtrate  can  be  obtained  quickly  without  any  disconnec¬ 
tions. 


A  corresponding  all-glass 
apparatus,  shown  in  Figure 
2,  can  be  made  from  a  Gooch 
crucible  adapter  and  a 
three-way  stopcock  by  any 
skilled  glass  blower.  Its 
operation  is  self-evident; 
parts  corresponding  to 
those  in  Figure  1  are  in¬ 
dicated  in  Figure  2.  For 
constant  use  this  pattern  is 
more  convenient  than  that 
of  Figure  1,  and  has  the  ad¬ 
vantage  that  it  can  also  be 
used  for  Gooch  crucibles. 
The  device  can  be  used  as 
a  supplementary  piece  of 
apparatus  for  vacuum  filtra¬ 
tion  technique  (1,2). 
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Thief  for  Hard  Granular  Material 

C.  F.  BOOTH,  Phosphate  Division  Research  Department,  Monsanto  Chemical  Company,  Anniston,  Ala. 


EVERY  chemist  realizes  the  importance  of  correct  sampling, 
since  no  analysis  is  any  better  than  the  sample.  There  are 
many  conventional  methods  whereby  true  samples  may  be  ob¬ 
tained  by  continued  division  of  the  initial  material,  using  either 
the  method  of  quartering  or  mechanical  devices.  When  properly 
employed,  these  methods  give  excellent  results,  but  the  time  and 
effort  required  make  their  application  impractical  for  sampling 
material  that  has  already  been  packed  in  barrels  or  other  contain¬ 
ers.  Such  materials  are  usually  sampled  (without  removal  from 
the  container)  by  use  of  a  thief.  This  is  a  quick  and  easy  method 
for  withdrawing  a  reasonably  accurate  sample.  If  the  thief  is 
inserted  parallel  to  the  direction  of  flow  of  the  material  at  the 
time  the  container  is  filled,  the  sample  is  usually  representative 
of  the  average  for  the  material  in  the  container,  even  though  there 
may  be  considerable  variation  from  one  level  to  another. 

Unfortunately,  a  thief  of  the  conventional  design  is  not  suit¬ 
able  for  use  with  hard  granular  materials  such  as  abrasives. 
Particles  of  such  hard  materials  become  wedged  in  the  space  be¬ 
tween  the  inner  section  and  outer  section,  making  it  difficult  and 
sometimes  impossible  to  open  and  close  the  thief. 

This  difficulty  does  not  exist  with  the  type  of  thief  used  by  the 
Monsanto  Chemical  Company  in  sampling  aluminous  abrasives, 
which  might  also  be  useful  in  sampling  other  hard  granular  mate¬ 
rials.  For  many  years  Monsanto  has  tested  each  keg  of  abrasive 
after  packing.  Naturally  this  practice  makes  it  essential  to  have 
a  rapid  method  of  taking  a  representative  sample  from  each  keg. 


The  assembled  thief,  shown  in  Figure  1,  has  two  parts,  an  outer 
sheath,  A,  and  a  sampling  tube,  B.  A  is  made  of  steel  and  is 
fitted  with  handles  for  pushing  the  thief  into  the  keg.  The  out¬ 
side  diameter  is  1.0625  inches,  the  wall  thickness  is  0.09  ineh, 
and  the  length  is  28  inches.  At  the  bottom,  there  are  slots,  C, 
into  which  the  lugs,  D,  fit  when  the  thief  is  closed.  The  outer 
sheath  fits  very  loosely  over  the  sampling  tube,  B,  a  0.81-inch 
brass  tube  with  holes  for  the  entrance  of  the  sample.  The  lower 
end  of  the  sampling  tube  is  joined  to  a  hardened  steel  cone,  E. 
Figure  2  gives  a  better  view  of  the  holes  for  the  entrance  of  the 
sample.  These  openings  are  spaced  so  that  each  hole  is  0.5  inch 
in  vertical  distance  and  120°  rotational  distance  from  the  hole 
below  it.  Each  opening  is  made  by  sawing  a  narrow  horizontal 
slit  for  the  width  of  the  hole,  and  then  pressing  the  metal  in  above 
the  slit  as  shown  in  Figure  2. 

To  avoid  mashing  and  cracking  the  tube  while  pressing  these 
openings,  the  tube  is  supported  in  a  cylindrical  opening  between 
the  two  halves  Of  a  split  steel  block.  This  opening  is  of  exactly 
the  same  diameter  as  that  of  the  tube.  The  plunger  operates  in 
a  slit  at  right  angles  to  the  cylindrical  opening.  After  the  open¬ 
ings  are  pressed,  they  are  finished  by  filing.  All  burrs  should  be 
removed,  the  inside  of  the  lower  lip  of  each  opening  should  be 


Table  I 


Approximate 
Time  for 
Removing 
Sheath 
Sec. 

Test  1 

Top 

Middle 

Bottom 

5 

Test  2 

Top 

Middle 

Bottom 

30 

Test  3 

Top 

Middle 

Bottom 

10 

Test  4 

Top 

Middle 

Bottom 

30 

Abrasive  Sampling 

Grit 

Size 

Added 

% 

Found 

% 

20 

33.3 

36.9 

90 

33.3 

31.1 

46 

33.3 

32.0 

20 

33.3 

36.3 

90 

33.3 

33.5 

46 

33.3 

30.3 

90 

33.3 

43.3 

220 

33.3 

24.6 

20 

33.3 

32.1 

90 

33.3 

35.5 

220 

33.3 

32.0 

20 

33.3 

32.5 

filed  out,  and  working  through  the  next  higher  opening,  the  in¬ 
side  of  the  upper  lip  of  each  opening  should  be  dressed. 

This  type  of  opening  permits  free  and  easy  entrance  of  the 
sample  but  does  not  permit  material  to  flow  out  from  the  tube  as 
it  is  withdrawn  from  the  keg. 

When  a  sample  is  taken,  the  thief  is  first  closed  completely  with 
lugs  D  fitted  into  slots  C.  Then  point  E  is  pushed  downward  to 
the  bottom  of  the  keg  of  packed  abrasive.  A  twisting  motion  as 
well  as  pressure  is  applied  to  the  handles  on  the  outer  sheath  as 
the  thief  is  forced  into  the  keg.  Pressure  is  applied  to  the  upper 
end  of  the  sampling  tube  at  F  to  hold  it  in  place.  The  outer 
sheath  is  then  raised  gradually  and  finally  is  removed  entirely. 
Once  the  sheath  has  been  raised  a  few  inches,  the  sampling  tube 
is  held  in  place  by  pressure  of  the  abrasive  grain  around  the  top 
of  the  cone  point  and  pressure  at  F  is  no  longer  needed.  As  the 
outer  sheath  is  raised,  the  sample  enters  the  openings  in  the 
sampling  tube  as  they  become  exposed.  Finally,  the  sampling 
tube  is  withdrawn  and  the  sample  is  poured  into  the  collecting 
pan  which  is  shown  in  Figure  3.  After  each  sample  is  poured  out, 
the  sampling  tube  is  inverted  and  tapped  several  times  with  a 
drop  of  about  2  inches  to  ensure  complete  removal  of  grain  which 
might  contaminate  subsequent  samples. 

Experience  has  shown  that  a  very  rapid  removal  of  the  outer 
sheath  is  permissible  for  free-flowing  materials.  With  finer  mate¬ 
rials  which  do  not  flow  so  freely,  the  sheath  must  be  removed 
very  slowly  to  prevent  excess  sampling  from  the  top  layers. 

To  illustrate  the  accuracy  of  sampling  that  is  possible  with  this 
thief,  abrasive  kegs  were  first  filled  just  sufficiently  to  correct  for 
the  dead  space  at  the  point  of  the  thief.  Then  100  pounds  each 
of  three  different  grit  sizes  of  abrasive  were  put  into  the  keg  suc¬ 
cessively,  the  thief  was  thrust  into  the  keg,  and  a  sample  was 
withdrawn.  The  three  grit  sizes  present  in  the  sample  were 
separated  by  screening.  Table  I  gives  typical  data  which  were 
observed. 

A  comparison  of  the  data  for  tests  3  and  4  shows  the  need  for 
slow  removal  of  the  sheath  with  finer  materials  which  do  not 
flow  freely.  In  test  3  the  coarse  grit  at  the  bottom  filled  the 
thief  just  as  well  with  10  seconds’  removal  time  as  with  30  seconds. 
This  was  not  true  for  the  fine  grit  in  the  middle. 
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ANALYTICAL  CONTROL  FOR  AMMONIA 

SYNTHESIS 


MODERN  industry  often  automatically  records 
pH,  temperature,  pressure,  etc.,  for  reasons  of 
plant  efficiency,  and  analysis  of  individual  spot  samples 
is  commonly  used  in  the  control  of  an  industrial  process. 
Where  process  materials  are  gaseous  or  liquid,  methods 
of  (“ontinuous  analysis  are  often  possible,  though  these 
have  not  received  the  attention  their  importance  justi¬ 
fies.  Individual  papers  involving  continuous  analysis 
do  not  permit  the  analyst  to  include  details  which  would 
enable  readers  to  appreciate  the  over-all  advantages 
and  the  limitations  of  continuous  analysis. 

It  is  for  this  reason  that  we  take  particular  pleasure 
in  publishing  the  following  seven  articles  on  “Analyti¬ 


cal  Control  for  Ammonia  Synthesis",  prepared  by 
Earl  H.  Brown  and  co-workers  at  Tennessee  Valley 
Authority,  Wilson  Dam,  Ala.  In  these  we  have  an  ex¬ 
cellent  representation  of  development  and  application 
in  this  type  of  analysis  for  control  of  an  important  in¬ 
dustrial  process. 

Further,  to  illustrate  the  conventional  approach  of 
the  analyst  in  the  determination  of  a  specific  compound 
and  the  compromises  needed  to  develop  a  procedure  for 
continuous  recording,  two  articles  on  determining 
methyl  bromide  in  air  follow  immediately  after  the 
group  of  seven. 

L.  T.  Hallett,  Associate  Editor 


Control  Requirements  in  the  TV  A  Plant 

EARL  H.  BROWN  and  MAURICE  M.  FELGER' 


Th«  analytical  control  requirements  for  the  TV  A  synthetic  ammonia 
•  plant  are  given.  A  description  of  the  control  laboratory  and  a  flow 

sheet  of  the  process  showing  the  sample  points  are  also  included, 
with  a  table  describing  the  samples  analyzed,  constituents  deter¬ 
mined,  methods  used,  and  frequency  of  determinations. 


THERE  has  been  a  tremendous  expansion  in  the  production 
of  synthetic  ammonia  since  the  outbreak  of  World  War  II. 
The  synthetic  ammonia  plant  of  the  Tennessee  Valley  Authority 
at  Wilson  Dam,  Ala.,  one  of  the  plants  constructed  since  the  be¬ 
ginning  of  the  war,  went  into  full  production  in  September  1942. 
Miller  and  Junkins  (4)  have  described  the  modern  pressure- 
synthesis  process  employed  and  mentioned  some  of  the  methods 
developed  for  process  control. 

The  successful  operation  of  this  process  depends  upon  the 
maintenance  of  close,  reliable  analytical  control.  This  paper  de¬ 
scribes  the  control  laboratory  and  the  analytical  requirements  for 
process  control,  while  subsequent  papers  in  this  series  describe 
methods  and  instruments  for  continuous  analysis  which  have  been 
developed  by  the  TVA. 

1  Present  address,  Works  Laboratory,  General  Electric  Co.,  Fort  Wayne, 
Ind. 


DESCRIPTION  OF  CONTROL  LABORATORY 

The  central  control  laboratory  is  a  glass-walled  room,  16  feet 
wide  and  60  feet  long,  inside  the  main  building,  and  is  readily 
accessible  to  the  plant  operators.  Samples  for  the  more  impor¬ 
tant  determinations  are  brought  directly  to  the  laboratory  by 
sample  lines.  There  is  a  small  laboratory  in  the  gas  plant  in 
which  analyses  for  the  control  of  semi-water  gas  production  are 
made. 

Efficiency  and  convenience  were  emphasized  in  the  layout  and 
equipment  of  the  laboratory  in  order  to  give  the  maximum  use  of 
the  rather  limited  space  available.  The  thermal  conductivity 
cabinets  and  electroconductometric  analyzers  occupy  about  one 
third  of  the  laboratory.  One  technician  per  shift  operates  and 
services  these  units.  All  analyses  of  the  copper  solution  are 
made  at  a  separate  bench,  and  another  bench  is  used  for  the 
preparation  of  reagents  and  for  miscellaneous  analyses.  A  bank 
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of  three  Orsat  analyzers  is  located  along  one  wall 
near  the  outlets  of  the  sample  lines.  A  bench 
with  glass-blowing  equipment  is  provided  for  the 
emergency  repair  of  glass  apparatus  during  pe¬ 
riods  when  this  regular  service  is  not  available. 
A  small  storeroom  in  the  basement  below  the 
laboratory  serves  the  immediate  needs  for  chemi¬ 
cals  and  apparatus. 


PLANT  ANALYTICAL  REQUIREMENTS 


In  the  TVA  ammonia  plant  the  synthesis  mix-  r 
ture  is  derived  from  semi-water  gas  by  catalytic 
oxidation  of  most  of  the  carbon  monoxide  with 
steam,  and  subsequent  purification  of  the  hydrogen-  i 
nitrogen  mixture.  In  the  purification  process  the 
concentration  of  carbon  dioxide  is  reduced  to  ; 
about  0.7%  by  scrubbing  with  water  at  17  atmos- 
pheres  pressure.  The  residual  carbon  monoxide  I 
and  carbon  dioxide  are  removed  by  scrubbing 
with  cold  ammoniacal  copper  solution  at  121 
atmospheres.  The  ammoniacal  copper  solution 
contains  cupric  ammino,  cuprous  ammino,  am¬ 
monium,  formate,  and  carbonate  ions,  and  un¬ 
combined  ammonia.  The  gas  next  passes  through 
the  caustic  scrubbers  where  any  remaining  traces 
of  carbon  dioxide  can  be  removed  by  scrubbing 
with  sodium  hydroxide  solution.  Actually,  ow¬ 
ing  to  the  high  efficiency  of  carbon  dioxide  removal 
in  the  water  and  copper  scrubbers,  the  caustic 
scrubbers  have  not  been  operated.  The  purified 
hydrogen-nitrogen  mixture  is  fed  into  the  cir¬ 
culating  gases  of  the  synthesis  system  at  a  rate 
sufficient  to  replace  the  gas  removed  as  ammonia 
and  that  discarded  to  control  the  concentration 
of  inert  gases. 

The  laboratory  supplies  analytical  data  for  the 
control  of:  (1)  the  quality  of  the  raw  gas  and  of 
the  finished  product,  (2)  the  steam-gas  and  hy¬ 
drogen-nitrogen  ratios,  (3)  the  conversion  in  the 
water  gas  and  synthesis  converters,  (4)  the  puri¬ 
fication  of  the  hydrogen-nitrogen  mixture,  and  (5) 
the  regeneration  of  the  solution  used  for  absorb¬ 
ing  hydrogen  sulfide  from  the  semi-water  gas  and 
of  the  copper  solution  used  in  the  final  removal  of 
oxides  of  carbon  from  the  synthesis  mixture. 

A  summary  of  the  plant  analytical  require¬ 
ments  /or  the  control  of  these  factors  follows. 
The  numbers  given  in  parentheses  refer  to  the 
sample  point  designations  shown  in  Figure  1 .  The 
sample  points  on  train  1  have  odd  numbers  while 
those  on  train  2  have  even  numbers,  but  this 
system  does  not  apply  where  the  sample  point  is 
common  to  the  two  trains  comprising  the  TVA 
plant.  Sample  point  designations,  as  well  as 
the  constituents  determined  and  the  methods 

used,  are  given  in 
Table  I.  The  de- 
terminations 
marked  by  an  as¬ 
terisk  are  made  by 
special  methods  de¬ 
veloped  in  the  TVA 
t-  research  labora- 

2  tones;  these  new 

uj  developments  are 

2  described  in  sub- 

$  sequent  papers. 
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Sample  Point 
No. 


Table  I. 


Sample  Points  and  Analyses  for  Control  of  the  Ammonia-Synthesis  Process 

Constituents 

Sample  Determined  Method 


Frequency  of 
Determination 


Gas  Plant 

GS-1,  2,  3,  4  Raw  gas  from  generators 

Gas  from  blow  run 

GS-5  Raw  gas  to  soda  ash  scrubber 

GS-6  Raw  gas  from  soda  ash  scrubber 

GS-7  Soda  ash  solution  to  actifiers 

GS-8  Soda  ash  solution  from  actifiers 


GS-9  Raw  gas  in  holder  . 

GS-10  Raw  gas  from  holder,  before  blow  gas  addition 

GS-11  Blow  gas  in  holder 

GS-12  Blow  gas  from  holder 

GS-13  Boiler  feed  water 

GS-14,  16,  16,  17  Blast  gas  from  stack 
D-5  Raw  gas  to  coke  filter 

D-6  Raw  gas  from  coke  filter 

D-8AB  Raw  gas,  exit  Roots  blowers 

Hydrogen  Section 

HS-1,  2,  3,  4  Raw  gas  to  primary  converters 

HS-5,  6,  7,  8  Converted  gas  from  secondary  converters 


HS-9,  10  Raw  gas  from  saturator  towers 

HS-11,  12,  13,  14  Gas  from  primary  converters 

HS-15  Raw  gas  to  saturator,  after  blow  gas  addition 

HS-16  Converted  gas  in  holder 

HS-17  Converted  gas  to  compressors 


Purification  Section 

PS-11,  12  Converted  gas  to  water  scrubbers 

PS-13,  14  Gas  from  water  scrubbers 


PS-15,  16 
PS-17,  18 
PS-19 

Synthesis  System 
SS-19,  20 


Gas  from  copper  scrubbers 
Gas  from  caustic  scrubbers 
Vent  gas  from  breakdown  tank 

Make-up  gas  to  synthesis 


SS-21,  22 


Gas  to  ammonia  converters 


SS-23,  24  Gas  from  ammonia  converters 

SS-25,  26  Gas  at  circulators 


SS-27,  28  Gas  to  ammonia-cooled  condenser 

SS-29,  30  Bleeder  gas 


SS-31 


Purge  gas  from  degasifier 


SS-32,  33 
SS-34,  35 


Anhydrous  ammonia,  water-cooled  condenser 
Anhydrous  ammonia,  ammonia-cooled  condenser 


3S-36,  37 
3S-38 

3S-39  /  ' 

pper  Solution  System 

5s-i 


Anhydrous  ammonia  from  weigh  tanks 
Vent  gas  from  absorption  tower 
Aqua  ammonia 
;em 

Copper  solution  at  H.P.  pump  suction 


CS-2W 

CS-3S 

CS-4S 

CS-5S 

CS-6S 

CS-7S 

CS-8S 

CS-9S 

CS-10 

CS-11 


Exit  copper  scrubber 
Base  of  reflux  tower 
1st  preheater,  reflux  tower 
2nd  preheater,  reflux  tower 
1st  section,  regenerator 
2nd  section,  regenerator 
3rd  section,  regenerator 
4th  section,  regenerator 
Low-pressure  pump  suction 
From  oxidizing  tower 


Ns,  Hs,  CO2,  CO,  CH.,  Os  Orsat 

O2  Orsat 


H2S 

H2S 

HS-,  SCN-,  S2O8--,  total 
alkalinity,  H2S 
Total  alkalinity 

HS“,  SCN-,  HCO«-,  S2O8--, 
C03-~,  H2S,  total  alkalinity 
Specific  gravity 
Ns,  H2,  C02,  CO,  CH4,  O2 
Ns,  H2,  CO2,  CO,  CH4,  O2 
Ns,  H2,  CO2,  CO,  CH4,  O2 
Ns,  H2,  CO2,  CO,  CHi,  O2 
Os 

Ns,  H2,  CO2,  CO,  CHi,  O2 

Dust 

Dust 

Dust 


Tutweiler  titration 
Tutweiler  titration 
Titration 

Titration 

Titration 

Hydrometer 

Orsat 

Orsat 

Orsat 

Orsat 

Modified  Winkler 
Orsat 

Gravimetric 

Gravimetric 

Gravimetric 


Daily 

Every  8  hours  or 
as  required 
Every  2  hours 
Every  2  hours 
Every  week 

Every  2  hours 

Daily 

Daily 

As  required 
Daily  (composite) 
As  required 
Daily  (composite) 
Every  8  hours 
As  required 
Daily 
Daily 
Daily 


Steam-gas  ratio 
COs,  CO,  O2 
Hs« 

Ns,  H2,  CO2,  CO,  CHi,  O2 
Steam-gas  ratio 
CO2,  CO,  O2 
Hs 

N«,  Hs,  COs,  CO,  CH4,  Os 
Ns,  Hs,  COs,  CO,  CH4,  Os 
Hs 

Ns,  Hs,  COs,  CO,  CH4,  Os 
Ns,  Hi,  CO2,  CO,  CH4,  Os 


Volumetric 

Orsat 

Thermal  conductivity 
Orsat 

Volumetric 

Orsat 

Thermal  conductivity 

Orsat 

Orsat 

Thermal  conductivity 

Orsat 

Orsat 


Hourly 

Every  8  hours 

Continuous 

Daily 

Hourly 

Daily 

Continuous 
Every  3  days 
As  required 
Continuous 
Every  3  days 
Daily  (composite) 


Ns,  Hs,  COs,  CO,  CH4,  Os 

CO,  COs 

CO,  COs,  Os 

CO 

COs 

Ns,  Hs,  COs,  CO,  CH4,  Ns 


Orsat 

Electrical  conductivity* 
Orsat 

Electrical  conductivity* 
Electrical  conductivity* 
Orsat 


As  required 
Continuous 
Daily 

Continuous 
Continuous 
Daily  (composite) 


CO  +  COs 

Hs 

Ns,  Hs,  CH4 

H2,  NHs,  A 

Ns  +  A,  Hs,  CH4 

NHs 

NHs 

NHs 

NHs,  A 

NHs 

Ns  +  A,  Hs,  CH4 
NHs 

Ns  +  A,  H2,  CH4 
A 

NHs 
N2,  Hs 
NHs 
Oil 
Oil 

Water 
Oil,  water 
NHs 
NHs 


Electrical  conductivity* 
Thermal  conductivity 
Orsat 

Thermal  conductivity 
Orsat 

Absorption  and  titration 
Thermal  conductivity 
Absorption  and  titration 
Thermal  conductivity* 
Absorption  and  titration 
Orsat 

Absorption  and  titration 
Orsat 

Thermal  conductivity* 
Absorption  and  titration 
Orsat 

Absorption  and  titration 

Gravimetric 

Gravimetric 

Volumetric 

Same  as  SS-34,  35 

Absorption  and  titration 

Specific  gravity 


Continuous 
Continuous 
Every  3  days 
Continuous 
Every  3  days 
Daily 

Continuous 

Daily 

Continuous 

Daily 

Daily 

As  required 
As  required 
As  required 
As  required 
As  required 
As  required 
As  required 
Daily 
Daily 

As  required 
As  required 
As  required 


IN  n3  activity 

Bivalent  copper 

Cu  +  +,  Cu  +,  COs,  NHs,  HCOO 

Bivalent  copper 

Bivalent  copper 

Bivalent  copper 

Bivalent  copper 

Bivalent  copper 

Bivalent  copper 

Bivalent  copper 

Bivalent  copper 

Cu  +  +,  Cu  +,  COs,  NHs,  HCO( 

Cu  +  +,  Cu+,  COs,  NHs,  HCOC 


Electrical  conductivity* 
Photometric* 

Gravimetric  and  volumetric 

Volumetric 

Photometric* 

Volumetric 

Photometric* 

Volumetric 

Photometric* 

Volumetric 

Volumetric 

Gravimetric  and  volumetric 
Gravimetric  and  volumetric 


Continuous 

Continuous 

Daily 

As  required 
Continuous 
As  required 
Continuous 
As  required 
Continuous 
As  required 
As  required 
As  required 
As  required 


*  Special  methods  developed  in  TVA  research  laboratories. 


Gas  Plant.  Coke  is  analyzed  for  carbon,  sulfur,  and  ash; 
the  fusion  point  of  the  ash  also  is  determined.  Boiler  water 
(GS-13)  is  analyzed  in  connection  with  the  treatment  to  mini¬ 
mize  boiler  corrosion. 

Raw  gas  is  produced  by  blowing  steam  first  up  and  then  down 
through  a  hot  bed  of  coke  until  the  bed  cools;  air  is  then  blown 
through  the  bed  until  the  coke  reaches  the  proper  temperature  for 
the  repetition  of  the  steam  cycle.  (A  portion  of  the  gas  pro¬ 
duced  on  the  air  blast  is  used  to  adjust  the  nitrogen  content  of 
the  raw  gas.)  Gas  samples  from  the  various  phases  of  the  cycle, 
up-steam,  back-steam,  and  blow  runs,  are  analyzed  (GS-1,  2,  3, 
and  4)  for  hydrogen,  nitrogen,  carbon  dioxide,  carbon  monoxide, 
methane,  and  oxygen  in  order  to  check  the  quality  of  the  gas 
produced. 

The  raw  gas  is  passed  through  a  water  scrubber,  where  it  is 
cooled  and  part  of  the  dust  and  coke  breeze  is  removed,  and  then 


through  a  soda  ash  scrubber  to  remove  the  hydrogen  sulfide  pro¬ 
duced  as  a  by-product  in  the  gas-production  cycle.  The  gas  en¬ 
tering  (GS-5)  and  leaving  (GS-6)  the  hydrogen  sulfide  absorber 
is  analyzed  for  hydrogen  sulfide  to  determine  the  completeness 
of  removal.  After  absorption  of  the  hydrogen  sulfide,  the  soda 
ash  solution  is  regenerated  by  blowing  air  through  it  in  the  two 
actifier  towers.  Adjustment  of  the  composition  of  the  solution 
is  controlled  by  the  analysis  of  samples  taken  at  the  entrance 
(GS-7)  and  the  exit  (GS-8)  of  the  actifier  towers. 

The  raw  gas  from  the  hydrogen  sulfide  absorbers  contains 
considerable  dust,  most  of  which  must  be  removed  to  prevent 
excessive  clogging  of  the  hydrogen  plant  catalyst  beds.  This 
dust  is  removed  by  passage  through  a  coke  filter.  Samples 
taken  at  the  entrance  (D-5)  and  the  exit  (D-6)  of  the  coke  filter 
and  at  the  entrance  to  the  hydrogen  system  (D-8AB)  are  ana¬ 
lyzed  for  dust  as  a  check  on  the  operation  of  the  filter  and  of  the 
gas  generators. 
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Figure  2.  General  View  of  Control  Laboratory 


Hydrogen  Plant.  The  hydrogen-nitrogen  ratio  in  the  raw 
gas  is  maintained  slightly  above  3  to  1  by  proper  operation  of  the 
gas-production  cycle  at  the  gas  plant.  The  final  adjustment  to 
a  ratio  of  3  to  1  is  made  after  the  gas  has  passed  through  the  raw 
gas  holder  on  its  way  to  the  hydrogen  plant  by  adding  the  required 
amount  of  blow  gas  (GS-12),  which  is  high  in  nitrogen.  This 
blow  gas  is  obtained  from  the  blow  gas  holder  in  which  part  of 
the  gas  produced  on  the  blow7  runs  at  the  gas  generators  is  stored. 
The  amount  of  blow  gas  to  be  added  is  determined  by  continuous 
analyses  for  hydrogen  at  several  points  in  the  hydrogen  and  syn¬ 
thesis  systems  (HS-5,  6,  7,  8,  15,  and  17;  SS-19,  20,  21,  and  22). 

After  adjustment  of  the  hydrogen-nitrogen  ratio,  the  raw  gas 
is  passed  through  hot  water  in  the  saturator  tower  where  it  is 
diluted  by  about  one  volume  of  steam  per  volume  of  gas  (HS-9 
and  10).  The  ratio  of  steam  to  gas  is  then  further  increased  to 
about  3  to  1  by  the  addition  of  the  proper  amount  of  live  steam. 
The  steam-gas  ratio  is  determined  frequently  (HS-1,  2,  3,  and  4), 
since  rapid  fluctuations  may  result  from  changes  in  gas  flow  rate 
or  steam  pressure.  The  steam-gas  mixture  then  passes  succes¬ 
sively  through  two  catalyst  chambers  in  which  the  steam  and 
carbon  monoxide  react  to  form  hydrogen  and  carbon  dioxide. 
The  converted  gases  leaving  the  primary  (HS-11,  12,  13,  and  14) 
and  the  secondary  (HS-5,  6,  7,  and  8)  converters  are  analyzed  for 
carbon  monoxide  and  carbon  dioxide  to  determine  the  operating 
efficiency  of  the  catalyst. 

Purification  System.  The  converted  gas  leaving  the  hydro¬ 
gen  plant  contains  large  amounts  of  carbon  dioxide  and  some  un¬ 
converted  carbon  monoxide,  both  of  which  must  be  removed. 
Most  of  the  carbon  dioxide  is  removed  by  passing  the  gas  under 
pressure  through  a  water  scrubber.  The  carbon  dioxide  content 
of  the  effluent  gas  (PS-13  and  14)  is  determined  continuously,  and 
the  results  are  used  in  control  of  the  amount  of  water  pumped  to 
the  scrubbers.  The  water  from  the  scrubbers  is  released  to  at¬ 
mospheric  pressure  in  a  breakdown  chamber,  and  the  gas  re¬ 
leased  (PS-19)  is  analyzed  for  carbon  dioxide,  hydrogen,  and  ni¬ 
trogen  to  determine  the  amount  of  hydrogen  and  nitrogen  lost, 
by  solution  in  the  scrubbing  water. 

After  passing  through  the  water  scrubber,  the  gas  is  further 
compressed  and  is  passed  through  the  copper  scrubber,  where  the 
unconverted  carbon  monoxide  and  residual  carbon  dioxide  are 
removed  by  absorption  in  ammoniacal  copper  solution.  Since  it 
is  very  important  that  no  appreciable  amount  of  the  oxides  of  car¬ 
bon  enter  the  synthesis  system,  the  gas  from  the  copper  scrubber 
is  analyzed  continuously  for  these  oxides  at  several  points  (PS- 
15,  16, 17,  and  18;  SS-19  and  20).  The  gas  entering  the  scrubber 


is  also  analyzed  continuously  for  carbon  monoxide  (PS-13  and  14.) 
the  results  are  used  to  determine  the  rate  of  circulation  of  copper 
solution  necessary  to  ensure  complete  absorption. 

Synthesis  System.  Gases  in  the  synthesis  system  circulate 
through  a  converter,  where  part  of  the  hydrogen-nitrogen  mix¬ 
ture  is  converted  to  ammonia;  through  two  condensers,  where 
most  of  the  ammonia  produced  is  liquefied  and  removed  from 
the  system;  and  through  a  filter,  w7here  the  make-up  gas  from 
the  purification  system  is  added.  The  circulating  gas  is  ana¬ 
lyzed  continuously  (SS-21,  22,  23,  24,  25,  and  26)  to  check  the 
efficiency  of  the  converter  and  condensers. 

Argon  and  methane,  minor  constituents  of  the  raw  gas,  are 
not  removed  in  any  of  the  plant  processes  and  their  concentra¬ 
tion  builds  up  in  the  circulating  synthesis  gas.  Therefore,  suffi¬ 
cient  gas  is  bled  to  the  atmosphere  to  hold  the  concentration  of 
these  inert  gases  below7  a  fixed  value.  Analyses  for  argon  and 
methane  are  made  (SS-21,  22,  25,  26,  and  30)  to  determine  the 
amount  of  gas  to  be  bled. 

The  ammonia  liquefied  in  the  condensers  collects  in  separators 
and  goes  into  storage  tanks.  Analyses  for  oil  and  water  are  made 
(SS-32,  33,  34,  and  35)  to  determine  the  quality  of  the  product. 

Copper  Regeneration  System.  The  principal  constituents 
of  the  copper  solution  used  in  the  purification  system  are  bivalent 
and  monovalent  copper,  ammonia,  formic  acid,  carbon  dioxide, 
and  water.  The  carbon  dioxide  and  carbon  monoxide  absorbed 
in  the  scrubbers  are  removed  by  circulating  the  solution  through 
a  regeneration  system  at  an  elevated  temperature.  Some  un¬ 
avoidable  loss  of  ammonia  by  evaporation  and  formic  acid  by 
decomposition  also  occurs.  Periodic  analyses  of  the  copper 
solution  are  made  (CS-1)  to  determine  the  magnitude  of  these 
changes  in  composition,  so  that  proper  adjustments  can  be  made. 
The  effective  ammonia  content  (ammonia  activity)  is  determined 
continuously  (CS-1). 

The  copper  in  the  solution  is  present  both  as  cupric  and  cuprous 
ammino  complex  ions.  The  cuprous  complex  ion  absorbs  carbon 
monoxide,  and  the  cupric  complex  ion  prevents  precipitation  of 
metallic  copper.  A  continuous  analysis  for  the  bivalent  copper 
content  is  made  at  four  points  in  the  regeneration  system  (CS-1 . 
3,  5,  and  7).  These  analyses  are  used  to  determine  the  amount  of 
air  and  the  temperature  to  be  used  in  the  oxidation  of  the  copper 
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Determination  of  Oxides  of  Carbon  in  Hydrogen-Nitrogen 

Mixtures 

Continuous  Determination  of  Minute  Concentrations  by  Electroconductivity 

EARL  H.  BROWN  and  MAURICE  M.  FELGER 


An  electroconductomatric  analyzer  foi  the  continuous,  separate,  or 
simultaneous  determination  of  carbon  dioxide  and  carbon  monoxide 
in  concentrations  of  0  to  100  p.p.m.  in  hydrogen-nitrogen  mixtures 
and  the  application  of  the  analyzer  to  the  analytical  control  of  the 
TVA  synthetic  ammonia  plant  are  described.  An  absorption- 
conductivity  cell  of  new  design  and  a  recording  alternating  current 
Wheatstone  bridge  are  employed.  Carbon  monoxide,  after  oxida¬ 
tion  by  an  improved  iodine  pentoxide  reagent,  is  determined  as 
carbon  dioxide.  Full  operating  details  are  given. 

THE  gas-purification  system  of  the  TVA  synthetic  ammonia 
plant  has  been  described  by  Miller  and  Junkins  (18).  The 
present  paper  describes  in  detail  the  method  by  which  the  purity 
of  the  synthesis  mixture  is  controlled  with  respect  to  the  oxides 
of  carbon. 

The  hydrogen-nitrogen  mixture  produced  by  the  catalytic  re¬ 
action  of  semi-water  gas  with  steam  contains  a  large  concentra¬ 
tion  of  carbon  dioxide  and  a  small  concentration  of  unconverted 
carbon  monoxide.  These  oxides  of  carbon  are  removed  by  pass¬ 
ing  the  converted  semi-water  gas  through  two  scrubbing  towers 
under  pressure.  In  the  first  tower,  water  removes  about  98% 
of  the  carbon  dioxide,  and  in  the  second,  ammoniacal  copper  solu¬ 
tion  reduces  the  concentration  of  each  oxide  to  5  p.p.m.  or  less. 
Since  both  carbon  dioxide  and  carbon  monoxide  poison  the  syn¬ 
thesis  catalyst,  it  is  necessary  to  have  a  continuous  and  rapid 
indication  of  their  concentrations,  so  that  gas  containing  harmful 
concentrations  may  be  vented  and  corrective  measures  taken. 
For  analytical  control  purposes,  an  analyzer  was  desired  for  the 


continuous,  separate,  or  simultaneous  determination  of  carbon 
dioxide  and  carbon  monoxide  in  concentrations  of  0  to  100  p.p.m 

Berger  and  Schrenk  (4)  described  completely  various  methods 
for  the  detection  and  determination  of  carbon  monoxide.  Only 
two  of  these  methods  appear  practical  for  the  continuous  deter¬ 
mination  of  low  concentrations  of  carbon  monoxide  in  large  con¬ 
centrations  of  hydrogen.  The  Bureau  of  Mines  ( 1 &)  developed 
an  analyzer  for  the  determination  of  small  concentrations  of 
carbon  monoxide  in  air  by  measurement  of  the  temperature  in¬ 
crease  resulting  from  the  oxidation  of  the  carbon  monoxide  in  the 
presence  of  the  catalyst  Hopcalite.  The  analyzer  was  found 
suitable  for  the  determination  of  carbon  monoxide  in  hydrogen 
(12),  provided  the  sample  was  diluted  with  a  small,  fixed  propor¬ 
tion  of  air  prior  to  its  introduction  into  the  apparatus.  This 
method  was  not  suitable  for  application  to  ammonia-synthesis 
gas,  however,  because  it  was  not  adaptable  to  the  determination 
of  carbon  dioxide. 

Methods  based  on  the  oxidation  of  carbon  monoxide  by  iodine 
pentoxide  are  numerous  ( 1 ,  3,  .9,  10,  11,  14,  15,  17,  18).  The  con¬ 
centration  of  carbon  monoxide  is  calculated  from  the  quantity 
of  carbon  dioxide  formed  or  iodine  liberated  by  a  given  volume 
of  gas.  The  quantity  of  iodine  liberated  is  determined  by  absorp¬ 
tion  in  potassium  iodide  solution  and  titration  with  sodium 
thiosulfate.  The  carbon  dioxide  generally  is  absorbed  in  an  al¬ 
kaline  solution  and  the  quantity  determined  by  titration  or  other 
methods. 

In  Baldewyns’  method  (2)  the  gas  sample  is  passed  through  a 
purification  and  oxidation  train  in  which  the  carbon  monoxide 
is  oxidized  with  iodine  pentoxide.  The  resulting  carbon  dioxide 
is  then  passed  into  an  electrolytic  cell  containing  a  definite  volume 
of  0.005  N  barium  hydroxide  solution.  This  cell  and  a  reference 
cell  containing  barium  hydroxide  solution  of  the  same  concentra¬ 
tion  are  made  the  arms  of  a  Wheatstone  bridge  with  a  Kohlrausch 
slide-wire  as  the  indicating  instrument.  The  concentration  of 
carbon  monoxide  is  determined  from  the  bridge  readings  and  the 
volume  of  gas  used.  The  instalment  is  calibrated  empirically. 


Figure  1.  Carbon  Monoxide  Analyzer 
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This  electroconductivity  method  was  adapted  to  the  continuous 
determination  of  carbon  monoxide  in  hydrogen-nitrogen  mixtures 
in  the  production  of  synthetic  ammonia  (8).  The  train  was 
modified  by  the  addition  of  a  by-pass  arrangement,  so  that  carbon 
monoxide  and  carbon  dioxide  could  be  determined  singly  or  to¬ 
gether.  A  recording  alternating  current  Wheatstone  bridge  was 
used  for  indicating  and  recording  the  ratios  of  the  resistance  of 
the  measuring  cell  to  the  resistance  of  the  reference  cell.  This 
method  has  the  obvious  disadvantage  that  it  does  not  give  a  di¬ 
rect  indication  of  the  concentration,  because  the  continuous  use 
of  the  same  electrolyte  gives  a  progressively  higher  bridge  read¬ 
ing.  The  concentration  of  carbon  monoxide  at  any  given  time  is 
calculated  from  the  slope  of  the  curve  drawn  by  the  recorder. 

An  electroconductometric  analyzer  for  the  continuous  deter¬ 
mination  of  carbon  dioxide  in  gas  mixtures,  which  employs  a 
continuous  flow  of  both  gas  and  electrolyte  through  the  absorp- 


Above.  First  run.  Below.  Check  run.  Test  gas,  mixtures  of  air  and 
nitrogen.  Electrolyte,  0.001  N  barium  hydroxide 


tion-conductivity  cell  as  well  as  a  recording  Wheatstone  bridge, 
is  described  by  Smith  (16).  The  White  (19)  aspirator  method 
is  used  to  control  the  ratio  of  gas  flow  to  electrolyte  flow.  This 
cell  has  two  disadvantages:  (1  j  it  is  neither  rugged  nor  compact,  | 
and  (2)  the  accuracy  of  the  gas-electrolyte  ratio  is  seriously  im-  , 
paired  if  the  apparatus  is  subjected  to  vibration  (16). 

As  none  of  these  methods  appeared  entirely  satisfactory  for  con¬ 
tinuous  control  of  the  purity  of  the  synthesis  mixture  in  the  am¬ 
monia  plant,  the  method  described  below  was  developed  and 
applied  to  the  control  of  the  TVA  ammonia  plant. 

OPERATING  PRINCIPLE 

The  analyzer  developed  consists  of  a  preparation  train,  an 
absorption-conductivity  cell,  and  an  indicating  and  recording 
alternating  current  Wheatstone  bridge.  The  preparation  train 
removes  traces  of  interfering  gases  and  its  construction  is  such 
that,  by  the  proper  adjustment  of  stopcocks,  the  analyzer  may 
be  used  to  determine  carbon  dioxide,  carbon  monoxide,  or  total 
carbon  dioxide  and  carbon  monoxide.  The  carbon  monoxide  is 
oxidized  by  an  iodine  pentoxide  reagent  and  determined  as  carbon 
dioxide.  In  the  absorption-conductivity  cell  the  electrolyte, 
0.001  N  barium  hydroxide,  flows  past  a  pair  of  reference  elec¬ 
trodes,  meets  and  reacts  with  the  carbon  dioxide  in  the  gas,  and 
then  flows  past  a  pair  of  measuring  electrodes. 

The  rates  of  gas  and  electrolyte  flow,  as  well  as  the  temperature 
of  the  absorption-conductivity  cell,  are  maintained  constant. 
Thus,  the  resistance  of  the  electrolyte  between  the  reference 
electrodes,  RT,  remains  constant,  while  the  resistance  of  the 
solution  between  the  measuring  electrodes,  Rm,  varies  with  the 
concentration  of  carbon  dioxide.  The  electrode  pairs  are  ap¬ 
proximately  the  same  size  and  shape.  The  distance  between  the 
measuring  electrodes  is  adjusted  so  that  the  ratio  Rm/Rr  is  1.0 
when  the  concentration  of  carbon  dioxide  is  0.  The  electrode 
pairs  serve  as  the  arms  of  a  recording  alternating  current  Wheat¬ 
stone  bridge,  as  shown  in  Figure  1.  In  this  circuit  the  A  and  B 
end  coils  have  the  same  resistance,  and  a  jumper  is  connected 
between  the  alternating  current  source  and  the  B  end-coil  end 
of  the  slide-wire.  Thus  the  bridge  gives  a  linear  indication  of 
the  ratio  Rm/Rr  with  the  ratio  1.0  at  the  zero  end  of  the  recorder 
scale.  The  upper  limit  of  the  recorder  indication  depends  on  the 
relative  resistances  of  the  end  coils  and  the  slide-wire.  This 
limit  is  given  by  the  formula: 

j^jo  resistance  of  A  end  coil  +  resistance  of  slide-wire 
resistance  of  B  end  coil 

Should  the  recorder  fail  to  operate  properly,  the  absorption- 
conductivity  cell  is  connected  to  a  manually  operated  Kohl- 
rausch  slide-wire  and  galvanometer  by  means  of  a  triple-pole, 
double-throw  switch. 

Since  the  conductivity  of  the  barium  hydroxide  electrolyte  is 
less  after  reaction  with  carbon  dioxide,  the  resistance  of  the  solu¬ 
tion  between  the  measuring  electrodes,  and  hence  the  value  of  the 
ratio  Rm/RT,  increases  as  the  concentration  of  carbon  dioxide 
increases.  The  analyzer  is  calibrated  empirically  with  gas  mix¬ 
tures  of  known  carbon  dioxide  content,  and  the  recorder  scale  is 
graduated  to  show  the  ratio  value  directly  as  parts  per  million 
of  carbon  monoxide  or  carbon  dioxide. 

Figure  2  show's  a  calibration  curve  and  a  subsequent  check 
thereof.  The.  several  concentrations  are  represented  by  vertical 
lines.  It  should  be  noted  that  the  recorder  pen  returned  to  its 
original  position  when  the  carbon  dioxide  of  the  test  gas  wras  re¬ 
duced  to  zero. 

The  accuracy  of  the  method  depends  on  the  accuracy  of  the  ac¬ 
cepted  value  for  the  carbon  dioxide  content  of  air  which  wras  em¬ 
ployed  for  the  calibration. 

Frequent  checks  indicate  a  precision  of  at  least  3  p.p.m.  over 
the  range  indicated. 
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Figure  3.  Electroconductometric  Gas  Analyzers 


The  complete  analyzer  is  shown  in  Figure  1.  The  pressure 
stabilizer,  P  (6),  gives  a  constant  operating  pressure  and  is  ad¬ 
justed  so  that  the  rate  of  leakage  around  the  piston  reduces  the 
time  lag  in  the  sample  line  to  15  seconds  or  less.  Valve  V  and 
flowmeter  F  are  used  to  regulate  the  rate  of  gas  flow  through  the 
train.  The  sulfuric  acid  scrubber,  D,  removes  the  ammonia 
picked  up  by  the  gas  from  the  ammoniacal  copper  solution. 
The  potassium  hydroxide-Ascarite  tube,  H,  removes  any  carbon 
dioxide  that  may  be  present,  and  the  gas  is  dried  in  the  phos¬ 
phorus  pentoxide  tube,  J.  Stopcocks  Si  and  S3  allow  the  gas 
to  by-pass  the  potassium  hydroxide-Ascarite  tube,  H,  and  the 
iodine  pentoxide  oxidation  tube,  I,  respectively,  when  carbon 
dioxide  is  being  determined.  The  carbon  monoxide  is  oxidized 
to  carbon  dioxide  in  I,  and  the  liberated  iodine  is  absorbed  in  the 
potassium  iodide  scrubber,  M. 

Stopcock  Sa  allows  the  gas  flow  to  be  diverted  through  potas¬ 
sium  hydroxide-Ascarite  tube,  L,  and  the  resulting  carbon  diox¬ 
ide-free  gas  is  used  in  the  adjustment  of  the  zero  point  of  the 
analyzer.  From  M  the  gas  goes  to  the  absorption-conductivity 
cell. 

The  absorption-conductivity  cell  is  both  rugged  and  compact 
and  is  not  affected  by  vibration.  It  is  constructed  of  Pyrex  ex¬ 
cept  for  the  electrodes  and  the  wire  used  to  regulate  the  flow  of 
electrolyte  and  is  operated  in  a  constant-temperature  bath. 
The  electrodes  are  platinized  platinum  rings,  15  mm.  in  diameter, 
5  mm.  wide,  and  0.2  mm.  thick.  The  electrolyte,  0.001  N  barium 
hydroxide,  flows  from  a  constant-head  feed  tank  through  N 
to  coil  I  where  it  comes  to  a  constant  temperature,  up  through  the 
capillary  flow  regulator,  R,  and  down  into  the  bottom  of  the  elec¬ 
trode  chamber,  Cr,  where  it  flows  past  the  reference  electrodes, 
E,.  As  the  electrolyte  flows  from  CT  to  the  lower  end  of  the 
absorption  coil,  T,  it  is  joined  through  U  by  the  gas  stream  from 
the  preparation  train.  The  carbon  dioxide  and  electrolyte  react 
while  rising  through  T  and  pass  into  the  electrode  chamber,  Cm. 
The  gas  leaves  at  the  exit  tube,  W,  and  the  electrolyte  flows  past 
the  measuring  electrodes,  Em,  and  leaves  the  cell  through  the 
overflow  tip,  X. 

OPERATING  PROCEDURE 

Operating  conditions  for  the  analyzer  for  determination  of 
minute  concentrations  of  carbon  monoxide  and  carbon  dioxide  are: 


Electrolyte  0.001  N  barium  hydroxide 

Electrolyte  flow  rate  15  ml.  per  minute 

Gas  flow  rate  8  liters  per  hour 

Electrode  spacing  About  25  mm. 

Cell  temperature  Constant;  between  28°  and  32°  C. 

Bridge  end-coil  resistance  600  ohms 

Bridge  slide-wire  resistance  60  ohms 

Temperature  of  iodine 

pentoxide  reagent  100°  to  105°  C. 

The  analyzer  is  placed  in  operation  as  follows: 

The  electrolyte  is  started  flowing  through  the  absorption-con¬ 
ductivity  cell  at  approximately  the  correct  rate,  and  gas  is  started 
through  the  analyzer  at  8  liters  per  hour.  The  flow  of  the  elec¬ 
trolyte  is  regulated  to  15  ml.  per  minute  by  adjusting  the  wire  in 
the  capillary  flow  regulator,  R  (Figure  1).  The  gas  is  passed 
through  absorption  tube  L,  and  the  measuring  electrodes  of  the 
absorption-conductivity  cell  are  adjusted  by  screw  Y,  so  that  the 
recorder  indicates  zero.  Stopcock  St  is  then  turned  180°,  placing 
the  analyzer  in  operation. 

In  the  determination  of  carbon  monoxide  alone,  stopcocks  Si 
and  S3  are  turned  so  that  the  gas  passes  through  the  carbon  di¬ 
oxide-removal  tube,  H,  and  the  oxidation  tube,  I.  The  oxida¬ 
tion  tube  is  maintained  at  100°  to  105°  C.  by  a  small,  cylindrical 
electric  furnace  controlled  by  a  variable  transformer.  If  car¬ 
bon  dioxide  alone  is  to  be  determined,  stopcocks  Si  and  S3  are 
turned  180°,  so  that  H  and  I  are  by-passed.  Only  H  is  by¬ 
passed  in  the  determination  of  total  carbon  dioxide  and  carbon 
monoxide. 

Daily  checks  are  made  of  the  rate  of  electrolyte  flow  and  the 
recorder  zero,  and  adjustments  are  made  when  necessary.  The 
activity  of  the  iodine  pentoxide  reagent  is  checked  daily  by  de¬ 
termining  the  response  of  the  recorder  to  injections  of  known 
volumes  of  carbon  monoxide ;  exit  gas  from  the  water  scrubbers 
(about  2%  carbon  monoxide)  is  introduced  into  the  analyzer  by 
means  of  the  special  cross-bore  stopcock,  S2  (5).  The  10%  po¬ 
tassium  iodide  solution  requires  replacement  about  every  third 
day,  but  the  reagents  in  the  other  units  of  the  train  retain  their 
activity  3  to  4  weeks.  The  0.001  N  barium  hydroxide  electrolyte 
is  standardized  by  electroconductance. 
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PREPARATION  OF  IODINE  PENTOXIDE  REAGENT 

The  iodine  pentoxide  reagent  must  completely  oxidize  low  con¬ 
centrations  of  carbon  monoxide  at  comparatively  low  tempera¬ 
tures  in  the  presence  of  about  75%  hydrogen  and  in  addition  must 
maintain  its  activity  for  a  long  period.  The  following  procedure, 
using  reagent-grade  chemicals,  gives  a  reagent  that  has  an  active 
life  of  30  to  40  days. 

Seventy  grams  of  calcined,  crushed  insulating  brick  (Arm¬ 
strong  A-25;_  —  9  +14  mesh)  are  added  to  a  solution  containing 
100  grams  of  iodine  pentoxide  and  4  grams  of  vanadium  pentoxide. 
The  mixture  is  evaporated  to  dryness  over  a  steam  bath,  with 
frequent  stirring  during  the  latter  part  of  the  evaporation.  This 
material  is  then  oven-dried  for  several  hours  at  125°  to  130°  C. 
The  oxidation  tube,  which  holds  about  50  grams,  is  filled  with  the 
oven-dried  reagent  and  placed  in  the  activation  train.  Activa¬ 
tion  is  accomplished  by  passing  purified  air  through  the  sample 
as  the  temperature  is  gradually  raised  to  220°  C.  The  air  is 
purified  by  passage  through  three  scrubbers  containing  concen¬ 
trated  sulfuric  acid,  solid  potassium  hydroxide  pellets,  and  phos¬ 
phorus  pentoxide,  respectively.  The  reagent  is  maintained  at 
-20  <3.  for  about  8  hours  and  is  allowed  to  cool  in  a  current  of 
purified  air,  after  which  it  is  ready  for  use  or  for  temporary 
storage.  The  tube  must  be  tightly  sealed  during  storage.  The 
activated  reagent  has  a  bright  orange  color  and  the  spent  reagent 
a  brown  color.  The  spent  reagent  is  prepared  for  re-use  by  sus¬ 
pending  it  in  water,  evaporating  to  dryness,  oven-drying,  and 
activating  as  previously  described. 

APPLICATION  TO  PLANT  CONTROL 

Two  complete  analyzers  are  required  to  serve  the  two  produc¬ 
tion  trains  in  the  TVA  ammonia  plant.  Figure  3  shows  the  con¬ 
trol  laboratory  installation  of  analyzers  (except  for  control  desk 
and  recorders)  for  the  determination  of  low  concentrations  of  car¬ 
bon  dioxide,  carbon  monoxide,  or  mixtures  of  the  two  in  the  puri¬ 
fied  hydrogen-nitrogen  mixture  from  one  production  train. 

At  the  left  is  the  constant-temperature  bath  containing  the 
absorption-conductivity  cells.  To  the  right,  at  the  end  of  the 
bath,  are  the  preparation  trains.  The  short  (front)  train  is  used 
in  the  determination  of  carbon  dioxide  in  the  gas  from  the  caustic 
scrubber,  sample  point  PS- 17  (see  flow  sheet  in  7  for  specified 
sample  points),  and  the  second  train  is  used  to  determine  total 
carbon  dioxide  and  carbon  monoxide  in  the  make-up  gas  to  the 


synthesis  system,  sample  point  55-19.  The  third  and  fourth 
trains  are  used  in  the  determination  of  carbon  monoxide  in  the 
gas  leaving  the  copper  scrubbers,  sample  point  PS-15;  while 
one  train  is  in  service,  the  other  is  kept  in  stand-by  condition. 

This  system  of  analytical  control  has  been  in  operation  for  more 
than  2  years  in  the  TVA  ammonia  plant  and  has  proved  very  1 
effective  in  preventing  poisoning  of  the  synthesis  catalyst  by  j 
oxides  of  carbon. 
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Continuous  Determination  of  Ammonia  Activity 

in  Ammoniacal  Solutions 

EARL  H.  BROWN,  JAMES  E.  CLINE,  MAURICE  M.  FELGER,  and  R.  BOWEN  HOWARD,  JR. 


IN  THE  TVA  synthetic  ammonia  plant,  an  ammoniacal 
“copper  solution”  (3)  is  employed  for  the  removal  of  harmful 
impurities,  such  as  carbon  monoxide,  carbon  dioxide,  and  oxygen, 
from  the  synthesis  gas.  The  solution  contains  cupric  ammino, 
cuprous  ammino,  ammonium,  formate,  and  carbonate  ions,  as 
well  as  uncombined  ammonia.  There  is  a  range  of  concentra¬ 
tions  of  uncombined  ammonia  below  which  the  removal  of  car¬ 
bon  dioxide  from  the  synthesis  gas  is  incomplete  and  above  which 
the  loss  of  ammonia  is  excessive  during  regeneration  of  the  copper 
solution.  The  uncombined  ammonia  is  an  important  factor  also 
in  maintaining  the  copper  complexes  necessary  for  the  complete 
removal  of  carbon  monoxide.  The  concentration  of  uncom¬ 
bined  ammonia  cannot  be  calculated  accurately  from  chemical 
determinations  of  the  components  in  the  copper  solution,  how¬ 
ever,  for  there  are  several  equilibriums  involved  which  have  not 
yet  been  determined  precisely. 


An  empirical  formula  based  on  five  analytical  determinations — 
total  ammonia,  formic  acid,  carbon  dioxide,  and  monovalent  and 
bivalent  copper — was  employed,  prior  to  the  development  of  the 
present  method,  to  give  a  value  related  to  uncombined  ammonia 
for  plant  control.  The  utilization  of  the  empirical  formula  had 
several  disadvantages.  Values  with  no  strong  theoretical  founda¬ 
tion  were  obtained,  many  analytical  determinations  were  neces¬ 
sary,  and  considerable  time  was  required  before  the  results  could 
be  reported  to  the  plant  operators.  This  paper  describes  the  de¬ 
velopment  and  application  of  an  instrument  that  gives  rapid  and 
continuous  information  regarding  the  uncombined  ammonia  in 
the  copper  solution. 

THEORETICAL  CONSIDERATIONS 

The  thermodynamic  activity  of  ammonia  was  selected  as  the 
function  of  the  uncombined  ammonia  to  be  determined,  because 
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A  method  for  the  automatic,  continuous  determination  of  the 
thermodynamic  activity  of  ammonia  in  ammoniacal  solutions  is 
based  on  the  linear  relationship  between  ammonia  activity  and 
vapor  pressure  of  ammonia  over  the  solution.  A  constant  flow  of 
inert  gas  is  brought  to  equilibrium  with  the  flowing  solution  at  a  given 
temperature  and  the  concentration  of  ammonia  in  the  saturated  gas 
is  determined.  The  ammonia  activity  is  an  important  factor  in  main¬ 
taining  the  efficiency  of  the  ammoniacal  copper  solution  used  in  the 
TVA  ammonia  plant  for  absorbing  the  oxides  of  carbon  and  other 
harmful  impurities  from  the  synthesis  gas. 


the  activity  is  easily  measured  and  is  directly  related  to  the  effect 
of  the  ammonia  on  any  equilibrium  of  components  in  the  copper 
solution.  The  concept  of  activity  was  introduced  by  Lewis  and 
Randall  (S ) .  In  an  ideal  solution  the  activity  is  equal  to  the  con¬ 
centration,  and  either  can  be  used  for  calculating  equilibrium 
constants,  partial  molal  free  energies,  or  other  thermodynamic 
functions.  In  any  solution,  ideal  or  nonideal,  at  a  given  tem¬ 
perature  the  activity  of  a  component  is  defined  by  the  equation : 

a  =  f/r  (1) 

where  a  is  the  activity  of  the  component  in  solution;  /,  the  fu- 
gacity  of  the  component  in  the  vapor  phase  in  equilibrium  with 
the  solution;  and/°,  the  fugacity  of  the  component  in  the  vapor 
phase  in  equilibrium  with  the  standard  state.  The  standard  state 
often  is  taken  to  be  the  pure  liquid  component.  To  simplify 
the  calibration  procedure,  however,  the  ammonia  activity  in  a 
normal  ammonium  hydroxide  solution  was  set  as  unity  in  this 
work.  Activity  referred  to  any  other  standard  state  can  be  cal¬ 
culated  from  fugacity  data. 

With  partial  pressures  of  ammonia  less  than  atmospheric, 
pressure  can  be  substituted  for  fugacity  in  Equation  1  [for  am¬ 
monia  at  1  atmosphere  and  25°  C.,  the  ratio  of  fugacity  to  pres- 


Figure  1 .  Schematic  Diagram  of  Ammonia  Activity  Analyzer 


sure  is  0.99  (4)].  Using  partial  pressures  and  the  chosen  stand¬ 
ard  state,  the  following  equation  results: 

onh,  =  p/p°  (2) 

where  aNH3  is  the  ammonia  activity  of  the  solution;  p,  the  par¬ 
tial  pressure  of  ammonia  over  the  solution;  and  p°,  the  partial 
pressure  of  ammonia  over  normal  ammonium  hydroxide  at  the 
same  temperature.  By  means  of  Equation  2  the  activity  of  am¬ 
monia  in  the  copper  solution  can  be  determined  directly  by  meas¬ 
urement  of  the  partial  pressure  of  ammonia  in  equilibrium  with 
the  solution. 


DESCRIPTION  OF  APPARATUS 

The  basic  design  of  the  apparatus  for  continuous  recording  of 
the  ammonia  activity  is  shown  in  Figure  1.  A  gas,  chemically  in¬ 
ert  to  the  copper  solution,  passes  through  a  pressure  stabilizer  and 
a  flowmeter  at  a  constant  rate,  and  becomes  saturated  with  am¬ 
monia  and  other  vapors  as  it  bubbles  through  the  copper  solution 
in  a  gas  saturator  immersed  in  a  thermostat.  The  copper  solu¬ 
tion  flows  through  the  gas  saturator  at  a  rate  great  enough  to 
prevent  significant  alteration  of  the  composition  of  the  solution 
by  loss  of  vapors  to  the  gas  stream.  The  saturated  gas  passes 
into  an  electroconductivity  cell  ( 1 )  where  the  ammonia  is  ab¬ 
sorbed  by  dilute  acid  flowing  at  a  constant  rate.  The  ammonia 
content  of  the  gas  affects  the  conductivity  of  the  acid,  which  is 
measured  by  a  recording  alternating  current  Wheatstone  bridge 

to. 

The  inert  gas  used  to  carry  the  ammonia  vapor  is  purified  syn¬ 
thesis  gas,  consisting  of  hydrogen,  nitrogen,  argon,  and  methane. 
This  gas  is  used  because  of  its  ready  availability  in  the  control 
laboratory  and  because,  by  pressure  scrubbing  with  the  copper 
solution,  it  has  been  freed  of  impurities  which  react  with  the  solu¬ 
tion. 

The  piston-type  pressure  stabilizer  used  in  this  work  to  main¬ 
tain  a  constant  flow  of  inert  gas  operates  more  smoothly  and  re¬ 
liably  than  the  usual  type,  which  allows  gas  to  escape  through  a 
constant  head  of  liquid.  The  piston  of  the  stabilizer  (Figure  2) 
fits  into  the  cylinder  with  a  clearance  of  about  0.075  mm.  (0.003 
inch)  and  is  supported  by  the  pressure  of  the  gas  within  the 
chamber;  excess  gas  leaks  out  between  the  piston  and  cylinder. 
Except  for  slight  frictional  losses,  the  pressure  head  of  the  gas  in 
the  chamber,  under  equilibrium  conditions,  is  equal  to  the  weight 
of  the  piston  divided  by  the  horizontal  cross-sectional  area  of  the 
chamber.  When  the  flow  of  incoming  gas  varies,  the  vertical 
movement  of  the  piston  alters  the  resistance  to  gas  leakage  be¬ 
tween  the  piston  and  cylinder  and  automatically  stabilizes  the 
pressure  within  the  chamber.  Because  of  piston  inertia,  a  rapid 
change  in  gas  flow  will  cause  a  momentary  fluctuation  in  pressure 
until  the  piston  reaches  its  new  equilibrium  position. 

The  shoulder  on  the  piston  serves  to  prevent  its  dropping  low 

enough  in  the  cylinder 
to  interfere  with  the 
gas  flow.  Grooves  may 
be  placed  in  the  piston 
to  increase  the  rate  of 
gas  leakage  or  to  enable 
the  leaking  gas  to 
rotate  the  piston. 
Lubrication  of  the 
piston  with  graphite 
improves  the  operation 
of  the  stabilizer.  The 
piston  and  cylinder 
should  be  made  of  the 
same  metal,  such  as 
brass,  to  avoid  varia¬ 
tions  in  the  fit  due  to 
difference  of  thermal 
expansion.  The  glass 
funnel  connected  to  a 
vent  collects  the  excess 
gas  leaking  past  the 
piston.  The  pressure 
stabilizer,  used  in  com¬ 
bination  with  a  capil¬ 
lary  flowmeter,  proved 
satisfactory  in  main¬ 
taining  a  constant  flow 
of  inert  gas  through 
the  apparatus. 
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The  function  of  the  gas  saturator  is  to  bring  the  gas  stream 
and  the  flowing  copper  solution  into  contact  long  enough  to  es¬ 
tablish  a  reproducible  approach  to  equilibrium.  The  saturator 
must  offer  a  constant  resistance  to  the  gas  flow,  in  order  that  a 
constant  rate  of  gas  flow  can  be  maintained.  The  type  of  gas 
saturator  used  is  shown  in  Figure  3. 

The  copper  solution  flows  into  the  apparatus  at  the  inlet,  A 
Some  of  the  copper  solution  constantly  flows  from  B  to  an  over¬ 
flow  tube  that  is  set  at  a  predetermined  height  to  maintain  a  con¬ 
stant  head. 

The  copper  solution  flows  through  stopcock  Si  at  about  20 
ml.  per  minute  and  is  brought  to  the  thermostat  temperature  in 
coil  C.  The  solution  enters  the  main  body,  D,  of  the  saturator 
near  the  middle  and  flows  out  from  the  bottom  through  outlet  E. 
The  copper  solution  from  B  and  E  is  returned  to  the  plant  regenera¬ 
tion  system.  The  inert  gas  enters  at  F  at  about  100  ml.  per 
minute  and  passes  through  stopcock  St,  through  temperature  sta¬ 
bilization  coil  G,  and  into  the  bottom  of  D.  The  gas  becomes  satu¬ 
rated  with  ammonia  as  it  bubbles  through  the  solution,  and  then 
passes  through  stopcock  S3  and  tube  H  to  the  apparatus  for  de¬ 
termination  of  ammonia  vapor.  In  an  emergency  the  operator 
may  close  both  N2  and  S3  to  avoid  contamination  of  the  electro¬ 
conductivity  cell  connected  to  outlet  H.  The  stopcocks  are  all 
above  the  level  of  the  thermostat  liquid  to  simplify  the  opera¬ 
tion  of  the  apparatus  and  to  avoid  danger  of  flooding  the  electro- 
conductivity  cell  with  copper  solution. 
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The  electroconductivity  cell  is  the  same  as  that  described  for 
the  determination  of  carbon  monoxide  and  carbon  dioxide  ( 1 ). 
The  gas  from  the  saturator  contains  4  to  5%  ammonia,  which  is 
absorbed  by  0.1  N  sulfuric  acid  flowing  at  the  rate  of  15  ml.  per 
minute.  The  ammonia  activity  is  indicated  on  a  Leeds  &  North- 
rup  recording  alternating  current  Wheatstone  bridge.  The  zero 
point  of  the  apparatus  can  be  set  by  turning  stopcocks  Si 
and  S3  (Figure  3)  to  allow  the  inert  gas  to  flow  through  by-pass  J 
to  the  electroconductivity  cell  without  picking  up  ammonia  from 
the  copper  solution. 

The  recorder  is  calibrated  directly  in  terms  of  ammonia  ac¬ 
tivity.  For  calibration,  solutions  of  ammonium  hydroxide  are 
allowed  to  flow  through  the  calibration  solution  inlet,  7,  by  turn- 


Figure  4.  Activity  of  Ammonia  in  Ammonium  Hydroxide 

Solutions 


ing  stopcock  Si  to  the  proper  position.  Using  Equation  2  and 
ammonia  vapor  pressure  data  of  Wilson  (5)  the  activities  of  am¬ 
monium  hydroxide  solutions  of  normalities  0  to  7  were  calculated 
at  26.7°  and  32.2°  C.  and  are  plotted  in  Figure  4.  Up  to  an  am¬ 
monia  activity  of  3,  the  maximum  found  in  the  copper  solu¬ 
tion,  there  is  no  significant  temperature  effect  on  the  ratio  of  ac¬ 
tivity  to  concentration.  With  this  method  of  calibration  the  ac¬ 
tual  temperature  of  the  thermostat  (about  30°  C.)  is  not  a  critical 
factor,  provided  the  temperature  is  the  same  for  both  calibration 
and  operation.  Activity  measurements  in  the  range  0  to  3  are 
reproducible  to  within  ±0.05  with  the  apparatus. 

APPLICATION 

The  apparatus  for  continuous  determination  of  ammonia  ac¬ 
tivity  has  been  in  operation  for  over  15  months  in  the  ammonia 
plant  control  laboratory.  The  device  is  automatic  and  requires 
very  little  maintenance.  The  plant  operators  use  the  results  to 
control  closely  the  addition  of  ammonia  to  the  copper  solution. 
The  ammonia  activity  is  an  important  factor  in  maintaining  the 
copper  solution  at  peak  efficiency  for  scrubbing  carbon  mon¬ 
oxide  and  carbon  dioxide  from  the  synthesis  gas.  By  keeping 
the  ammonia  activity  close  to  the  optimum  value  (2.5  in  the 
TVA  ammonia  plant)  excessive  ammonia  addition  with  resultant 
high  loss  of  ammonia  in  the  regeneration  step  is  avoided. 
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Continuous  Determination  of  Carbon  Dioxide 

by  Electroconductivity 

In  Concentrations  Up  to  2  Per  Cent 

EARL  H.  BROWN  AND  MAURICE  M.  FELGER1 


An  electroconductometric  analyzer  for  the  continuous  determina¬ 
tion  of  the  carbon  dioxide  concentration  in  ammonia  plant  gases  is 
described.  The  application  of  the  results  given  by  the  analyzer  to 
the  operation  of  both  the  water  and  copper  scrubbers  of  the  gas- 
purification  system  of  the  TVA  synthetic  ammonia  plant  is  given. 
The  range  of  the  analyzer  described  is  0  to  2%,  but  the  analyzer  is 
adaptable  to  other  ranges. 


THE  converted  semi-water  gas  entering  the  purification  sys¬ 
tem  of  the  TVA  ammonia  plant  consists  of  hydrogen  and 
nitrogen  in  the  ratio  of  3  to  1,  together  with  about  29%  carbon 
dioxide,  about  2%  carbon  monoxide,  and  some  inert  gases  (3). 
About  98%  of  the  carbon  dioxide  is  removed  by  scrubbing  the 
gas  with  water,  and  the  concentrations  of  both  carbon  dioxide 
and  carbon  monoxide  are  reduced  to  about  5  p.p.m.  by  scrubbing 
with  ammoniacal  copper  solution.  The  analyzer  described  in 
this  paper  gives  a  continuous  indication  of  the  carbon  dioxide 
content  of  the  gas  leaving  the  water  scrubber. 


DESCRIPTION  AND  OPERATION 

The  analyzer  consists  of  a  gas-control  train,  an  absorption- 
conductivity  cell,  and  a  recording  alternating  current  Wheatstone 
bridge.  The  gas-control  train  is  shown  in  Figure  1.  The 
pressure  stabilizer  ( 1 )  gives  a  uniform  operating  pressure;  the 
grooved  stopcock  and  flowmeter  are  used  to  regulate  the  rate  of 
gas  flow;  and  the  potassium  hydroxide- Ascarite  tube  removes 
carbon  dioxide  from  the  gas  when  the  recorder  zero  is  being 
checked.  The  principle  and  operation  of  the  absorption-con¬ 
ductivity  cell  and  recording  alternating  current  Wheatstone 
bridge  have  been  described  {2). 

The  operating  conditions  for  the  determination  of  carbon 
dioxide  in  the  range  of  0  to  2%  are: 


Electrolyte 
Electrolyte  flow  rate 
Gas  flow  rate 
Cell  temperature 


0.04  N  sodium  hydroxide 
15  ml.  per  minute 
8  liters  per  hour 

Constant;  between  28°  and  32°  C. 


The  analyzer  is  placed  in  operation  by  first  adjusting  the  gas 
and  electrolyte  flows  to  their  respective  rates.  During  this  ad¬ 
justment  the  gas  sample  is  passed  through  the  potassium  hydrox- 
ide-Ascarite  tube.  The  distance  between  the  measuring  elec¬ 
trodes  is  then  adjusted  so  that  the  recorder  indicates  zero.  The 
3-way  stopcock  is  turned  180°  to  the  position  shown  in  Figure  1, 
which  places  the  analyzer  in  operation. 

The  analyzer  requires  very  little  attention  during  operation. 
The  combination  of  gas  pressure  stabilizer  and  grooved  stopcock 
gives  reliable  control  of  the  gas  flow  rate.  The  recorder  zero  and 
electrolyte  flow  rate  are  checked  once  each  day.  The  potassium 
hydroxide-Ascarite  tube  is  refilled  after  several  months’  use. 


CALIBRATION 

The  original  calibration  was  made  empirically  using  gas  mix¬ 
tures  of  known  carbon  dioxide  content.  The  relation  between 
concentration  and  recorder  indication  is  specific  for  the  given 
operating  conditions  and  the  bridge  circuit  used — that  is,  a 
circuit  with  220-ohm  end  coils  and  a  66.5-ohm  slide-wire.  The 


Rm/Rr  ratios  (2)  can  be  converted  to  recorder  indications  for  any 
similar  bridge  by  the  relation  which  is  shown  herewith: 

Rm  Ra  4~  cR» 

Rr  Rb 


where  Rm 

Rr 

Ra 

c 

R. 

Rb 


resistance  of  electrolyte  between  measuring  elec¬ 
trodes 

resistance  of  electrolyte  between  reference  elec¬ 
trodes 

resistance  of  A  end  coil 
recorder  indication,  scale  divisions 
resistance  of  slide-wire  per  scale  division 
resistance  of  B  end  coil 


Figure  1.  Gas-Control  Train  for  Carbon  Dioxide  Analyzer 


During  the  early  operation  of  this  analyzer,  frequent  gravimet¬ 
ric  determinations  were  made  of  the  carbon  dioxide  content  of 
the  gas  being  analyzed.  It  was  established  that  the  analyzer 
gave  results  that  were  accurate  to  about  =<=0.03%. 

APPLICATION 

During  normal  operation  the  concentration  of  carbon  dioxide 
in  the  gas  leaving  the  water  scrubber  depends  largely  on  the  tem¬ 
perature  and  quantity  of  water  pumped  to  the  scrubber.  This  re¬ 
sidual  carbon  dioxide  is  removed  in  the  copper  scrubber.  Since 
there  is  no  control  of  the  temperature  of  the  process  water,  the 
concentration  of  carbon  dioxide  in  the  effluent  gas  and,  conse¬ 
quently,  the  carbon  dioxide  load  on  the  copper  scrubber,  must 
be  controlled  by  regulation  of  the  quantity  of  water  pumped  to  the 
water  scrubber.  This  control  is  important  because  an  overload 
on  the  copper  scrubber  resulting  from  insufficient  removal  of 
carbon  dioxide  in  the  water  scrubber  would  lead  to  the  presence  of 
carbon  dioxide  in  the  synthesis  system  in  concentrations  harmful 
to  the  catalyst.  On  the  other  hand,  the  practical  limit  to  which 
the  carbon  dioxide  concentration  may  be  decreased  by  increased 
flows  of  scrubbing  water  is  fixed  by  the  loss  of  hydrogen  through 
solution  in  the  water. 

The  results  given  by  this  carbon  dioxide  analyzer  and  the 
ammonia  activity  analyzer  ( 1 )  are  used  to  control  the  flow  of 
water  to  the  water  scrubber.  The  carbon  dioxide  analyzer  gives 
the  load  on  the  copper  scrubber,  and  the  ammonia  activity  ana- 


283 


284 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  17,  No.  S 


lyzer  gives  a  measure  of  the  absorptive  capacity  of  the  copper 
solution  for  carbon  dioxide.  In  actual  practice  the  water  to  the 
scrubber  is  regulated  so  that  the  carbon  dioxide  concentration  of 
the  effluent  gas  is  between  0.6  and  0.8%.  The  recorder  is 
equipped  with  a  high-low  alarm  system  that  warns  the  purifica¬ 
tion  operators  when  the  concentration  is  outside  these  limits. 
The  application  of  this  method  to  control  the  flow  of  water  to 
the  scrubber  resulted  in  a  significant  decrease  in  the  hydrogen 
loss  by  solution  in  the  scrubbing  water  and  a  considerable  decrease 
in  the  amount  of  process  water  used. 
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Continuous  Photometric  Determination  of  Bivalent  Copper 

in  Ammoniacal  Solution 

EARL  H.  BROWN  and  JAMES  E.  CLINE 


A  photometric  instrument  was  developed  to  record  continuously 
the  concentration  of  bivalent  copper  in  the  ammoniacal  copper  solu¬ 
tion  used  at  the  TVA  ammonia  plant  for  absorbing  oxides  of  carbon 
and  other  harmful  impurities  from  the  synthesis  gas.  The  copper 
solution  flows  through  the  annular  space  between  two  concentric 
tubes  in  an  all-glass  light-absorption  cell  surrounding  a  light  source 
operating  on  stabilized  voltage.  The  light  transmission  is  measured 
by  a  recording  potentiometer  in  circuit  with  a  barrier-layer  photocell. 


IN  THE  TVA  synthetic  ammonia  plant  at  Wilson  Dam,  Ala., 
carbon  monoxide,  oxygen,  and  residual  carbon  dioxide  are  re¬ 
moved  by  scrubbing  the  synthesis  gases  at  121  atmospheres  with 
an  ammoniacal  solution  of  copper  ammino  salts  known  as  the 
“copper  solution”  (£).  The  ratio  of  monovalent  to  bivalent 
copper  in  the  copper  solution  is  increased  by  reaction  with  the 
absorbed  carbon  monoxide  and  is  subsequently  decreased  by  re¬ 
generation  of  the  copper  solution  with  air.  To  facilitate  close 
control  of  the  regeneration  by  the  plant  operators  and  to  reduce 
the  number  of  chemical  analyses  required,  a  photometric  instru¬ 
ment  was  developed  to  record  continuously  the  concentration  of 
bivalent  copper  in  samples  flowing  from  four  different  points 
in  the  copper  solution  system. 

The  copper  solution  contains  cupric  ammino,  cuprous  ammino, 
ammonium,  formate,  and  carbonate  ions,  and  uncombined  am¬ 
monia.  In  the  visible  region  the  absorption  of  light  by  this  solu¬ 
tion  is  due  exclusively  to  the  deep  blue  cupric  ammino  ion.  The 
range  of  concentration  of  bivalent  copper  is  from  10  to  70  grams 
per  liter,  with  the  optimum  range  (in  plant  operation)  near  25 
grams  per  liter.  The  low  transparency  of  the  copper  solution 
was  indicated  by  the  absorption  coefficients  of  cupric  ammino 
formate,  as  plotted  in  Figure  1  from  data  taken  in  the  region  of 
390  to  700  millimicrons  with  a  Cenco-Sheard  spectrophotelom- 
eter,  using  a  1.0-mm.  slit  and  a  1-cm.  absorption  cell.  The  ab¬ 
sorption  coefficient,  k,  was  calculated  from  the  relationship: 

k  =  (l/cd)  log  (Iq/I) 

where  c  =  concentration  of  Cu++,  grams  per  liter 
d.  =  depth  of  solution,  cm. 

It  —  intensity  of  incident  light 
I  =  intensity  of  transmitted  light 

Because  of  the  opacity  of  the  copper  solution,  it  was  necessary 
to  design  a  photometer  capable  of  measuring  the  light  transmis¬ 
sion  through  a  very  thin  layer  of  the  solution.  Dilution  of  the 
plant  copper  solution  was  considered  impracticable,  for  the 


maintenance  of  a  diluting  apparatus  in  continuous  operation 
would  be  difficult,  and  dilution  might  change  the  monovalent- 
bivalent  copper  ratio. 

DESCRIPTION  OF  APPARATUS 

The  absorption  cell  used  is  of  all-glass  construction  and  con¬ 
sists  essentially  of  two  concentric  tubes  surrounding  the  light 
source,  as  shown  in  Figure  2.  The  copper  solution  flows  through 
the  annular  space,  which  is  about  0.02  cm.  wide.  The  cross  sec¬ 
tion  of  the  annular  space,  about  0.14  sq.  cm.,  is  sufficient  to  allow 
a  copious  flow  of  copper  solution.  The  cells  are  rugged,  are 
easily  constructed,  and  are  unaffected  by  hot  acid  cleaning 
solutions.  They  are  made  from  25-  and  22-mm.  Pyrex  tubing, 
carefully  selected  so  that  the  tubes  fit  together  with  the  required 
clearance. 

The  light  source  used  is  a  6-c.p.  6-volt  lamp  operating  at  lower 
voltage  to  give  it  a  long  life.  The  lamp  is  mounted  inside  the 
concentric  absorption  cell,  as  shown  in  Figure  2.  Both  lamp  and 
cell  are  supported  by  a  brass  tube  fastened  securely  to  the  base  of 
the  photometer  unit.  The  central  terminal  of  the  lamp  is  sol¬ 
dered  to  a  wire  leading  to  a  6-volt  transformer,  while  the  side 
terminal  is  soldered  to  the  brass  tube,  which  in  turn  is  connected 
to  the  transformer.  As  shown  in  Figure  3,  the  voltage  across 
the  lamp  is  controlled  by  a  variable  transformer  in  the  primary 
of  the  6-volt  transformer.  The  power  to  the  four  variable 
transformers  in  the  system  is  supplied  through  a  common  voltage 
stabilizer  from  a  115- volt  alternating  current  line. 

The  light  transmitted  through  the  copper  solution  is  received 
by  a  barrier-layer  photocell,  Weston  Model  594  G-B  Type  3. 
The  current  from  the  photocell  passes  through  a  rheostat  of 
about  100  ohms’  resistance.  The  voltage  across  the  rheostat  is 
recorded  on  a  four-point  recording  potentiometer  with  a  range  of 
0  to  10  millivolts  and  a  galvanometer  coil  resistance  of  400  ohms 
(Leeds  &  Northrup  Micromax). 

The  stability  of  the  system  was  tested  for  continuous  operation. 
During  the  initial  period  of  illumination  of  the  barrier-layer 
photocell,  a  copper  screen  was  used  to  reduce  the  illumination  to 


Figure  1.  Spectral  Absorption  of  Cupric  Ammino  Formate 
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Figure  2.  Vertical  Section  of  Photometer  Unit 


40%  of  the  full  scale  reading.  During  the  first  30  minutes  there 
seas  a  gradual  decrease  in  sensitivity,  known  as  fatigue  ( 1 ), 
after  which  the  reading  was  practically  constant  for  over  40 
hours’  continuous  operation.  When  the  illumination  was  in¬ 
creased  from  40  to  100%  by  removal  of  the  screen,  a  new  fatigue 
effect  was  observed  which  again  became  constant  within  30 
minutes.  When  the  illumination  was  diminished  from  100  to 
40%  by  replacement  of  the  screen,  the  sensitivity  of  the  photocell 
was  found  to  be  slightly  lower  than  it  had  been  with  constant 
40%  illumination,  but  within  15  minutes  the  sensitivity  had  re¬ 
turned  to  the  original  value.  The  fatigue  effect  thus  was  shown 
to  have  a  characteristic  value  for  constant  operation  at  each  in¬ 
tensity  of  illumination.  As  the  change  in  fatigue  occurred  only 
in  the  first  30  minutes  after  a  change  in  illumination,  the  error 
introduced  by  fatigue  was  considered  minor  in  the  measurement 
of  transmission  through  the  copper  solution  in  which  the  changes 
in  concentration  of  bivalent  copper  are  relatively  slow.  The 
constancy  of  the  record  over  a  40-hour  interval  showed  not  only 
that  the  fatigue  effect  was  constant  but  also  that  the  illumination 
from  the  lamp  was  constant.  The  use  of  a  second  photocell  to 
compensate  for  fluctuations  in  illumination  therefore  was  con¬ 
sidered  unnecessary. 

In  the  ammonia-synthesis  plant  four  samples  of  copper  solu¬ 
tion  flow  continuously  through  the  analyzer  and  then  return  to 
the  plant  system.  The  four  photometer  units  (photocell,  absorp¬ 
tion  cells,  lamps,  6-volt  and  variable  transformers)  and  the  volt¬ 
age  stabilizer  are  mounted  in  a  cabinet.  The  recorder  and  four 
fine-adjustment  rheostats  are  mounted  about  30  feet  away  from 
the  photometer  cabinet,  at  a  place  convenient  for  the  plant  opera¬ 
tors.  The  scale  on  the  recorder  is  calibrated  directly  in  terms  of 
grams  of  bivalent  copper  per  liter,  using  chemical  analysis  as  the 
standard.  To  avoid  making  a  separate  calibration  for  each  ab¬ 
sorption  cell,  the  light  transmission  through  each  cell  is  assumed 
to  be  proportional  to  the  same  empirical  function  of  concentra¬ 
tion.  This  assumption  permits  a  very  simple  procedure  to  be 
followed  in  reading  and  maintaining  the  instrument,  and  it 
causes  no  errors  large  enough  to  prevent  satisfactory  control  of 
the  plant  operations. 

The  accumulation  of  precipitated  material  in  the  absorption 
cell  during  continuous  operation  is  the  greatest  factor  in  causing 
a  change  in  the  calibration  of  the  instrument.  To  correct  for 
gradual  changes,  however,  the  copper  solution  from  each  of  the 


Figure  3.  Wiring  Diagram  of  Multiple  Analyzer 


four  sampling  points  is  analyzed  chemically  at  8-hour  intervals 
and  the  recorder  is  reset  by  use  of  the  fine-adjustment  rheostats. 
When  necessary,  dirty  absorption  cells  are  replaced  with  clean 
cells  and  are  cleaned  with  a  hot  mixture  of  chromic,  sulfuric,  and 
nitric  acids.  The  use  of  filters  to  prevent  solid  material  from 
entering  the  cells  probably  would  entail  greater  maintenance  re¬ 
quirements  than  the  procedure  outlined. 

After  the  instrument  is  set  to  agree  with  a  chemical  analysis, 
the  accuracy  is  ±0.5  gram  of  bivalent  copper  per  liter  for  a  pe¬ 
riod  of  8  to  100  hours,  depending  on  the  amount  of  sludge  in  the 
solution. 


APPLICATION 

In  more  than  2  years  of  continuous  operation,  the  bivalent 
copper  recorder  has  proved  to  be  much  more  efficient,  both  tech¬ 
nically  and  economically,  than  were  the  tedious  chemical  analy¬ 
ses  previously  employed  for  aontrol  over  the  regeneration  of  the 
copper  solution.  The  trend  of  the  bivalent  copper  concentra¬ 
tion,  as  shown  by  the  recorder  chart,  facilitates  close  control  of 
plant  operation. 

The  photometer  and  concentric  absorption  cell  described  may 
be  useful  in  continuous  transmission  recording  of  the  composition 
of  other  solutions,  especially  those  of  low  transparency. 
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Determination  of  Argon  in  Ammonia-Synthesis  Gases 


EARL  H.  BROWN  and  JAMES  E.  CLINE 


An  apparatus  for  the  continuous  determination  of  the  argon-nitrogen 
ratio  in  ammonia-synthesis  gas  is  described.  The  gas  is  scrubbed 
free  of  ammonia,  the  hydrogen  and  methane  are  oxidized  at  700°  C. 
with  a  copper  oxide-iron  oxide  mixture,  the  oxidation  products 
are  removed,  and  the  purified  argon-nitrogen  mixture  is  passed 
through  a  commercial  thermal  conductivity  instrument  which  continu¬ 
ously  records  the  argon  content. 

THE  purified  gas  used  for  synthesis  of  ammonia  at  the  TVA 
plant  contains  hydrogen,  nitrogen,  argon,  and  methane  (3,  6) . 
Other  noble  gases  and  hydrocarbons  are  present  in  negligible 
concentrations. 

In  the  synthesis  system  the  gas  is  circulated  through  the  am¬ 
monia-synthesis  converter  and  sufficient  make-up  gas  is  added 
to  the  circulating  system  to  replace  the  gas  removed  as  ammonia 
and  that  lost  from  the  system  through  leaks,  through  solution  in 
the  liquid  ammonia,  and  through  bleeding  to  the  atmosphere. 
The  concentration  of  inerts  (primarily  argon  and  methane)  in  the 
circulating  gas  depends  on  their  concentration  in  the  make-up  gas 
and  on  the  fraction  of  circulating  gas  leaving  the  system. 

The  determination  of  argon  in  the  circulating  synthesis  gas  is 
desirable  for  three  reasons.  In  the  first  place,  the  determination 
of  the  percentage  of  nitrogen  in  the  gas  by  the  usual  Orsat  analysis 
is  impossible  without  a  simultaneous  determination  of  argon. 
The  hydrogen-nitrogen  ratio,  which  must  be  kept  close  to  3.0 
for  optimum  ammonia  production,  is  indeterminate  to  the  ex¬ 
tent  to  which  the  argon  concentration  is  uncertain. 

The  determination  of  argon  is  necessary  also  for  calculating  the 
total  percentage  of  inerts  in  the  synthesis  gas.  The  inerts  act  as  a 
diluent  and  have  approximately  the  same  effect  as  a  decrease  of 


pressure  in  the  system;  if  their  concentration  reaches  a  certain 
percentage,  it  is  economical  to  prevent  a  further  rise  by  bleeding 
part  of  the  circulating  gas  to  the  atmosphere.  The  optimum  per¬ 
centage  of  inerts  depends  on  the  activity  of  the  synthesis  cata¬ 
lyst;  on  the  rate  of  production,  purification,  and  compression 
of  the  make-up  gas;  on  the  rate  of  circulation  of  the  synthesis 
gas;  and  on  the  optimum  operating  pressure  of  the  system. 
Once  the  optimum  concentration  of  inerts  has  been  determined 
by  observation  of  plant  operation,  the  argon  and  methane  de¬ 
terminations  can  be  used  in  control  of  the  bleeding  rate. 

The  third  value  of  the  argon  determination  is  that  it  enables  a 
direct  calculation  of  synthesis  efficiency,  which  is  defined  as  the 
ratio  of  the  amount  of  reacting  component  (nitrogen  or  hydro¬ 
gen)  removed  from  the  system  as  ammonia  to  the  amount  of  the 
component  entering  the  system  during  the  same  period.  Since 
argon  is  unchanged  in  the  synthesis  process,  a  steady  state  is 
reached  in  which  the  amount  of  argon  entering  the  system  in  the 
make-up  gas  equals  the  amount  of  argon  leaving  the  system 
through  leakage,  solution  in  liquid  ammonia,  and  bleeding.  By 
calculating  the  ratios  of  reacting  component  to  argon  (parts  per 
part  argon)  in  both  make-up  gas  and  gas  from  the  converter,  the 
ratio  of  the  amount  of  reacting  component  entering  the  system 
to  that  leaving  the  system  in  unsynthesized  condition  may  be  es¬ 
timated.  With  normal  gas  compositions  in  the  system,  it  was 
found  that  an  error  of  less  than  1  %  would  be  introduced  into  the 
calculation  if  the  loss  of  gas  by  leakage  occurred  at  a  stage  in  the 
synthesis  cycle  other  than  that  from  which  the  sample  was  taken 
for  analysis.  Errors  caused  by  differential  solubility  of  the 
gases  in  liquid  ammonia  were  considered  negligible.  The  syn¬ 
thesis  efficiency  can  thus  be  estimated  from  purely  analytical 
data  with  no  reference  to  production  rates  or  gas  flows. 

For  calculation  of  the  synthesis  efficiency  with  respect  to  hy¬ 
drogen,  determinations  of  the  concentration  of  hydrogen,  the 
sum  of  the  concentrations  of  nitrogen  and  argon,  and  the  argon 
ratio  are  required.  (Argon  ratio  is  defined  here  as  the  argon 
content  divided  by  the  sum  of  the  argon  and  nitrogen  contents.) 
For  the  synthesis  efficiency  with  respect  to  nitrogen,  however, 
only  the  argon  ratio  in  the  gas  from  the  converter  is  needed.  As 
neither  the  nitrogen  nor  the  argon  enter  into  any  of  the  chemical 

h2o,  co2,  n2 ,  A- 


Figure  1 .  Relationship  between  Synthesis  Efficiency, 
with  Respect  to  Nitrogen,  and  Argon  Ratio  in  Gas 
from  Converter 
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reactions  involved  in  the  production  and  purification  of  the  make¬ 
up  gas,  the  ratio  of  nitrogen  to  argon  in  the  make-up  gas  is  as¬ 
sumed  to  be  83.0,  the  same  as  that  in  the  atmosphere  (5).  Thus, 
the  synthesis  efficiency,  E,  is  expressed  by  the  relationship: 

m  83.0  -  (Nt/A) 

E  = - 83j0 - -  (1) 

where  Nt/A  is  the  ratio  of  nitrogen  to  argon  in  the  gas  from  the 
converter.  Introducing  R  as  the  argon  ratio,  A/{N%  +  A), 

-NaA  =  1-1  /R  (2) 


From  Equations  1  and  2, 
83.0  +  1  - 


E  = 


83.0 


l/R  =  i  012  _  0.01205 


R 


(3) 


Equation  3  was  used  to  obtain  the  curve  in  Figure  1,  showing 
the  relationship  between  synthesis  efficiency,  with  respect  to 
nitrogen,  and  argon  ratio  in  gas  from  the  converter.  Figure  1 
shows  that  as  the  argon  ratio  increases,  it  becomes  a  more  sensi¬ 
tive  indication  of  synthesis  efficiency. 


DESCRIPTION  OF  APPARATUS 

The  apparatus  for  the  determination  of  argon  consists  of  a  train 
for  the  continuous  removal  of  gases  other  than  argon  and  nitrogen 
from  the  synthesis  gas,  and  a  thermal  conductivity  analyzer  for 
recording  the  argon  ratio  in  the  purified  mixture.  Since  the  Orsat 
analyses  regularly  performed  in  the  laboratory  furnish  the  sum 
of  argon  and  nitrogen,  the  argon  ratio  enables  calculation  of  both 
argon  and  nitrogen. 

A  diagram  of  the  purification  train  is  shown  in  Figure  2.  The 
flow  of  synthesis  gas  into  the  purification  train  is  maintained  at 
about  8  liters  per  hour  by  means  of  a  piston-type  pressure  sta¬ 
bilizer  {%)  and  a  needle  valve.  Accurate  control  of  the  rate  of 
flow  is  unnecessary;  the  rate  affects  the  time  lag  and  reagent 
consumption,  but  not  the  analytical  results.  Ammonia  is  re¬ 
moved  by  30%  sulfuric  acid,  leaving  methane,  hydrogen,  nitrogen, 
and  argon. 

Campbell  and  Gray  (4)  stated  that  methane  was  oxidized  com¬ 
pletely  by  copper  oxide  in  7  minutes  at  700°  C.  and  that,  in  the 
presence  of  hydrogen,  the  oxidation  of  methane  proceeded  more 
easily.  Arneil  (7)  found  that  ferric  oxide  catalyzed  the  reaction 
and  lowered  the  temperature  of  complete  oxidation  of  methane 
to  500°  C.  In  the  apparatus  shown  in  Figure  2,  both  hydrogen 
and  methane  are  oxidized  at  700°  C.  by  copper  oxide  containing  1 
to  10%  iron  oxide  to  catalyze  the  oxidation.  The  temperature 
is  regulated  by  a  Brown  controlling  pyrometer.  Channel  forma¬ 
tion  in  the  oxidant  as  a  result  of  sintering  of  metallic  copper  is 
minimized  by  mixing  crushed  refractory,  such  as  alumina  brick, 


with  the  copper  oxide.  The  oxidation  tubes  are  90-cm.  (36-inch) 
lengths  of  3.75-cm.  (1.5-inch)  stainless  steel  tubing.  Tubes  made 
of  silica  or  of  iron  are  unsatisfactory  for  continuous  use.  There 
are  two  oxidation  tubes  in  the  furnace;  one  is  used  while  the 
other  is  regenerated  with  air.  At  intervals  of  about  8  hours,  the 
partly  exhausted  and  the  regenerated  oxidizers  are  interchanged 
by  turning  the  four  three-way  stopcocks  (Figure  2). 

The  gas  from  the  oxidation  tube  contains  water  vapor,  carbon 
dioxide,  nitrogen,  and  argon.  Most  of  the  water  is  condensed 
by  cooling  and  is  removed  from  the  system  through  a  trap.  The 
carbon  dioxide  is  removed  by  concentrated  potassium  hydroxide 
solution,  and  the  remaining  mixture  of  argon  and  nitrogen  is 
dried  with  concentrated  sulfuric  acid. 

A  Leeds  &  Northrup  thermal  conductivity  apparatus  records 
the  argon  ratio  in  the  purified  argon-nitrogen  mixture.  The 
instrument  is  calibrated  against  known  mixtures  or  argon  and 
nitrogen,  and  also  against  density  measurements  of  the  exit  gas 
as  made  with  an  Edwards  balance.  The  response  of  the  re¬ 
corder  is  linear  in  respect  to  the  argon  ratio  over  the  calibration 
range  of  0  to  0.33,  and  is  accurate  to  =*=0.005.  The  concentra¬ 
tion  of  argon  may  be  calculated  with  an  over-all  accuracy  of 
±0.15%. 

APPLICATION 

The  results  given  by  the  apparatus  are  used  in  combination 
with  Orsat  analyses  to  determine  argon  and  nitrogen  in  the  syn¬ 
thesis  gases.  Application  of  the  argon  ratio  to  the  control  of  the 
rate  of  bleeding  from  the  synthesis  system  facilitates  mainte¬ 
nance  of  the  optimum  rate  of  ammonia  production.  Calculated 
from  the  argon  ratio  (usually  0.25  to  0.30),  the  synthesis  efficiency 
of  the  TVA  ammonia  plant  is  96  to  97%. 
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Continuous  Determination  of  Carbon  Monoxide  in 
Concentrations  Up  to  3.5  Per  Cent  by  Electroconductivity 

EARL  H.  BROWN,  MAURICE  M.  FELGER,  AND  R.  BOWEN  HOWARD,  JR. 


THE  production  of  the  hydrogen-nitrogen  mixture  for  the 
synthesis  of  ammonia  in  the  TVA  plant  was  described  by 
Miller  and  Junkins  (4).  In  one  step  of  the  process,  semi-water 
gas  is  enriched  with  hydrogen  by  catalytic  oxidation  of  the  car¬ 
bon  monoxide  with  steam.  Most  of  the  resulting  carbon  dioxide 
is  removed  from  the  gas  by  pressure  scrubbing  with  water,  and 
the  remainder,  together  with  residual  carbon  monoxide  from  the 
catalytic  oxidation  step,  is  removed  by  pressure  scrubbing  with 
an  ammoniacal  copper  solution. 

A  continuous  indication  and  record  of  the  unreacted  carbon 
monoxide  in  the  converted  semi-water  gas  are  desirable  for 
plant  control.  The  continuous  indication,  along  with  the  rate 
of  gas  flow,  gives  the  carbon  monoxide  load  on  the  copper  scrubber 
and  thus  aids  in  both  the  operation  of  the  scrubber  and  the  re¬ 


generation  of  the  copper  solution.  An  indication  of  high  con¬ 
centrations  of  carbon  monoxide  warns  the  plant  operators  of  un¬ 
satisfactory  operation  in  the  catalytic  oxidation  step.  Data 
taken  from  the  continuous  record  are  used  in  the  preparation  of 
material  balances.  In  actual  practice  the  gas  leaving  the  water 
scrubber  is  analyzed,  because  the  excess  steam  and  most  of  the 
carbon  dioxide  present  in  the  gas  leaving  the  converters  have  been 
removed  at  this  stage  of  the  process.  The  carbon  monoxide 
concentration  of  this  gas  is  about  2%. 

The  use  of  neither  iodine  pentoxide  for  selective  oxidation  of 
the  carbon  monoxide  nor  of  other  solid  oxidants,  such  as  copper 
oxide,  for  the  direct  oxidation  of  both  the  carbon  monoxide  and 
the  hydrogen  was  considered  practicable  in  the  continuous  analy¬ 
sis  of  this  gas  because  of  the  inordinate  amount  of  time  required 
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in  the  frequent  reactivation  of  the  oxidant.  A  method  was  de¬ 
vised,  therefore,  in  which  the  gas  is  diluted  with  air  in  a  predeter¬ 
mined  ratio,  the  carbon  monoxide  and  hydrogen  are  oxidized  over 
a  hot  copper  oxide  catalyst,  and  the  resulting  carbon  dioxide  is 
determined  by  an  electroconductometric  method. 

DESCRIPTION 


An  analyzer  for  the  continuous  determination  of  carbon  monoxide 
in  the  range  0  to  3.5%  and  in  the  presence  of  a  large  concentration 
of  hydrogen  is  described.  The  sample  is  diluted  with  air,  the  carbon 
monoxide  oxidized  to  carbon  dioxide  over  hot  copper  oxide,  and 
the  carbon  dioxide  determined  by  an  electroconductometric 
method. 


Small  portions  of  the  gas  undergoing  analysis  are  injected  in¬ 
termittently  into  a  stream  of  air  by  means  of  a  sampling  stopcock 
(1) .  The  stopcock  (Figure  1)  has  a  stainless  steel  barrel  and  a 
tapered  brass  plug.  The  plug  encloses  two  coaxial,  cylindrical 
compartments  of  equal  volume;  each  compartment  communi¬ 
cates  with  either  of  two  pairs  of  diametric  openings  in  the  barrel 
through  oblique  bores  that  meet  the  periphery  of  the  plug  on  a 
common  circumference.  The  gas  containing  carbon  monoxide 


GAS  INLET 


OPERATION 


Figure  1. 


Sampling  Stopcock  of  Carbon  Monoxide 
Analyzer 


flows  through  one  compartment,  while  the  air  flows  through  the 
other.  The  larger  projecting  end  of  the  plug  has  four  studs 
equally  spaced  on  its  circumference.  By  engagement  of  these 
studs  with  a  rotating  crank  geared  to  a  synchronous  motor,  the 
plug  is  turned  through  90°  at  regular  intervals,  and  the  gas  being 
analyzed  thus  is  injected  into  the  air  stream  in  successive  por¬ 
tions  of  equal  volume.  A  uniform  mass  for  the  successive  por¬ 
tions  is  ensured  by  the  incorporation  of  a  temperature  and  pres¬ 
sure  compensator  in  the  gas  sample  line  to  compensate  for 
changes  in  room  temperature  and  atmospheric  pressure. 

The  sample  metering  and  preparation  system  in  which  the  gas 
is  prepared  for  introduction  into  the  absorption-conductivity  cell 
is  shown  in  Figure  2.  Air  enters  the  system 
through  a  piston-type  pressure  stabilizer  (2)  and 
flows  through  grooved  stopcock  Si,  a  flowmeter, 
and  the  sampling  stopcock,  where  it  picks  up  the 
carbon  monoxide  sample.  The  diluted  sample  then 
passes  through  a  scrubber  containing  potassium 
hydroxide  solution,  which  removes  carbon  dioxide; 
through  a  heated  tube  containing  copper  oxide  for 
the  catalytic  oxidation  of  the  carbon  monoxide  and 
hydrogen;  through  a  condensate  trap  where  water 
produced  by  the  oxidation  of  hydrogen  is  removed; 
and  finally  to  an  absorption-conductivity  cell  where 
the  carbon  dioxide  produced  by  the  oxidation  of 
carbon  monoxide  is  measured  (8).  The  gas  from 
the  sample  line  enters  the  system  through  a  piston- 
type  pressure  stabilizer  and  flows  through  the 
sampling  stopcock,  a  temperature  and  pressure 
compensator,  a  gas  pressure  safety  trap,  and 
grooved  stopcock  S2  for  the  regulation  of  the  line 
pressure. 

The  principle  and  operation  of  the  absorption- 
conductivity  cell,  as  well  as  the  electrical  circuit, 
have  been  described  (3). 


The  operating  conditions  for  the  determination  of  carbon  mon¬ 
oxide  in  concentrations  up  to  3.5%  are: 


Electrolyte 
Electrolyte  flow  rate 
Cell  temperature 
Temperature  of  copper  oxide 
Air  flow  rate 

Volume  of  each  sample  injec¬ 
tion 

Frequency  of  injections 
Bridge  slide-wire  resistance 
Bridge  end-coil  resistance 


0.04  N  sodium  hydroxide 
15  ml.  per  minute 
Constant;  between  28°  and  32c 
300°  to  350°  C. 

10  liters  per  hour 

4.8  cc. 

6  per  minute 
60  ohms 
600  ohms 


Although  specific  rates  of  flow  of  air  and  gas  sample  through 
the  analyzer  are  not  required,  the  rates  should  be  constant  and 
must  be  sufficient  to  replace  entirely  the  gas  in  the  compartments 
of  the  sampling  stopcock  in  the  10-second  intervals  between 
sampling. 

In  starting  the  analyzer,  the  air  and  electrolyte  flows  are  first 
adjusted  to  their  proper  rates.  The  distance  between  the  meas- 


Table  I.  Comparison  of  Carbon  Monoxide  Concentrations 
Determined  by  Orsat  and  Electroconductometric  Analyses 


Time 

CO  by  Orsat  (Fisher) 

CO  by  Analyzer 

Hours 

% 

% 

0 

2.4 

2.45 

4 

2.5 

2.45 

8 

2.1 

2.05 

12 

2.1 

2.05 

16 

2.2 

2.25 

20 

2.2 

2.25 

24 

2.3 

2.20 

28 

2.3 

2.15 

32 

2.2 

2.20 

36 

2.3 

2.20 

40 

2.5 

2.25 

44 

2.2 

2.25 

48 

2.1 

2.20 

52 

2.1 

2.25 

56 

2.2 

2.25 

60 

2.3 

2.30 

64 

2.3 

68 

2.4 

2^30 

72 

2.3 

2.30 

76 

2.1 

2.20 

80 

2.2 

2.15 
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uring  electrodes  is  then  adjusted  so  that  the  recorder  indicates 
zero.  The  gas  flow  from  the  sample  line  is  started,  and  grooved 
stopcock  S»  is  adjusted  so  that  the  top  of  the  mercury  column  of 
the  temperature  and  pressure  compensator  is  at  the  calibration 
mark.  The  sampling  stopcock  is  started  and  the  analyzer  is  in 
operation. 

The  analyzer  is  calibrated  with  gas  mixtures  of  known  com¬ 
position. 

The  accuracy  of  the  calibration  was  checked  during  regular 
plant  operation  by  comparison  with  analyses  obtained  by  means 
of  a  Fisher  precision  gas  analysis  unit  over  a  3-day  period 
(Table  I). 

There  is  good  reason  for  believing  that  the  accuracy  of  the  elec- 
troconductometric  method  is  better  than  that  of  the  Orsat 
method. 

MAINTENANCE 

The  sample  metering  and  preparation  train  is  so  mounted  that 
the  pressure  stabilizers,  flowmeter,  and  compensator  are  readily 
visible.  The  gas  sample  and  air  flows  seldom  require  adjustment, 
but  the  pressure  in  the  gas  sample  line  must  be  adjusted  at  S° 
(Figure  2)  when  significant  changes  in  temperature  or  atmos¬ 
pheric  pressure  occur.  The  rate  of  flow  of  electrolyte  and  the 
zero  setting  of  the  recorder  are  checked  daily.  The  zero  setting 


of  the  recorder  is  obtained  by  stopping  the  rotation  of  the  sam¬ 
pling  stopcock  for  sufficient  time  for  all  the  carbon  dioxide  to  be 
flushed  from  the  train  leading  to  the  absorption-conductivity  cell. 
The  solution  in  the  potassium  hydroxide  scrubber  is  changed 
once  each  week,  and  the  sampling  stopcock  is  lubricated  as  re¬ 
quired.  The  catalytic  unit  in  which  the  carbon  monoxide  and 
hydrogen  are  oxidized  requires  no  attention  other  than  the 
maintenance  of  its  temperature.  The  original  charge  of  copper 
oxide  catalyst  has  showif  no  decrease  in  activity  in  more  than  a 
year  of  continuous  use. 
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Continuous  Determination  of  Methyl  Bromide 

in  the  Atmosphere 

DWIGHT  WILLIAMS,  GEORGE  S.  HAINES,  and  F.  D.  HEINDEL 

Research  Department,  Westvaco  Chlorine  Products  Corporation,  South  Charleston,  W.  Va. 


A  method  and  apparatus  for  the  continuous  determination  of  the 
concentration  of  methyl  bromide  at  several  points  in  the  atmosphere 
are  described.  The  methyl  bromide  is  converted  to  hydrogen  bro¬ 
mide  by  adding  hydrogen  to  the  sample  and  passing  the  mixture 
through  a  quartz  tube  which  is  maintained  at  a  temperature  above 
800°  C.  The  hydrogen  bromide  is  continuously  absorbed  in  a  stream 
of  water  and  the  electrical  conductivity  of  the  water  solution  meas¬ 
ured  by  means  of  a  recording  conductivity  meter.  Concentrations  as 

THE  determination  of  low  concentrations  of  methyl  bromide 
in  the  atmosphere  by  combustion  on  passage  through  a 
quartz  tube  followed  by  titration  of  the  bromine  by  the  Kolthoff- 
Yutzy  ( 1 )  procedure  has  been  described  (5).  This  method  has 
numerous  disadvantages  when  considering  the  safety  of  personnel 
exposed  to  the  vapors.  The  most  serious  of  these  is  the  time  lag 
between  the  sampling  operation  and  the  completion  of  the  analy¬ 
sis. 

Since  the  methyl  bromide  was  converted  on  combustion  either 
to  hydrogen  bromide  or  to  free  bromine,  which  could  presumably 
be  readily  converted  to  hydrogen  bromide,  it  appeared  that  elec¬ 
trical  conductivity  offered  a  ready  means  for  the  continuous  de¬ 
termination  of  methyl  bromide.  The  possibility  of  determining 
carbon  tetrachloride  in  air  continuously  and  automatically  by 
measuring  the  electrical  conductivity  has  been  suggested  by 
Olsen,  Smyth,  Ferguson,  and  Scheflan  ( 2 ).  Thomas,  Ivie, 
Abersold,  and  Hendricks  (4)  have  described  an  automatic 
apparatus  suitable  for  determining  volatile  chlorine  compounds 
by  combustion  and  conductivity  measurements.  However,  they 
absorbed  the  combustion  products  batchwise  and  obtained  their 
quantitative  results  from  the  rate  of  change  of  conductivity.  It 
appeared  that  this  procedure  could  be  improved  if  the  combus- 


low  as  1  part  per  million  may  be  detected  and  concentrations  up  to 
600  parts  per  million  have  been  determined  with  a  precision  of 
±5%  of  the  amount  present.  The  method  is  not  specific  for  methyl 
bromide  but  gives  the  total  chlorine  and  bromine  compounds  in  the 
air.  A  similar  apparatus  in  which  the  hydrogen  is  omitted  and  the 
air  stream  is  saturated  with  water  vapor  is  used  for  the  determination 
of  chlorinated  hydrocarbons  when  brominated  hydrocarbons  are 
absent. 

tion  products  could  be  absorbed  in  a  continuous  flow  of  water. 
This  would  involve  the  continuous  passage  of  a  constant  stream 
of  the  air  sample  through  the  furnace  and  the  continuous  pump¬ 
ing  of  a  constant  stream  of  water  through  the  absorber.  Ob¬ 
viously  this  method  is  not  specific  for  bromide,  as  is  the  Kolthoff- 
Yutzy  procedure,  but  it  should  prove  useful  where  methyl  bro¬ 
mide  is  the  most  probable  atmospheric  contaminant  and  will  in 
any  case  give  results  on  the  high  side,  which  is  in  the  interest  of 
safety. 

A  consideration  of  the  concentration  of  methyl  bromide  which 
it  was  desired  to  detect  and  of  the  probable  optimum  air  and 
liquid  flows  indicated  that  a  conductivity  cell  having  a  cell  con¬ 
stant  of  about  0.1  reciprocal  centimeter  was  required.  The  con¬ 
ductivity  cell  was  designed  to  permit  the  complete  absorption  of 
the  combustion  products,  reduce  holdup  to  a  minimum,  and 
permit  the  compact  assembly  of  the  apparatus. 

Low  and  erratic  recoveries  of  methyl  bromide  were  obtained 
in  early  tests  based  on  the  assumption  that  the  methyl  bromide 
was  quantitatively  converted  to  hydrogen  bromide.  This 
was  traced  to  the  formation  of  free  bromine.  The  addition  of 
hydrogen  to  the  air  stream  eliminated  this  source  of  error. 
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Figure  1.  Diagram  of  Analyzer 
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APPARATUS1 

A  scale  diagram  of  an  individual  system  of  the  analyzer  is 
shown  in  Figure  1.  Details  of  construction  of  the  parts  and  the 
flow  of  water  and  gases  through  the  system  are  indicated. 

Water  Pump.  The  piston  and  cylinder  are  made  from  a  5-ml. 
Pyrex  hypodermic  syringe.  The  stops  are  adjusted  to  give  a 
stroke  of  about  1  ml.  The  hollow  core  of  the  piston  is  filled  with 
iron  wire  (No.  22  B.  and  S.  lacquered  iron  wire  was  used)  and 
the  glass  sealed  together  again.  The  check  valves  are  made  by 
grinding  glass  marbles  into  the  preformed  valve  seats  before 
assembly.  The  authors  found  single-colored  marbles  superior 
to  the  varicolored  variety.  Hand  grinding  on  a  stationary  rub¬ 
ber  plate  using  240-,  400-,  and  600-mesh  Carborundum  powder, 
in  that  order,  and  then  rouge  gave  good  results.  Each  valve  seat 
is  tested  individually  and,  if  found  defective,  is  reground  before 
assembly.  The  test  is  made  under  a  150-cm.  (5-foot)  head  of 
water  using  a  20-mm.  head  tube.  A  drop  of  30  cm.  (12  inches) 
in  the  water  level  in  the  head  during  24  hours  is  cause  for  regrind¬ 
ing  the  valve.  This  all-glass  pump  assembly  provides  a  small, 
precise  flow  of  water  without  danger  of  contamination  which 
would  affect  the  conductivity  of  the  water. 

All  pump-valve  assemblies  were  tested  for  constancy  of  de¬ 
livery  with  variation  in  head.  In  some  cases  variations  in  delivery 
were  observed  which  could  not  be  traced  to  leaky  valves  or  cyl¬ 
inders.  Leaks  resulted  in  deliveries  less  than  the  displacement  of 
the  piston  but  deliveries  greater  than  the  displacement,  some¬ 
times  as  much  as  2.5  times,  were  observed  in  these  anomalous 
cases.  It  was  observed  that  all  four  valves  moved  at  each 
stroke  of  the  piston,  two  during  the  stroke  and  the  other  two 
just  at  the  end  of  the  stroke.  It  was  concluded  that  this  was 
caused  by  the  inertia  imparted  to  the  water  by  the  rapid  motion 
of  the  piston,  which  tended  to  force  water  through  the  inlet  valves 
at  the  end  of  the  stroke.  This  source  of  error  was  eliminated  by 
inserting  short  lengths  of  capillary  at  either  end  of  the  cylinder. 
This  slowed  the  motion  of  the  piston,  reduced  the  inertia,  and 
gave  the  rated  delivery. 

1  Patent  applied  for 


The  piston  is  driven  by  two  electromagnets  which  are  actuated 
alternately  by  means  of  an  automatic  electric  timer  having  a 
speed  of  about  1  r.p.m.  (Automatic  Electric  Manufacturing  Co., 
Mankato,  Minn.,  Catalog  No.  1005).  The  timer  is  set  at  10 
cycles  per  minute.  The  solenoids  are  made  by  winding  2500 
turns  of  No.  22  enameled  copper  wire  on  an  arbor  6.25  cm.  (2.25 
inches)  long  by  2.5  cm.  (1  inch)  in  diameter.  A  perforated  steel 
shell  7.8  cm.  (3.125  inches)  inside  diameter  by  14  cm.  (5.625  inches) 
long  encloses  the  two  solenoids  which  are  required  to  drive  a 
single  pump  assembly.  There  is  a  2.19-cm.  (0.875-inch)  gap 
between  the  two  solenoids.  The  length  of  this  gap  is  fixed  by 
means  of  two  washers  7.8  cm.  (3.125  inches)  in  diameter  which 
are  machined  to  fit  the  inside  of  the  shell,  to  which  they  are 
welded.  The  syringe  passes  through  a  2.5-cm.  (1-inch)  hole  in  the 
center  of  the  washers. 

Water  is  pumped  alternately  to  each  of  two  conductivity  cells 
by  means  of  a  single  pump.  Water  passes  from  the  conductivity 
cell  to  a  water  separator  from  which  it  is  discharged  through  a 
90-cm.  (3-foot)  standleg  to  a  small  reservoir  having  an  overflow 
to  the  sewer. 

Hydrogen  Supply  System.  Hydrogen  is  supplied  by  means 
of  a  cylinder  or  other  source  at  about  2.3  kg.  (5  pounds)  pressure. 
The  flow  to  the  analyzer  is  controlled  by  means  of  a  0.3-cm. 
(0.125-inch)  V-point  needle  valve  (Hoke,  Inc.,  New  York,  N.  Y., 
Catalog  No.  341).  The  hydrogen  flow  rate  is  measured  by  means 
of  a  rotameter,  having  a  range  0  to  1000  ml.  per  minute. 

Air  Flow  System.  The  air  sample  is  conducted  continuously 
through  Saran  tubing  to  the  analyzer.  A  rotameter  having  a 
range  of  0  to  1500  ml.  per  minute  is  used  for  measuring  the  air 
flow  rate.  The  hydrogen  and  air  flows  are  combined  by  means 
of  the  Pyrex  burner.  The  gas  streams  should  not  combine  until 
inside  the  furnace.  Otherwise,  burning  may  be  erratic.  Clear 
quartz  ground  joints  (Thermal  Syndicate,  Ltd.,  New  York)  are 
used  on  the  combustion  tubes.  One  complete  10/30  f  quartz 
joint  is  required  for  each  combustion  tube,  the  outer  member 
being  at  the  inlet  end  of  the  furnace  and  the  inner  member  at  the 
outlet  end.  The  burner  and  the  conductivity  cell,  to  which  the 
combustion  tube  is  attached  by  means  of  these  standard  taper 
quartz  joints,  are  made  of  Pyrex. 

The  air  stream  passes  through  the  furnace  and  conductivity 
cell  to  the  water  separator  and  from  there  to  a  needle  valve  of  the 
same  type  as  that  which  is  used  to  control  the  hydrogen  flow. 
The  needle  valve  is  connected  to  a  manifold  which  is  evacuated 
continuously  by  means  of  a  Cenco-Pressovac  pump. 

Conductivity  Cell.  The  electrodes  are  made  of  two  1X2 
cm.  sheets  of  0.013-cm.  (0.005-inch)  platinum  foil  held  approxi- 
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mately  2  mm.  apart  by  means  of  glass  spacers.  It  is  convenient 
to  adjust  all  the  cells  for  a  given  analyzer  to  the  same  cell  con¬ 
stant  which  should  be  approximately  0.1  reciprocal  centimeter. 
With  this  cell  constant  the  authors’  laboratory-distilled  water 
showed  resistances  of  from  35,000  to  38,000  ohms  corresponding 
to  about  1  p.p.m.  of  methyl  bromide.  The  exact  cell  constant  is 
not  important,  since  the  fange  can  be  more  readily  adjusted  by 
changing  either  the  air  or  water  flow  rates.  To  adjust  the  cells 
to  a  constant  value,  the  electrodes  are  lightly  platinized  by  the 
procedure  outlined  by  Reilly  and  Rae  (3),  and  placed  inside  a 
14-mm.  outside  diameter  glass  tube.  Using  0.0001  N  hydro- 
bromic  acid  as  the  electrolyte,  the  platinum  is  trimmed  from  the 
low-resistance  electrode  pairs  until  all  match  the  electrode  pair 
having  the  highest  resistance. 

The  platinum  black  is  then  removed  by  electrolysis  in  aqua 
regia  for  a  few  minutes  and  the  electrodes  are  permanently 
mounted  in  14-mm.  outside  diameter  tubes  by  sealing  the 
platinum  lead  wires  through  the  glass.  Sections  of  appropriate 
tubing  are  sealed  to  each  end  of  the  electrode  envelope  to  permit 
subsequent  attachment  to  the  balance  of  the  cell.  These  ex¬ 
tended  tubes  should  be  of  length  to  permit  the  final  sealing  with¬ 
out  heating  or  drying  the  electrodes. 

The  electrode  assemblies  are  then  replatinized  and  calibrated 
with  several  concentrations  of  hydrobromic  acid  before  final  as¬ 
sembly.  This  calibration  should  be  carried  out  at  25°  C.,  since 
Micromax  conductivity  recorders  are  calibrated  to  show  the  cor¬ 
rect  resistance  at  this  temperature. 

The  concentrations  of  hydrobromic  acid  are  calculated  to 
correspond  to  the  proper  methyl  bromide  concentrations  accord¬ 
ing  to  the  following  formula: 

N  HBr  X  (ml.  per  minute  of  H20)  X  22.4  X  1,000,000  __ 
ml.  per  minute  of  air 

p.p.m.  of  methyl  bromide 

Thus  a  hydrobromic  acid  concentration  of  0.0001  N  corre¬ 
sponds  to  22.4  p.p.m.  in  the  atmosphere  when  using  an  air  flow 


rate  of  1000  ml.  per  minute  and  a  water  rate  of  10  ml.  per  minute. 
The  cell  has  a  resistance  of  1000  to  1500  ohms  at  this  concen¬ 
tration  and  25°  C.  The  range  of  the  Micromax  recorder  which 
was  used  in  conjunction  with  the  analyzer  was  250  to  50,000 
ohms.  It  was  possible  by  means  of  this  combination  to  detect 
1  p.p.m.  and  the  top  of  the  range  corresponded  to  100  to  200 
p.p.m.  The  maximum  safe  working  concentration,  which  was 
considered  to  be  30  p.p.m.,  was  easily  read  from  the  recorder 
chart.  A  scale  reading  in  parts  per  million  of  methyl  bromide 
was  provided  for  the  recorder  as  shown  in  Figure  7,  in  order  to 
permit  the  instantaneous  reading  of  the  methyl  bromide  concen¬ 
tration. 

The  stopcock  in  the  conductivity  cell  is  open  during  the  opera¬ 
tion  of  the  analyzer  to  permit  escape  of  the  air  through  this  leg  of 
the  cell.  When  the  analyzer  is  shut  down,  the  stopcock  is  closed 
and  most  of  the  water  is  drawn  out  of  the  cell  to  prevent  back¬ 
pressure  from  forcing  water  into  the  furnace. 

The  conductivity  cells  are  immersed  in  a  water  bath  equipped 
with  a  thermoregulator,  flexible-type  immersion  heater,  and 
electric  stirrer.  Water  is  added  to  the  bath  continuously  to  main¬ 
tain  its  level  and  prevent  the  temperature  from  rising  above 
40°  C.  Without  the  cooling  effect  of  the  added  water,  the  bath 
temperature  rises,  even  when  the  heater  is  off,  owing  to  the 
heating  effect  of  the  pyrolysis  furnace  and  the  hot  gases  emerging 
from  it  to  the  conductivity  cells. 

Furnace.  The  pyrolysis  furnace  may  be  constructed  to  ac¬ 
commodate  four,  six,  or  more  combustion  tubes.  Furnaces 
accommodating  four  and  six  tubes  have  actually  been  con¬ 
structed.  The  latter  was  built  as  follows:  Six  1.31-cm.  (0.625- 
inch)  inside  diameter  Alundum  tubes  20  cm.  (8  inches)  long  were 
arranged  adjacently  in  a  horizontal  position  and  held  in  place 
by  Transite  end  plates,  28.1  X  17.19  cm.  (11.25  X  6.875  inches), 
each  containing  six  holes  to  fit  over  the  tubes.  The  crevices 
between  the  tubes  were  filled  with  a  paste  made  of  Alundum  ce¬ 
ment  No.  1055  and  water.  The  center  10-cm.  (4-inch)  section 
of  the  tubes  was  wound  with  a  helical  coil  of  resistance  wire 


A.  Front  panel  from  left  side 


Figure  2.  Interior  of  Analyzer 
B .  Rear  panel  from  left  side 


C.  Rear  panel  from  right  side 
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Figure  3.  Front  of  Analyzer 


formed  by  winding  960  cm.  (32  feet)  of  No.  20  Chromel  A  wire 
on  a  0.3-cm.  (0.125-inch)  arbor.  This  helix  was  stretched  to 
cover  the  desired  center  section  of  the  tubes  and  was  covered 
with  a  0.6-cm.  (0.25-inch)  layer  of  Alundum  cement.  One  Tran- 
site  end  plate  was  removed  and  the  heating  unit  was  inserted  into 
a  rectangular  sheet  iron  shell.  The  shell  covered  the  front,  back, 
top,  and  bottom  of  the  furnace.  The  remaining  space  inside  this 
shell  was  filled  with  loose  Insulag  insulation  and  the  second  end 
plate  replaced.  An  additional  end  plate,  having  six  1.31-cm. 
(0.625-inch)  holes,  was  installed  at  either  end  of  the  heater  to 
keep  the  tubes  in  place.  The  entire  assembly  was  held  to¬ 
gether  by  two  rectangular  frames  made  of  1.25-cm.  (0.5-inch) 
angle  iron  made  to  fit  over  each  end  of  the  furnace  and  held  to¬ 
gether  by  two  tie  bolts,  one  on  top  and  one  on  the  bottom,  and 
running  lengthwise  of  the  furnace.  The  furnace  was  mounted 
on  a  panel  by  means  of  angle  irons  welded  to  the  end  frames. 

The  voltage  to  the  furnace  was  controlled  by  means  of  a  Variac 
auto  transformer,  type  200  CM  (General  Radio  Co.,  Cambridge, 
Mass.).  The  temperature  was  measured  by  a  chromel-alumel 
thermocouple  and  a  high-resistance  pyrometer  (Model  No.  30, 
0°  to  1200°  C.,  Wheelco  Instruments  Co.,  Chicago,  Ill.). 

The  six  systems  comprising  the  six-point  analyzer  are  in¬ 
stalled  in  a  cabinet  95  cm.  (38  inches)  wide,  65  cm.  (26  inches) 
deep,  and  92.5  cm.  (37  inches)  high.  Figure  2  shows  three  inte¬ 
rior  views  of  the  analyzer  cabinet.  At  the  left  is  the  rear  of  the 
front  panel,  including  the  hydrogen  and  vacuum  manifolds  and 
the  rear  of  the  Variac  autotransformer  and  the  pyrometer.  In 
the  center  is  shown  the  inside  of  the  rear  panel,  on  which  is 
mounted  the  pyrolysis  furnace  near  the  top  and  the  constant- 
temperature  bath  in  the  background.  In  the  lower  foreground 
are  the  three  pump  and  valve  assemblies.  At  the  right  is  shown 
the  interior  of  the  rear  panel  from  the  right  side  with  the  pyroly¬ 
sis  tubes  leading  from  the  furnace  to  the  conductivity  cells  which 
are  immersed  in  the  constant-temperature  bath.  In  the  fore¬ 
ground  are  the  air-water  separators. 

Figure  3  shows  the  outside  of  the  front  panel  containing  all  the 
necessary  electrical  switches,  adjusting  devices,  and  indicating 
instruments  except  the  water  bath  thermometer,  which  is  inside. 
At  the  upper  left  of  the  panel  are  the  hydrogen  rotameters  and 
needle  valves.  At  the  lower  left  are  the  air  rotameters  and  needle 
valves.  At  the  upper  center  are  the  vacuum  gage,  water  flow  in¬ 
dicator  for  the  constant-temperature  bath,  and  the  water-con¬ 
trolling  valve.  At  the  upper  right  of  the  panel  are  the  pilot  lights 
for  the  various  electrical  circuits,  the  pyrometer  for  the  furnace, 
and  the  autotransformer  for  controlling  the  furnace  temperature. 
At  the  lower  right  are  the  switches  for  the  water  pumps,  pyrom¬ 
eter,  vacuum  pump,  bath  heater,  furnace,  and  lights. 

In  Figure  4  is  shown  a  wiring  diagram  of  the  analyzer.  The 
solenoid  coils  must  be  wired  so  that  the  switches  will  break  the 
connection  in  both  wires,  as  shown.  Otherwise,  when  one  or  two 
pumps  are  off  the  other  one  or  two  will  operate  at  about  twice  the 
wattage  and  only  one  half  the  power. 


Saran  tubing  has  been  found  useful  in  the  construction  of  the 
analyzer  for  conducting  water,  air,  and  hydrogen  flows.  Saran 
is  connected  to  glass  or  other  tubing  by  means  of  short  lengths  of 
rubber  tubing,  as  may  be  seen  in  Figure  2. 

EXPERIMENTAL  * 

The  apparatus  used  in  the  experimental  work  consisted  of  three 
main  sections — namely,  air  purification,  sample  addition,  and  anal¬ 
ysis  section.  The  air  used  in  the  experimental  work  was  purified 
of  any  material  which  would  affect  the  electrical  conductivity  of 
the  pyrolyzed  product,  by  passing  it  through  a  quartz  tube  which 
was  maintained  at  a  temperature  of  about  1000°  C.  The  air 
feed  to  this  pyrolysis  tube  was  saturated  with  water  vapor  to 
ensure  complete  pyrolysis.  The  air  leaving  the  pyrolysis  tube 
was  bubbled  through  6  N  sodium  hydroxide  to  remove  any  acidic 
gases. 

Addition  of  methyl  bromide  to  the  air  stream  was  accomplished 
by  two  means.  The  more  satisfactory  consisted  of  adding  a  small 
flow  of  highly  concentrated  methyl  bromide  vapor. 

A  weighed  capsule  of  methyl  bromide  was  introduced  into  a 
250-ml.  graduated  separatory  funnel.  After  breaking  the  cap¬ 
sule  of  methyl  bromide  inside  the  evacuated  separatory  funnel, 
the  top  of  the  funnel  was  connected  to  the  analysis  section  of  the 
apparatus  and  purified  air  allowed  to  enter.  Mercury  was  passed 
from  an  elevated  reservoir  through  an  orifice-type  flowmeter  into 
the  bottom  of  the  separatory  funnel,  displacing  the  air-methyl 
bromide  mixture  into  the  purified  air  stream.  The  mercury  rate 
was  controlled  by  means  of  an  adjustable-flow  stopcock.  Thus 
the  rate  at  which  the  methyl  bromide-air  mixture  entered  the 
gas  stream  was  read  on  the  mercury  flowmeter.  This  was 
checked  against  the  graduations  on  the  separatory  funnel  and 
the  time  required  for  delivery. 

The  second  method  of  methyl  bromide  addition  was  based  on 
the  displacement  of  a  more  dilute  air-methyl  bromide  mixture 
into  the  analyzer  at  a  high  rate  by  means  of  acidified,  saturated 
sodium  chloride  solution.  The  brine  was  passed  from  an  elevated 
reservoir  through  a  calibrated  rotameter  into  the  sample  con¬ 
tainer,  which  was  a  20-liter  Pyrex  bottle.  The  brine  rate  was  con¬ 
trolled  by  means  of  a  screw  clamp  on  the  rubber  tubing  leading 
to  the  sample  container. 

In  operation,  air  passed  through  the  air  flowmeter,  humidifier, 
pyrolysis  tube,  and  absorber.  The  methyl  bromide-air  mixture 
of  known  composition  was  added  to  the  purified  air  stream  at  a 
known  rate  and  the  mixture  thus  obtained  was  passed  into  the 
analysis  section.  A  portable  Leeds  &  Northrup  resistivity  meter 
was  used  to  measure  the  conductivity  during  the  experimental 
work.  This  instrument  permitted  the  measurement  of  concen¬ 
trations  beyond  200  p.p.m.  of  methyl  bromide,  which  was  the 
upper  limit  of  the  Micromax  recorder  with  the  authors’  particu¬ 
lar  conductivity  cells. 


Figure  4.  Wiring  Diagram  of  Analyzer 

A.  Thermocouple  H.  Furnace 

B.  Pyrometer  /.  Thermoregulator 

C.  Solenoid  coils  J.  Bath  heater 

D.  Timer  Stirrer 

E.  Panel  lights  L.  Vacuum  pump 

F.  Interior  lights  M.  Pilot  lights 

G.  Autotransformer  N.  Fuses 
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In  the  initial  work,  before  hydrogen  was  added  to  the  air 
stream,  recoveries  were  low  and  erratic,  varying  from  20  to  80% 
of  the  amount  taken.  The  relatively  high  dissociation  constant 
of  hydrogen  bromide  at  elevated  temperatures  suggested  that  the 
formation  of  free  bromine  might  account  for  the  erroneous  re¬ 
sults.  To  test  this  possibility,  a  second  absorber  charged  with 
dilute  sodium  hydroxide  was  placed  in  the  train.  A  substantial 
amount  of  free  bromine  was  found  in  this  absorber.  Prevention 
of  bromine  formation  or  its  reduction  to  hydrogen  bromide  after 
it  is  formed  is  essential  to  the  utilization  of  the  conductivity 
method  for  methyl  bromide.  Olsen,  Smyth,  Ferguson,  and 
Scheflan  (2)  have  shown  that  the  formation  of  free  chlorine  dur¬ 
ing  the  thermal  decomposition  of  carbon  tetrachloride  in  air  can 
be  prevented  if  a  sufficiently  high  hu¬ 
midity  is  maintained.  However,  humidi¬ 
fication  of  the  air  did  not  appear  promis¬ 
ing  in  this  application.  Addition  of 
large  amounts  of  moisture  in  the  train 
resulted  in  a  slight  increase  in  re¬ 
covery  of  added  methyl  bromide,  but 
caused  complications  due  to  condensa¬ 
tion  of  the  moisture  in  cooler  parts  of 
the  train. 

The  use  of  hydrogen  appeared  to  be  a 
good  possibility  in  preventing  the  forma¬ 
tion  of  bromine  or  in  reducing  it  to  hy¬ 
drogen  bromide  after  ft  is  once  formed. 

The  hydrogen  could  presumably  be  regu¬ 
lated  to  provide  the  desired  excess  of 
oxygen  or  of  hydrogen  in  the  furnace. 

Quantitative  recovery  of  methyl  bro¬ 
mide  required  the  addition  of  sufficient 
hydrogen  to  react  with  all  the  oxygen 
of  the  air.  The  use  of  30%  excess  hy¬ 
drogen  caused  no  deleterious  effects  and, 
accordingly,  a  slight  excess  of  hydrogen 
was  adopted. 

In  order  to  ensure  complete  absorp¬ 
tion  of  the  hydrogen  bromide  the  first 
conductivity  cell  contained  a  built-in 


absorber  consisting  of  an  Alundum 
extraction  thimble  through  which  the 
air  stream  diffused  into  the  water  in 
the  cell.  In  this  system  water  was 
fed  directly  to  the  cell  at  the  top  of 
the  spray  bulb,  rather  than  into  the 
quartz  tube  near  the  furnace.  Erratic 
results  were  obtained  with  this  system. 
Calculation  showed  that  the  dew  point 
of  the  air  stream  leaving  the  furnace 
was  70°  or  80°  C.,  owing  to  the  com¬ 
bustion  of  hydrogen.  The  cell  was 
thermostated  at  40°  C.,  thus  causing 
condensation  of  moisture  inside  the 
air  line  as  it  entered  the  bath.  Drops 
of  water  were  observed  to  form  at  in¬ 
tervals  in  the  air  line  and  to  run  down 
into  the  diffuser.  Raising  the  tempera¬ 
ture  of  the  bath  above  the  dew  point 
eliminated  condensation  and  gave  uni¬ 
form  results  but  equilibrium  was  at¬ 
tained  only  very  slowly  under  these 
conditions.  The  cause  of  this  lag  is 
not  well  understood,  but  it  appeared  to 
be  associated  with  the  diffuser.  Ac¬ 
cordingly,  this  unit  was  eliminated  and 
the  water  was  added  as  near  the  furnace 
as  possible,  before  any  condensation  is  likely.  Thus  that  portion 
of  the  air  line  in  which  condensation  does  occur  is  continually 
flushed  with  water  into  the  conductivity  cell.  This  system  gave 
concordant  results  and  rapid  response  to  changes  in  concentration. 

Upon  bringing  the  furnace  up  to  operating  temperature,  no 
methyl  bromide  was  recovered  below  690°  C.  Reaction  between 
hydrogen  and  oxygen  started  at  690°  C.  but  was  somewhat  erratic 
until  the  temperature  reached  800°  C.  Recovery  of  methyl 
bromide  during  this  temperature  interval  was  approximately 
quantitative  although  somewhat  erratic.  Burning  was  smooth 
as  the  temperature  was  raised  to  1100°  C.  and  again  reduced  to 
670°  C.  and  recovery  of  methyl  bromide  was  precise  over  this  in¬ 
terval  as  shown  in  Figure  5.  These  data  indicate  that  a  mini- 
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mum  furnace  temperature  of  800°  C.  is  desirable,  although  if 
burning  has  already  been  initiated,  it  may  continue  to  occur  at 
lower  temperatures. 

The  erratic  results  between  690°  and  800°  C.  may  have  been 
associated  with  the  type  of  burner  used  for  this  test.  The  sys¬ 
tem  of  burning  involved  mixing  the  gases  before  entry  into  the 
furnace.  Backfiring  to  the  point  of  mixing  was  prevented  by 
passing  the  mixed  gas  through  a  small  quartz  capillary  at  a  high 
velocity.  The  capillary  ended  just  inside  the  furnace.  The 
capillary  alone  did  not  provide  sufficient  velocity  to  prevent 
backfiring,  which  was  finally  prevented  by  inserting  a  small  piece 
of  platinum  wire  inside  the  capillary.  While  this  system  gave 
satisfactory  burning,  the  small  capillary  plugged  at  frequent  in¬ 
tervals,  causing  excessive  maintenance  costs.  The  use  of  the 
burner,  which  is  shown  in  Figure  1,  prevented  mixing  of  the  air 
and  hydrogen  until  they  had  entered  the  hot  section  of  the  quartz 
tube,  successfully  prevented  backfiring  and  plugging  of  the  tube, 
and  reduced  maintenance  on  the  apparatus. 

The  recovery  of  methyl  bromide  over  the  range  14  to  600 
p.p.m.  is  illustrated  graphically  in  Figure  6.  A  logarithmic  scale 
is  utilized  for  the  methyl  bromide  concentration  in  order  to  illus¬ 
trate  the- wide  range  of  the  method  as  well  as  the  accuracy  and 
precision  at  low  levels.  The  errors  up  to  50  p.p.m.  do  not  ex¬ 
ceed  1  or  2  p.p.m.  and  the  errors  at  higher  levels  do  not  exceed 
10%  of  the  amount  taken.  Errors  are  predominantly  positive. 
This  suggests  a  slight  error  in  calibration.  This  constant  error 
could  be  eliminated  and  a  precision  of  ±5%  obtained  by  em¬ 
pirical  calibration. 

From  Figure  6  it  is  seen  that  the  apparatus  responds  rapidly  to 
changes  in  the  composition  of  the  atmosphere.  Equilibrium  after 
a  change  in  composition  was  established  in  4  to  5  minutes  and 
about  80%  of  the  change  took  place  in  1  to  2  minutes.  A  some¬ 
what  longer  time,  up  to  8  minutes,  was  required  for  equilibrium  to 
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be  established  when  starting  from  zero  concentration  and  12  to 
15  minutes  were  required  for  the  apparent  concentration  to  drop 
to  a  negligible  value  after  shutting  off  the  methyl  bromide. 

Orifice  meters  may  be  used  for  measuring  the  gas  flows  but 
must  be  specially  constructed  to  reduce  the  space  requirements  to 
a  minimum.  Another  disadvantage  of  orifice  meters  is  that  they 
create  an  additional  pressure  drop  through  the  system,  thus  in¬ 
creasing  the  height  of  the  standleg  required  for  the  discharge  of 
the  water.  The  water  rises  only  15  to  30  cm.  (6  to  12  inches)  in 
the  standleg  of  the  apparatus  described  herein,  while  in  an  earlier 
model  in  which  orifice  meters  and  other  constrictions  were  pres¬ 
ent  to  increase  pressure  drop,  the  rise  was  240  to  300  cm.  (8  to 
10  feet).  Rotameters  have  an  additional  advantage  over  the 
liquid-filled  orifice  meters,  in  that  liquid  is  not  blown  into  the 
train  if  the  capacity  of  the  meter  is  temporarily  exceeded.  The 
manufacturers  furnished  calibrations  for  both  the  air  and  hy¬ 
drogen  rotameters.  The  calibrations  were  checked  and  those 
for  the  air  flowmeters  were  found  to  be  accurate.  The  hydro¬ 
gen  rotameters,  which  were  furnished  by  two  leading  manu¬ 
facturers,  indicated  1.5  to  2.5  times  the  volume  of  hydrogen  ac¬ 
tually  observed.  This  is  apparently  due  to  the  fact  that  the 
manufacturer  calibrated  both  rotameters  against  air  and  calcu¬ 
lated  the  calibration  for  hydrogen  from  this,  whereas  the  au¬ 
thors  calibrated  both  types  of  rotameters  with  the  gas  which  they 
were  to  measure. 

Several  different  types  of  solenoids  were  tested  during  the 
course  of  the  experimental  work.  A  number  of  commercial 
solenoids  overheated,  causing  the  water  to  boil  out  of  the  pump. 
The  solenoid  assembly  which  was  finally  adopted  is  one  of  several 
experimental  models.  The  pump  using  this  solenoid  assembly 
will  pump  accurately  under  a  240-cm.  (8-foot)  head  of  water  at  a 
rate  of  10  cycles  (20  strokes)  per  minute.  It  will  pump  under  a 
higher  head  but  does  not  make  a  complete  stroke. 

An  aspirator  was  used  as  the  vacuum  source  during  the  experi¬ 
mental  work.  Fluctuations  in  water  pressure  caused  fluctua¬ 
tions  in  the  air-flow  rate.  A  throttling  air-flow  rate  controller 
was  built  to  eliminate  this  irregularity.  The  vacuum  was  turned 
on  at  a  rate  greater  than  the  desired  air  rate  and  the  excess  air 
was  bled  in  through  the  controller.  Experience  showed  that  a 
vacuum  pump,  such  as  a  Cenco-Pressovac,  is  a  far  more  satisfac¬ 
tory  source  of  vacuum.  A  constant  vacuum  can  be  obtained  in 
this  manner  and  precise  control  of  the  air  flow  is  possible  even 
without  the  controller,  provided  good  needle  valves  are  used  to 
proportion  the  flow  among  the  several  systems. 

It  is  necessary  to  use  a  good  grade  of  distilled  water.  A 
Barnstead  water  still  was  used  and  no  special  precautions  were 
taken  with  the  distilled  water  supply.  The  blank  on  the  distilled 
water  supply  did  not  exceed  2  p.p.m.  of  methyl  bromide.  It  is 
possible,  however,  that  distilled  water  might  be  obtained  under 
certain  conditions  which  would  contain  sufficient  electrolyte  to  in¬ 
terfere  with  the  measurement  of  the  conductivity.  For  this 
reason,  it  is  desirable  to  run  an  occasional  blank  on  the  distilled 
water  supply.  This  can  be  accomplished  by  closing  the  air¬ 
flow  needle  valve  until  the  air  flow  is  reduced  to  a  minimum  and 
then  pinching  off  the  air  flow  entirely  af>  the  furnace  entrance. 
The  hydrogen  continues  to  bubble  through  the  train  and  to  sweep 
the  water  out  of  the  system. 

Figure  7  is  a  photograph  of  a  portion  of  the  record  obtained 
with  a  four-point  analyzer.  The  various  points  are  indicated  by 
a  number  beside  the  recorded  dot.  In  the  six-point  analyzer 
both  the  numbers  and  dots  have  distinctive  colors. 

The  Micromax  recorder  is  equipped  with  a  contact  which 
sounds  an  alarm  when  the  methyl  bromide  concentration  rises 
above  30  p.p.m.  This  protects  personnel  not  in  view  of  the  re¬ 
corder,  as  when  sampling  in  different  buildings  or  in  remote 
areas  of  the  same  building.  By  means  of  long,  flexible  sampling 
tubes,  surveys  of  vapor  concentrations  in  different  areas  can  be 
made.  This  same  system  has  proved  very  valuable  in  detecting 
and  locating  leaks  in  equipment  and  containers.  A  similar 
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apparatus  has  been  used  very  successfully  in  the  continuous 
determination  of  carbon  tetrachloride.  In  this  application,  no 
hydrogen  is  required,  providing  a  relatively  high  humidity  is 
maintained.  This  can  readily  be  accomplished  by  bubbling  the 
sample  through  water  prior  to  combustion.  The  determination 
of  other  volatile  chlorinated  hydrocarbons  could  presumably  be 
determined  similarly. 
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Methyl  bromide  in  concentrations  as  low  as  1  part  per  million  is 
determined  by  combustion  in  a  quartz  tube  at  950°  to  1000°  C. 
and  absorption  of  the  combustion  products  in  dilute  sodium  hy¬ 
droxide.  The  bromine  content  of  the  sodium  hydroxide  solution 
is  determined  by  the  Kolthoff-Yutzy  procedure.  The  method  is 
readily  adjusted  to  any  concentration  level  by  adjusting  the  sample 
size.  Recovery  of  larger  amounts  is  98%  complete. 

A  METHOD  for  the  determination  of  methyl  bromide  in  the 
atmosphere  in  low  concentrations  was  desired  to  detect  the 
presence  of  hazardous  concentrations  when  manufacturing  and 
handling  this  compound.  Stenger,  Shrader,  and  Beshgetoor 
(2)  recommended  hydrolysis  of  methyl  bromide  with  mono- 
ethanolamine  followed  by  titration  of  the  bromides  formed  by 
hydrolysis.  They  applied  this  method  to  the  determination  of 
methyl  bromide  at  relatively  tiigh  concentrations.  Preliminary 
tests  indicated  that  the  method  was  useful  at  high  concentrations 
where  the  bromides  could  be  titrated  by  the  Volhard  method. 
However,  at  low  concentrations,  it  was  necessary  to  titrate  the 
bromide  by  the  procedure  of  Kolthoff  and  Yutzy  ( 1 )  and  to  re¬ 
move  the  monoethanolamine  before  applying  this  latter  method. 
The  removal  of  the  monoethanolamine  proved  troublesome  and 
other  means  for  analysis  were  sought. 

Combustion  (or  pyrolysis)  at  high  temperatures  in  a  quartz 
tube  has  been  widely  applied  to  the  determination  of  the  chlo¬ 
rine  content  of  chlorinated  hydrocarbons  in  the  atmosphere. 
Apparently  no  attempt  has  been  made  to  apply  this  principle  to 
brominated  hydrocarbon  vapors.  While  somewhat  more  elabo¬ 
rate  apparatus  would  be  required  than  in  a  hydrolysis  proce¬ 
dure,  no  foreign  substance  need  be  introduced  and  the  sample 
size  could  be  varied  more  readily.  In  addition,  experience 
showed  that  at  low  concentrations  where  it  was  necessary  to  ap¬ 
ply  the  Kolthoff- Yutzy  titration  procedure,  combustion  was 
more  rapid  than  hydrolysis. 

APPARATUS  AND  REAGENTS 

The  sample  bottle,  combustion  tube  and  furnace,  diffuser  and 
absorber,  flowmeter,  and  needle  valve  illustrated  in  Figure  1  are 
required. 

Combustion  Furnace.  A  20-cm.  (8-inch)  tube  furnace  was 
made  by  winding  resistance  wire  around  a  20-cm.  (8-inch)  length 
of  2.5-cm.  (1-inch)  quartz  tubing  and  insulating  with  Alundum 
cement  and  magnesia  pipe  lagging.  The  voltage  to  the  furnace 
was  controlled  by  means  of  a  Variac,  type  200-CM.  The  tem¬ 
perature  was  measured  by  means  of  a  chromel-alumel  thermo¬ 
couple  and  a  milliammeter.  The  milliammeter  was  calibrated 
against  an  L.  &  N.  portable  potentiometer. 

Combustion  Tube.  A  50-cm.  (20-inch)  length  of  4-mm. 


inside  diameter  quartz  tubing  was  bent  at  a  90°  angle  2.5  cm.  (1 
inch)  from  the  exit  end.  This  tube  should  extend  15  cm.  (6 
inches)  beyond  the  furnace  on  the  exit  side  to  permit  dissipation 
of  the  heat  of  the  exit  gases. 

Diffuser  and  Absorber.  The  diffuser  is  a  6  X  37  mm. 
Alundum  extraction  thimble  No.  RA98  sealed  to  the  end  of  a 
32-mm.  length  of  7-mm.  glass  tubing.  The  absorber  is  made 
from  a  14-cm.  length  of  14-mm.  glass  tubing. 

Flowmeter,  Scientific  Glass  Apparatus  Co.,  Catalog  No.  J- 
1912. 

Needle  valve,  Hoke,  straight,  0.3  cm.  (0.125  inch),  V-point, 
No.  341. 

Sodium  hydroxide,  approximately  0.1  N. 

Sodium  hypochlorite  about  5%.  A  commercial  bleaching  agent 
(Clorox)  was  used. 

Sodium  dihydrogen  phosphate,  NaH2P04.H20,  200  grams  per 
liter. 

Sodium  formate,  500  grams  per  liter.  This  solution  is  usually 
turbid  and  is  filtered  before  using. 

Ammonium  molybdate,  50  grams  per  liter  of  M0O3. 

Potassium  iodide,  300  grams  per  liter. 

Sulfuric  acid,  6  N. 

Sodium  thiosulfate,  0.01  N  containing  0.4  gram  per  liter  of 
sodium  carbonate. 

Starch,  10  grams  per  liter. 

The  sodium  phosphate,  sodium  formate,  potassium  iodide, 
and  sulfuric  acid  are  added  by  means  of  dispensers  consisting 
of  pipets  cut  off  at  the  bottom  of  the  bulb.  The  pipet  is  fitted 
in  a  one-hole  rubber  stopper,  so  that  the  bulb  is  at  the  bottom 
of  the  reagent  bottle.  A  notch  is  cut  in  the  stopper  to  permit 
equalization.  When  dispensing  the  reagent  the  analyst  closes  the 
top  of  the  filled  dispenser  with  his  finger,  raises  the  dispenser, 
and  discharges  it  into  the  reaction  flask. 

PROCEDURE 

Set  up  the  combustion  furnace,  absorber,  flowmeter,  and 
needle  valve  shown  in  Figure  1 .  Charge  the  absorber  with  10  ml. 
of  0.1  N  sodium  hydroxide.  If  the  sample  is  to  be  taken  directly, 
connect  the  inlet  side  of  the  furnace  by  rubber  or  Saran  tubing 
directly  to  the  point  at  which  the  sample  is  to  be  taken.  Turn 
on  the  needle  valve  and  adjust  the  air  flow  to  500  ml.  per  minute. 
Start  the  stop  watch  simultaneously.  Continue  the  air  flow  for 
4  minutes  or  longer,  depending  on  the  sensitivity  which  is  re¬ 
quired.  If  the  sample  is  taken  in  a  bottle,  connect  it  to  the 
furnace  through  an  L-tube  at  F  and  attach  a  bottle  containing 
acidified  saturated  sodium  chloride  at  E.  Open  stopcock  D. 
Turn  on  the  needle  valve  until  an  air  rate  of  about  500  ml.  per 
minute  is  obtained.  When  the  sample  bottle  has  been  filled  with 
brine,  stop  the  brine  flow  by  closing  stopcock  D,  then  turn  off  the 
needle  valve.  Disconnect  the  sample  bottle  from  the  furnace 
to  allow  the  air  pressure  to  equalize. 

Disconnect  the  absorber,  first  from  the  quartz  tube,  then  from 
the  flowmeter.  Pour  the  liquid  from  the  absorber  into  a  250- 
ml.  conical  flask.  Pipet  5  ml.  of  distilled  water  into  the  diffuser 
and  force  it  through  the  diffuser  into  the  absorber  by  means  of  a 
rubber  bulb.  Combine  this  washing  with  the  absorber  liquid 
and  wash  three  more  times  in  the  same  manner,  transferring  each 
washing  separately  to  the  flask. 
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To  the  combined  absorber  liquid  and  washings  add  5  ml.  of 
sodium  hypochlorite  solution  by  means  of  a  pipet.  Add  8  to  10 
ml.  of  sodium  dihydrogen  phosphate  and  heat  the  solution  just 
to  boiling.  Add  3  to  4  ml.  of  sodium  formate  and  again  bring  to 
a  boil.  Cool  to  room  temperature  in  a  stream  of  water.  To  the 
cooled  solution  add  100  ml.  of  cold  water  (about  10°  C.).  Add 
2  drops  of  ammonium  molybdate  solution,  8  to  10  ml.  of  potas¬ 
sium  iodide  solution,  and  20  to  25  ml.  of  6  Ar  sulfuric  acid.  Ti¬ 
trate  promptly  with  0.01  N  sodium  thiosulfate  solution.  Add  3 
to  4  ml.  of  starch  solution  just  before  the  end  point  is  reached  and 
titrate  until  the  last  visible  trace  of  pink  or  blue  color  just  dis¬ 
appears. 


A  reagent  blank  containing  all  the  reagents  including  the 
0.1  N  sodium  hydroxide  is  prepared  and  carried  through  the  titra¬ 
tion  procedure  and  is  subtracted  from  the  sample  titration. 


Ml.  of  0.010  ATNaaSiOa  X  41.5 
liters  of  sample 


p.p.m.  of  methyl  bromide 


The  volume,  L,  of  G  in  liters  is  determined  approximately  by 
filling  with  water  from  a  graduate. 

The  concentration  in  H  is  calculated  as  follows: 

_  (Pi  -  Pi)  Ci 

Pi 

where  Pi  is  pressure  in  G  before  adjustment 
pi  is  pressure  in  H  before  adjustment 
P2  is  pressure  in  both  G  and  H  after  adjustment 

To  determine  the  volume  of  air  which  must  be  passed  through 
the  system  to  recover  all  the  methylbromide,  approximately  500 
p.p.m.  of  methyl  bromide  were  introduced  into  H  and  air  was 
swept  through  the  system  at  the  rate  of  1000  ml.  per  minute  for 
2.5-minute  intervals.  The  air  flow  was  stopped  after  each  inter¬ 
val  and  fresh  caustic  introduced  into  the  absorber.  Each  por¬ 
tion  of  caustic  was  titrated  separately  for  bromides.  The  data 
obtained  (Table  I)  indicate  that  a  minimum  of  17.5  liters  of  air 
must  be  passed  through  the  system  for  maximum  recovery. 
A  20-liter  air  sweep  was  used  in  subsequent  tests. 


EXPERIMENTAL 

The  sampling  apparatus  shown  in  Figure  1  was  employed  to 
obtain  the  small  concentrations  required  for  this  work. 

A  weighed  quantity  of  methyl  bromide  is  sealed  in  a  glass  cap¬ 
sule  following  the  procedure  employed  by  Stenger,  Shrader,  and 
Beshgetoor  (2).  The  sealed  capsule  is  placed  in  the  9-liter  bottle, 
G,  the  bottle  is  closed  by  means  of  the  standard-taper  joint  as¬ 
sembly,  and  the  capsule  broken  by  shaking  the  bottle.  The  2- 
liter  bottle,  H,  is  partially  evacuated  to  a  predetermined  pres¬ 
sure,  depending  on  the  concentration  desired  in  H,  by  applying 
suction  at  E.  The  pressure  in  G  is  measured  by  means  of  the 
Zimmler-type  manometer  with  stopcock  A  open  and  B  closed; 
A  is  now  closed  and  B  opened  to  obtain  the  pressure  in  H.  Both 
A  and  B  are  now  opened  ( C  is  kept  closed  throughout  these  manip¬ 
ulations)  and  the  pressure  again  measured.  The  concentration 
of  methyl  bromide  in  G  in  parts  per  million  is  given  by  the  follow¬ 
ing  formula,  calculated  at  27°  C.  and  750  mm.  pressure: 

„  _  grams  of  CH3Br  X  263,000 


The  Kolthoff-Yutzy  procedure  is  best  applied  to  small  volumes. 
It  appeared  that  some  care  might  have  to  be  exercised  in  the  de¬ 
sign  of  the  absorber  and  in  the  manipulations  to  avoid  a  subse¬ 
quent  evaporation  prior  to  the  oxidation  and  titration.  Several 
portions  of  sodium  bromide,  equivalent  to  460  micrograms  of 
methyl  bromide,  were  diluted  to  various  volumes  and  analyzed 
in  the  usual  manner.  Negative  errors  were  obtained  at  all  dilu¬ 
tions  and  the  magnitude  of  the  errors  increased  sharply  above 
80  ml.  (Figure  2) .  These  data  indicate  that  the  volume  should  be 
kept  as  small  as  possible  for  the  best  results. 

The  absorber  (Figure  1)  requires  about  10  ml.  of  fluid  to  fill 
to  the  bottom  of  the  spray  bulb.  To  determine  the  minimum 
volume  of  water  required  for  washing  the  diffuser  a  2-liter  sample 
containing  500  p.p.m.  of  methyl  bromide  was  analyzed  in  the 
usual  manner  except  for  the  washing.  The  diffuser  was  washed 
with  six  5-ml.  portions  of  water.  The  caustic  in  the  diffuser,  the 
first  and  second,  the  third  and  fourth,  and  the  fifth  and  sixth 
washings  were  oxidized  and  titrated  separately.  The  data  ob¬ 
tained  (Table  II)  indicate  that 
even  six  washings  may  not  re¬ 
move  all  of  the  bromides.  How¬ 
ever,  since  in  the  final  procedure 
each  washing  is  transferred 
separately,  fewer  washings 
would  be  required  and,  since 
excessive  dilution  introduces  an 
error,  the  use  of  four  separate 
5-ml.  washes  was  ado  pted. 

A  study  of  the  effect  of  fur¬ 
nace  temperature  indicated  that 
satisfactory  results  were  ob¬ 
tained  above  approximately 
900°  C.  Recovery  broke 
sharply  below  this  temperature 
and  no  recovery  was  obtained 
below  a  temperature  of  about 
700°  C.  Tebbens  (S)  reported 
that  platinum  reduces  the  mini¬ 
mum  temperature  required  for 
the  decomposition  of  carbon 
tetrachloride  in  the  air.  No 
change  was  observed  in  the 
minimum  temperature  required 
for  complete  combustion  of 
methyl  bromide  when  2  grams 
of  scrap  platinum  wire  were  in¬ 
troduced  mto  the  combustion 
tube.  Subsequent  work  was 
done  at  a  temperature  of  950° 
to  1000°  C. 

The  data  in  Table  III  show 
that  the  recovery  decreases  wi th 
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Figure  1.  Sampling,  Combustion,  and  Absorption  Apparatus 
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Table  I.  Volume  of  Air  Required  to  Sweep  Methyl  Bromide  from 

2-Liter  Bottles 


Cumulative 

Recovery 

Incre-  Cumu- 

Cumulative 

Recovery 
Incre-  Cumu- 

Volume 

mental 

lative 

Volume 

mental 

lative 

Ml. 

% 

% 

Ml. 

% 

% 

2,500 

54.3 

54.3 

12,500 

1.0 

93.3 

5,000 

28.0 

82.3 

15,000 

1.0 

94.3 

7,500 

•  7.0 

89.3 

17,500 

0.3 

94.6 

10,000 

3.0 

92.3 

20,000 

0.0 

94.6 

Table  II.  Effect  of  Washing  Diffuser 

Recovery,  % 

Absorber  53 . 1 

First  and  second  washing  28.8 

Third  and  fourth  washing  5.4 

Fifth  and  sixth  washing  2.7 


increasing  air  flow  rate.  White  vapors  were  observed  above  the 
absorber  liquid  at  the  highest  air  flow  rate  (2000  ml.  per  minute), 
suggesting  incomplete  absorption  of  hydrogen  bromide.  How¬ 
ever,  no  significant  amount  of  hydrogen  bromide  was  recovered 
in  a  second  absorber  and  white  vapors  were  observed  there  also. 
No  satisfactory  explanation  can  be  advanced  for  this  phenome¬ 
non.  While  recovery  at  the  lowest  rate  (500  ml.  per  minute) 
was  not  quantitative,  it  appears  that  further  reduction  in  flow 
rate  is  not  likely  to  improve  recovery  further. 

The  accuracy  of  the  method  was  determined  using  the  sam¬ 
pling  apparatus  shown  in  Figure  1.  In  each  case  20  liters  of  air 
were  drawn  through  the  2-liter  bottle,  H,  at  a  rate  of  500  ml.  per 
minute.  An  average  recovery  of  about  98%  of  the  amount 
taken  was  obtained  at  the  higher  concentrations  (Table  IV).  A 
possible  explanation  for  these  slightly  low  recoveries  at  high 
concentrations  is  suggested  below.  Errors  at  lower  concentra¬ 
tions  tend  to  be  positive  and  do  not  exceed  2  p.p.m.  The  positive 
errors  may  be  due  to  the  presence  of  a  small  amount  of  methyl 
bromide  in  the  laboratory  atmosphere.  Since  the  volume  of 
air  which  was  passed  through  the  furnace  was  10  times  the 
volume  of  the  sample  bottle,  a  concentration  of  0.2  p.p.m.  of 
methyl  bromide  in  the  atmosphere  would  account  for  this  error. 

These  data  show  that  this  method  will  detect  methyl  bromide 
in  concentrations  as  low  as  1  or  2  p.p.m.  when  using  a  2-liter 
sample.  The  sensitivity  of  the  method  may  readily  be  increased 
several-fold  by  increasing  the  sample  size.  The  technique  of 
sweeping  air  through  a  sample  bottle,  until  free  of  methyl  bro¬ 
mide  is  not  practical  for  routine  work,  owing  to  the  long  time 
required  to  complete  the  air  sweep.  Two  methods  of  sampling 
may  be  used.  The  easiest  method,  where  feasible,  is  to  pass  air 
directly  from  the  point  which  it  is  desired  to  sample  to  the  com¬ 
bustion  furnace.  In  case  this  method  is  not  feasible  the  air  can 
be  swept  from  the  sample  bottle  into  the  furnace  by  filling  the 
bottle  with  acidified  saturated  sodium  chloride  solution.  The 
solubility  of  methyl  bromide  in  water  is  substantial,  between  1 
and  2%  by  weight  at  760-mm.  pressure,-  and  that  in  brine  is  prob¬ 
ably  of  the  same  order  of  magnitude.  However,  the  solu¬ 
bility  would  be  slight  when  only  a  few  parts  per  million  were 
present  in  the  air  and  experimentation  which  was  carried  out 
in  connection  with  a  continuous  method  {4)  indicates  that  there 
is  no  significant  error  from  this  source.  An  analysis  of  a  2- 
liter  sample  could  be  completed  in  15  to  20  minutes  if  either  of 
these  sampling  techniques  were  used. 

Dilute  sodium  hydroxide  was  used  as  the  absorbent  for  the 
combustion  products  in  this  work.  In  an  investigation  of  a  con¬ 
tinuous  method  for  methyl  bromide  (4)  it  was  found  that  part 
and  perhaps  all  of  the  methyl  bromide  is  converted  to  free  bro¬ 
mine  on  passing  through  the  combustion  furnace  and  that  the 
bromine  is  only  partially  absorbed  in  water.  The  recoveries 
obtained  by  absorption  in  0.1  N  sodium  hydroxide  indicate  that 
a  higher  concentration  of  sodium  hydroxide  is  not  necessary. 

In  several  applications  of  the  Kolthoff-Yutzy  procedure  in  this 
laboratory  departures  from  the  conventional  procedure  have  been 
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Figure  2.  Volume  vs.  Error  in  Titration  of  Bromide 

made.  These  departures  have  been  incorporated  into  the 
present  procedure.  For  convenience,  some  commercial  bleach¬ 
ing  agent,  usually  Clorox,  has  been  used  as  a  source  of  hypo¬ 
chlorite.  The  small  bromine  content  of  the  bleaching  agent  is 
corrected  for  by  means  of  the  blank.  Commercial  bleaching 
agents  almost  always  contain  some  chlorate  and  the  chlorate 
may  increase  the  magnitude  of  the  blank  slightly.  However, 
the  chlorate  content  is  usually  many  times  the  magnitude  of  the 
blank.  The  solution  is  diluted  with  100  ml.  of  cold  water  prior 
to  the  titration.  This  gives  a  dilution  having  a  temperature  a 
little  below  20°  C.,  even  in  the  summer,  which  is  ideal  for  the 
subsequent  iodometric  titration.  In  this  application,  no  sodium 
chloride  was  added  prior  to  oxidizing  the  bromide.  This  last 
factor  may  have  contributed  to  the  low  results  at  higher  concen¬ 
trations  noted  in  Table  IV  but,  since  the  method  was  intended 
primarily  for  low  concentrations,  this  point  was  not  investigated. 


Table  III.  Effect  of  Air  Flow  Rate 


Air  Flow 

Recovery 

Ml. /min. 

% 

2000 

81 

2000 

\ 

81 

2000 

81 

1000 

92 

500 

94 

Table  IV.  Range  and  Accuracy  of  Method 


Methvl  Bromide 

Methyl  Bromide 

Added 

Found 

Error 

Added 

Found 

Error 

P.p.m. 

P.p.m.  i 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

0.7 

1.6 

+  0.9 

18.0 

18.0 

0.0 

1.9 

3.4 

+  1.5 

24.5 

23.5 

-1.0 

2.2 

3.5 

+  1.3 

40.3 

40.3 

0.0 

3.6 

5.3 

+  1.7 

90.0 

87.0 

-3.0 

5.4 

6.3 

+  0.9 

132.0 

129.4 

-2.6 

5.9 

6.3 

+  0.4 

213.0 

213.0 

0.0 

9.2 

8.3 

-0.9 

286.9 

283.5 

-3.4 

11.2 

11.4 

+  0.2 

356.4 

348.4 

-8.0 

11.8 

11.3 

—  0.5 

439.0 

426.0 

-13.0 

17.0 

17.0 

0.0 

486.0 

476.0 

-10.0 
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Determination  of  Total  Sulfur  in  Rubber 

C.  L.  LUKE 

Bell  Telephone  Laboratories,  Inc.,  New  York,  N.  Y. 


The  range  of  the  hydriodic  acid  reduction-iodometric  titration 
method  for  the  determination  of  sulfur  in  semimicrosamples  of  rubber 
has  been  extended  to  provide  for  the  analysis  of  macrosamples 
containing  as  much  as  100  mg.  of  sulfur. 

IN  A  recent  article  ( 1 ),  the  author  described  a  rapid  method  for 
the  determination  of  total  sulfur  in  small  samples  of  rubber 
where  the  sulfur  present  did  not  exceed  about  5  mg.  This  method 
has  proved  to  be  so  rapid  and  convenient  that  it  has  appeared  de¬ 
sirable  to  extend  its  applicability  to  larger  quantities  of  sulfur. 
Experiments  have  shown  that  this  can  be  done  very  easily  by 
making  a  few  simple  changes  in  technique. 

REAGENTS 

Nitbic  Acid-Zinc  Oxide-Bromine  Mixture.  Dissolve  20 
grams  of  zinc  oxide  in  100  ml.  of  nitric  acid  and  saturate  with 
bromine. 

Acid  Mixture  for  Distillation.  Place  320  ml.  of  hydri¬ 
odic  acid  (specific  gravity  1.70),  320  ml.  of  hydrochloric  acid,  and 
90  ml.  of  hypophosphorous  acid  (50%)  in  a  1-liter  Erlenmeyer 
flask.  Add  a  few  grains  of  silicon  carbide  and  boil  vigorously 
without  cover  for  5  minutes.  Cool  in  an  ice  bath  to  room  temper¬ 
ature.  Keep  stoppered  in  a  brown  glass-stoppered  bottle  to 
avoid  oxidation  of  the  hydriodic  acid. 

Ammoniacal  Cadmium  Chloride  Solution.  Dissolve  20 
grams  of  cadmium  chloride  dihydrate  in  water.  Add  200  ml.  of 
ammonium  hydroxide  and  150  ml.  of  1%  starch  solution  and  di¬ 
lute  to  2  liters. 

Nitrogen.  Commercial  “prepurified”  lecture  bottle  tank 
nitrogen. 

Standard  Potassium  Iodate  Solution  (0.1  N).  Recrys¬ 
tallize  c.p.  potassium  iodate  from  water  twice  and  dry  at  180°  C. 
to  constant  weight.  Weigh  7.134  grains  of  the  pure  potassium 
iodate  and  dissolve  in  water.  Add  2  grams  of  sodium  hydroxide 
and  then  50  grams  of  potassium  iodide  (free  from  potassium 
iodate).  After  complete  solution  of  all  salts  adjust  to  room  tem¬ 
perature  and  dilute  to  2  liters  in  a  volumetric  flask. 

Standard  Sodium  Thiosulfate  Solution  (0.1  N).  Dissolve 
about  50  grams  of  sodium  thiosulfate  pentahydrate  in  2  liters  of 
freshly  boiled  and  cooled  distilled  water.  Store  in  a  clean  Pyrex 
bottle.  To  standardize  this  solution,  pipet  25  ml.  of  the  standard 
potassium  iodate  solution  into  a  300-ml.  Erlenmeyer  flask.  Add 
150  ml.  of  water  and  20  ml.  of  hydrochloric  acid  and  then  titrate 
with  the  thiosulfate  solution.  As  the  end  point  is  approached  add 
2  ml.  of  1%  starch  solution  and  titrate  carefully  until  the  solution 
is  colorless. 

Starch  Solution.  Add  a  cold  aqueous  suspension  of  10  grams 
of  soluble  starch  to  1  liter  of  boiling  water.  Cool  to  room  tem¬ 
perature  and  store  in  a  clean  bottle. 

\ 

PROCEDURE 

Dissolve  0.5  gram  of  the  rubber  sample  (containing  5  to  100 
mg.  of  sulfur)  in  10  ml.  of  nitric  acid-zinc  oxide-bromine  mixture 
and  15  ml.  of  fuming  of  nitric  acid  in  a  200-ml.  Erlenmeyer  flask 
as  described  ( 1 ).  After  destruction  of  the  organic  matter  and 
conversion  of  zinc  nitrate  to  oxide  add  10  ml.  of  hydrochloric 
acid  and  boil  down  to  near  dryness  to  expel  all  oxides  of  nitrogen. 
Repeat  if  necessary.  Add  35  ml.  of  hydriodic  acid  mixture,  and 
immediately  cap  with  the  distillation  head.  Place  on  a  hot  plate 
with  surface  temperature  of  170°  to  200  °C.  with  the  condenser  tube 
dipping  to  within  about  0.5  cm.  from  the  bottom  of  a  300-ml.  tail- 
form  beaker  containing  150  ml.  of  ammoniacal  cadmium  chloride 
solution.  Pass  a  slow  stream  of  pure  nitrogen  through  the  solu¬ 
tion  by  way  of  the  capillary  pressure  regulator  tube.  Adjust  the 
flow  of  nitrogen  so  that  it  escapes  from  the  receiver  solution  at  a 
rate  of  about  3  bubbles  per  second.  (The  rate  of  flow  is  not  crit¬ 
ical,  providing  it  is  not  so  fast  as  to  prevent  complete  absorption 
of  the  hydrogen  sulfide  by  the  receiver  solution;  or  so  slow  as  to 
permit  the  ammoniacal  solution  to  be  sucked  back  into  the  acid 
solution.) 


Heat  the  acid  solution  until  fumes  of  ammonium  chloride  begin 
to  appear  over  the  ammoniacal  solution  and  then  continue  for 
10  minutes  longer.  Remove  the  distilling  flask  and  detach  the 
distillation  head  at  once.  Transfer  the  traces  of  cadmium  sulfide 
from  the  condenser  tube  of  the  distillation  head  to  the  ammoni¬ 
acal  solution  with  the  aid  of  a  policeman  and  wash  bottle. 

Buret  or  pipet  enough  standard  0.1  A  potassium  iodate  solu¬ 
tion  to  provide  a  5-  to  25-ml.  excess  over  that  required  for  oxida¬ 
tion  of  the  sulfide,  to  a  500-ml.  iodine  flask.  Add  25  ml.  of  hy¬ 
drochloric  acid  to  the  iodate  in  the  flask  and  wash  down  the 
sides  with  water.  Immediately  pour  the  ammoniacal  solution 
into  the  flask  and  transfer  all  the  sulfide  with  the  aid  of  a  police¬ 
man  and  wash  bottle.  (If  the  starch-iodine  color  disappears, 
showing  that  too  little  iodate  has  been  used,  immediately  add 
more  iodate  from  a  buret  to  provide  about  a  5-ml.  excess.)  Im¬ 
mediately  stopper  and  shake  vigorously  to  entrap  any  sulfide  in 
the  atmosphere  in  the  flask.  Titrate  with  standard  0.1  N  sodium 
thiosulfate  solution.  Run  a  blank  through  the  whole  procedure, 
using  5  ml.  of  potassium  iodate  solution  for  the  oxidation  of  the 
sulfide. 

If  (ml.  of  KlOj  —  ml.  of  Na^O*  X  K103  factor)  =  A  and  (ml. 
of  K10»  for  blank  —  ml.  Na^Cb  for  blank  X  KlOj  factor)  =  B, 

0.1603  (A  —  B)  ,, 

■ - - ■  ,.  . - -  =  per  cent  sulfur 

sample  weight  in  grams 


then 


Table  I.  Determimation  of  Sulfur  in  Potassium  Sulfate  by  the 
Proposed  Method 


No. 

Sulfur  Present 

KIOs  Used 

Sulfur  Found 

Error 

Mg.  _ 

Ml. 

Mg. 

Mg. 

1 

5.0 

5 

5.1 

+0.1 

2 

5.0 

5 

5.0 

±0.0 

3° 

5.0 

25 

5.1 

+  0.1 

4 

10.0 

50 

10.0 

±0.0 

5 

10.0 

10 

10.0 

±0.0 

6b 

10.0 

10 

9.9 

-0.1 

7 

10.0 

10 

10.0 

±0.0 

8° 

25.0 

25 

25.0 

±0.0 

9 

50.0 

50 

50.0 

±0.0 

10“ 

50.0 

50 

49.8 

-0.2 

11 

100.0 

75 

100.2 

+  0.2 

12b 

100.0 

75 

99.9 

-0.1 

13“ 

100.0 

75 

99.8 

-0.2 

a  HN03-Zn0-Br2  mixture  used. 

&  Distillate  containing  CdS  cooled  to  10°  C.  before  titration. 


t  DISCUSSION 

In  the  above  method  the  distillation  is  performed  at  a  much 
lower  temperature  than  that  previously  used  and  gaseous  nitro¬ 
gen  is  used  to  sweep  the  hydrogen  sulfide  out  of  the  flask.  This 
procedure  eliminates  the  danger  of  loss  of  sulfide  caused  by  in¬ 
complete  absorption  in  ammoniacal  cadmium  chloride  solution 
when  large  quantities  of  hydrogen  sulfide  are  suddenly  distilled 
over. 

The  method  cannot  be  used  on  samples  which  contain  barium 
(and  presumably  lead  and  calcium)  because  the  insoluble  sulfate 
is  but  slowly  decomposed. 

The  iodometric  titration  of  large  amounts  of  hydrogen  sulfide 
suggested  in  the  previous  publication  is  not  very  sound,  since  the 
loss  of  a  certain  amount  of  iodine  can  hardly  be  avoided.  At¬ 
tempts  to  titrate  the  sulfide  by  addition  of  a  measured  excess  of  a 
standard  Wijs  solution  (iodine  monochloride  in  glacial  acetic 
acid),  followed  by  back-titration  of  the  excess  iodine,  failed  be¬ 
cause  high  results  were  obtained,  due  presumably  to  partial  oxi¬ 
dation  of  the  sulfide  to  sulfate. 

When  large  amounts  of  sulfide  are  titrated  iodometrically  the 
precipitated  sulfur  may  occlude  appreciable  amounts  of  iodine. 
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This  error  can  be  eliminated  by  dissolving  the  sulfur  in  carbon  di¬ 
sulfide,  but  a  better  procedure  is  to  keep  the  sulfur  colloidally  dis¬ 
persed  with  the  aid  of  starch. 

It  is  essential  that  nitrogen  acids  be  completely  expelled  be¬ 
fore  the  distillation  with  hydriodic  acid,  otherwise  sulfide  will  be 
oxidized  to  sulfur  during  the  distillation  and  unstable  end  points 
will  be  encountered  in  the  titrations  with  thiosulfate. 

APPLICATION  OF  THE  METHOD  TO  INORGANIC  ANALYSIS 

The  new  method  for  the  determination  of  sulfate  (1 )  has  proved 
very  useful  in  the  analysis  for  sulfur  in  chemicals  and  alloys  where 
the  usual  methods  fail.  Following  is  an  outline  of  the  method 
used  in  these  laboratories  for  the  determination  of  0.0005  to  0.05% 
sulfur  in  molybdenum  permalloy — i.e.,  79%  nickel,  17%  iron, 
and  4%  molybdenum. 

Dissolve  10  grams  of  the  metal  in  80  ml.  of  aqua  regia.  Evap¬ 
orate  to  moist  dryness  to  expel  most  of  the  excess  acid.  Add  35 
ml.  of  hydrochloric  acid  and  heat  to  dissolve  all  soluble  salts. 
Add  25  ml.  of  formic  acid  and  heat  to  destroy  the  nitric  acid. 
Transfer  the  solution  to  a  200-ml.  flask  and  reduce  the  volume  to 
50  to  60  ml.  by  boiling.  Add  35  ml.  of  acid  mixture  and  perform 


the  distillation  as  directed  in  the  procedure  above,  doubling  the 
time  of  distillation  (and  also  the  concentration  of  ammonium  hy¬ 
droxide  in  the  receiver)  in  order  to  assure  complete  expulsion  of 
the  hydrogen  sulfide.  Titrate  as  directed  ( 1 ). 

EXPERIMENTAL 

A  standard  solution  of  potassium  sulfate  was  prepared  by  dis¬ 
solving  27.18  grams  of  the  pure  dry  salt  in  water  and  diluting  to  1 
liter  in  a  volumetric  flask.  Aliquot  portions  of  the  solution  were 
evaporated  to  dryness  in  200-ml.  Erlenmeyer  flasks.  Hydriodic 
acid  mixture  was  added  and  the  samples  were  then  analyzed  for 
sulfur  as  directed  in  the  procedure.  In  some  instances,  10  ml.  of 
nitric  acid-zinc  oxide-bromine  mixture  were  added  to  the  sulfate 
sample  and  the  nitric  acid  and  bromine  were  expelled  before  the 
distillation  and  titration  (see  Table  I). 

• 
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Laboratory  Corrosion  Tests 

R.  M.  BURNS 

Bell  Telephone  Laboratories,  Inc.,  New  York,  N.  Y. 


A  critical  review  of  laboratory  corrosion  tests  is  presented,  with 
description  of  methods  of  measurement,  preparation  of  test  speci¬ 
mens,  and  discussion  of  tests  and  testing  facilities. 

A  CORROSION  test  is  a  procedure  for  determining  the  rate  of 
reaction  between  a  metallic  material  and  a  nonmetallic  ele¬ 
ment  of  the  surrounding  environment.  The  primary  electrolytic 
reactions  of  the  process  consist  in  the  anodic  dissolution  of  me¬ 
tallic  ions  and  the  cathodic  reduction  of  hydrogen  ions,  other  me¬ 
tallic  ions,  or  nonmetallic  elements.  These  reactions  occur  at 
•high  velocity.  Secondary  reactions  which  depend  upon  composi¬ 
tion,  diffusion,  convection,  and  solubility  of  components  of  the 
system  proceed  much  more  slowly  and  usually  control  the  rate  of 
the  corrosion  process. 

Most  environments  present  a  multiplicity  of  factors  which  may 
affect  corrosion  reactions  and  it  becomes  necessary  to  recognize 
those  which  are  of  significrance  in  a  given  instance.  Of  composi¬ 
tional  components  there  are  two  classes,  those  which  retard  and 
those  which  accelerate  corosion.  When  these  co-exist  in  a  nat¬ 
ural  environment,  as  is  usually  the  case,  their  relative  propor¬ 
tions  or  activities  may  determine  the  character  as  well  as  the  rate 
of  corrosion.  For  example,  when  the  ratio  of  retardant  to  acceler¬ 
ator  is  high  there  may  be  no  corrosive  attack;  when  it  is  low 
there  may  be  general  corrosion  over  the  metal  surface,  while  for 
intermediate  values  of  this  ratio  severe  pitting  action  may  de¬ 
velop.  Practical  corrosion  tests  are  often  more  concerned  with 
the  determination  of  rate  of  corrosion  in  localized  areas  than  in  the 
over-all  corrosion  rate  of  the  metallic  specimens.  For  example, 
tests  are  designed  to  measure  pitting,  loss  of  tensile  strength,  etc. 

The  purposes  for  which  laboratory  corrosion  tests  are  to  be 
used  may  determine  their  general  character.  If  a  test  is  intended 
to  be  used  as  a  control  test  to  ascertain  the  degree  of  uniformity  of 
successive  lots  of  a  given  material  it  is  desirable  to  provide  close 
control  and  standardization  of  conditions  and  procedures.  If  on 
the  other  hand  the  purpose  of  a  test  is  to  determine  the  relative 
suitability  of  materials  for  a  certain  application,  then  the  test 
conditions  should  be  patterned  as  closely  as  possible  after  the 
conditions  of  service. 

It  is  obvious  that  there  can  be  no  universal  corrosion  test — 


that  is,  no  single  test  by  means  of  which  the  corrodibility  of  a 
metal  in  all  environments  can  be  determined.  To  appraise  cor¬ 
rosion  resistance  it  is  first  necessary  to  know  precisely  the  char¬ 
acter  of  environments  to  which  the  metal  is  to  be  exposed.  With 
this  knowledge  it  becomes  possible  to  devise  laboratory  corrosion 
tests  in  which  the  variables  are  known  and  can  be  controlled. 
These  tests  may  then  be  used  to  obtain  preliminary  information 
concerning  the  corrodibility  of  metallic  materials  or  the  efficacy 
of  protective  coatings  which,  if  confirmed  by  extensive  exposure 
tests  in  natural  environments,  may  be  assumed  to  be  dependable 
for  engineering  purposes. 

Laboratory  corrosion  tests  in  simulating  natural  environmental 
conditions  are  designed  to  provide  for  the  exposure  of  metallic 
materials  to  controlled  atmospheric  or  liquid  media.  Commonly 
both  gaseous  and  liquid  phases  and  even  contact  with  solids  are 
included  in  a  single  test.  Changes  in  temperature,  humidity,  or 
other  variables  experienced  in  natural  environments  may  be  pro¬ 
vided  in  the  laboratory.  It  is  the  usual  practice  to  increase  the 
rapidity  and  to  some  extent  the  severity  of  the  so-called  weather¬ 
ing  cycles  in  an  effort  to  accelerate  corrosion  rate.  While  this  is 
permissible  within  reason,  it  must  be  emphasized  that  the  relia¬ 
bility  of  the  result  is  inversely  proportional  to  the  amount  of  ac¬ 
celeration  which  is  induced.  Corrosion  tests  which  employ  se¬ 
vere  conditions  may  produce  a  degree  of  disintegration  of  metals 
or  protective  coatings  which  bears  no  relationship  to  corrodibility 
under  conditions  of  service.  It  is  preferable  to  carry  out  corro¬ 
sion  studies  under  nearly  natural  conditions  and  to  use  sensitive 
measuring  techniques  to  determine  rate  of  reaction  rather  than 
to  depend  upon  highly  accelerated  tests  to  furnish  the  larger  effects 
which  can  be  detected  by  less  precise  methods  of  measurement. 

METHODS  OF  MEASUREMENT 

The  rate  of  corrosion  may  be  measured  by  a  variety  of  means, 
most  common  of  which  is  change  in  weight  of  the  metallic  speci¬ 
men  under  study.  In  laboratory  atmospheric  tests  the  products 
of  corrosion  are  usually  adherent  and  produce  a  gain  in  weight, 
while  in  immersion  tests  in  liquids  in  which  the  corrosion  products 
are  soluble,  the  course  of  reaction  is  accompanied  by  loss  of 
weight.  Observation  of  rate  of  consumption  of  corroding  reagent 
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or  of  increase  in  concentration  of  corrosion  products  may  be  em¬ 
ployed  to  determine  corrosion  rate.  Where  corrosion  is  charac¬ 
terized  by  pitting,  measurement  of  pitting  density  and  depth  fur¬ 
nishes  significant  data  on  corrodibility.  Intergranular  as  well  as 
surface  corrosion  rate  may  be  determined  in  terms  of  tensile 
strength  or  elongation  loss  of  specimens  of  the  appropriate  shape 
and  dimensions.  Among  electrical  methods  of  following  rate  of 
reaction  are  the  determination  of  (1)  the  contact  resistance  of 
corrosion  product-coated  metal  surfaces  and  (2)  the  rate  of  in¬ 
crease  of  electrical  resistance  of  small  wires  of  the  metal  under 
study  as  their  cross-sectional  size  is  reduced  by  corrosive  action 
(4).  Finally,  considerable  information  concerning  corrosion  rate 
as  well  as  mechanism  of  corrosion  reactions  may  be  obtained  from 
studies  of  electrode  potential  and  polarization  in  controlled  en¬ 
vironments. 

Where  the  purpose  of  a  corrosion  test  is  to  determine  the  qual¬ 
ity  of  protective  coatings — a  common  use  of  corrosion  tests — the 
effectiveness  of  a  coating  may  be  judged  by  the  appearance  of 
corrosion,  the  rate  of  enlargement  of  corroded  area,  and  depth  of 
penetration  of  corrosive  attack  in  the  underlying  metal.  In  the 
case  of  coatings  which  are  cathodic  to  the  basis  metal,  porosity  is 
an  index  of  quality  and  this  may  be  determined  readily  by  the 
extent  of  pinhole  rusting  produced  by  immersion  of  test  specimen 
in  hot  water  (15)  or  in  a  sodium  chloride  solution  containing  hy¬ 
drogen  peroxide  (8).  A  more  recent  and  more  general  method 
which  may  be  used  for  the  detection  of  pinholes  in  any  metal  coat¬ 
ing  on  any  basis  metal  consists  in  the  anodic  dissolution  of  the 
surface  of  the  coated  metal  into  a  paper  moistened  with  a  solution 
of  a  reagent  which  will  react  with  ions  of  the  basis  metal  to  give  a 
compound  of  distinctive  color  at  points  corresponding  to  the  loca¬ 
tion  of  pinholes.  This  is  the  so-called  electrographic  method 

(6,  14). 

PREPARATION  OF  TEST  SPECIMENS 

Test  specimens  are  usually  made  from  sheet  material,  since 
this  affords  the  largest  ratio  of  surface  to  mass.  It  is  desirable  to 
apply  a  paint  coating  to  the  sheared  edges  after  the  surface  of  the 
specimen  has  been  prepared  for  test  unless  the  effect  of  cut  edges 
is  to  be  studied. 

Oil,  grease,  and  other  extraneous  materials  which  interfere  with 
the  purpose  of  the  test  are  removed  from  the  surface  of  the  speci¬ 
men.  This  includes  mill  scale  and  other  corrosion  products 
with  the  exception  of  superficial  oxide  films  which  form  immedi¬ 
ately  upon  any  exposed  metal  surface.  However,  when  tests  are 
made  for  engineering  purposes  it  is  the  usual  practice  to  employ 
specimens  with  surfaces  representative  of  the  material  as  it 
would  be  used.  Grease  is  removed  by  organic  solvents  or  by  al¬ 
kali  dips  and  corrosion  products  by  abrasion,  sand  blasting,  or 
acids  or  other  chemical  reagents.  Nonferrous  metals  are  usually 
only  degreased,  and  specimens  of  protective  coated  metals  are 
tested  as  finished  without  further  treatment. 

DESCRIPTION  OF  TESTS  AND  TESTING  FACILITIES 

The  present  discussion  is  concerned  with  a  brief  description  of 
the  essential  facilities  and  principal  features  of  typical  tests  com¬ 
monly  used  in  determining  the  corrodibility  of  metals  and  the 
quality  of  protective  coatings  in  atmospheric  and  liquid  media. 
The  corrosion  literature  furnishes  descriptions  of  numerous  and 
ingenious  special  property  tests,  the  description  of  which  does  not 
fall  within  the  scope  of  the  present  paper. 

Total  Immebsion  Test.  The  susceptibility  of  metals  to  cor¬ 
rosion  in  liquids  may  be  tested  most  simply  by  complete  immer¬ 
sion  in  sufficient  volume  of  testing  solution  to  minimize  concentra¬ 
tion  changes  resulting  from  depletion  of  initial  components  or  ac¬ 
cumulation  of  corrosion  products.  A  recommended  ratio  is  250 
ml.  per  sq.  inch  of  specimen  area  (1).  It  is  common  practice  to 
support  test  specimens  by  means  of  stirrups  or  hooks  made  from 
glass  or  other  nonmetallic  materials.  The  supports,  the  test  jar, 


and  apparatus  should  not  be  attacked  by  the  test  solution.  A 
suitable  temperature  for  routine  testing  is  95°  F.  It  is  essential 
that  provision  be  made  for  temperature  control  of  the  test  within 
±2°  F.  This  may  be  accomplished  by  placing  the  test  jar  in  a 
thermostatically  controlled  water  bath. 

Since  corrosion  reaction  rates  are  markedly  affected  by  dis¬ 
solved  oxygen  (which  acts  as  a  cathodic  depolarizer)  and  by  the 
relative  movement  between  test  specimens  and  liquid,  it  becomes 
necessary  to  devise  means  of  controlling  these  variables.  It  has 
been  found  that  saturation  of  the  solution  with  air  provides  satis¬ 
factory  control  of  oxygen  concentration  and  that  this  can  be  done 
practically  by  introducing  air  through  the  pores  of  an  Alundum 
thimble  (18).  Care  is  taken  to  prevent  impingement  of  air  bub¬ 
bles  on  the  specimens.  Pure  oxygen  or  nitrogen  or  mixtures  of  the 
two  may  be  employed  when  it  is  desired  to  determine  the  influence 
of  oxygen  on  rate  of  corrosion  in  a  given  system.  The  effect  of 
velocity  may  be  satisfactorily  controlled  and  studied  by  providing 
mechanical  movement  of  the  specimen  in  the  solution  or  of  flow¬ 
ing  the  solution  by  specimens  in  fixed  position.  Tests  are  often 
carried  out  in  stagnant  solutions  but  it  is  usually  difficult  to  avoid 
convection  currents  which  influence  reaction  rate.  The  appara¬ 
tus  used  for  moving  the  specimens  in  the  solution  is  usually  de¬ 
signed  for  variable  speeds  and  it  becomes  necessary  to  determine 
by  experiment  the  optimum  speed  to  give  reproducible  results. 

Altebnate  Immebsion  Test.  Alternate  or  intermittent  cor¬ 
rosion  tests  have  been  widely  used  for  many  years  (7, 12,  16,  18). 
In  principle  this  test  consists  in  periodic  immersion  of  test  speci¬ 
mens  in  the  test  solution.  The  interval  between  successive  im¬ 
mersions  varies  in  different  tests  over  a  range  of  1  to  15  minutes, 
the  latter  period  being  sufficient  to  permit  drying  the  surface  of 
the  specimens.  The  period  of  immersion  is  usually  1  or  2  min¬ 
utes.  Immersion  may  be  accomplished  either  by  lowering  the 
specimens  into  the  solution  or  by  raising  the  solution  to  cover  the 
specimens.  As  in  the  total  immersion  test  temperature  is  main¬ 
tained  constant  within  =±=2°  F. 

Atmosphebic  Test.  The  objective  of  atmospheric  tests  car¬ 
ried  out  in  the  laboratory  is  to  determine  the  performance  of  me¬ 
tallic  materials  under  conditions  which  simulate  the  corrosive 
atmospheres  which  are  experienced  in  service.  Formerly  some  at¬ 
tention  was  given  to  the  provision  of  industrial-type  atmospheres 
by  the  introduction  of  small  concentrations  of  sulfur  dioxide  into 
atmospheric  test  chambers.  Much  more  attention  has  been  given 
to  the  use  of  the  prevailing  natural  atmosphere  highly  humidified 
at  elevated  temperatures  and  it  has  become  common  practice  to 
equip  small  rooms  or  cabinets  for  the  maintenance  of  these  condi¬ 
tions.  Wider  experience  with  tropical  exposures  since  the  begin¬ 
ning  of  the  war  has  led  to  the  conclusion  that  the  highly  corrosive* 
nature  of  tropical  atmospheres  is  due  to  moisture  condensation. 
As  a  consequence,  test  rooms  are  now  employed  in  which  conden¬ 
sation  is  induced  by  means  of  temperature  or  humidity  cycles  or 
both.  The  temperatures  and  humidities  employed  in  these  rooms 
and  the  means  of  obtaining  condensation  have  not  been  standard¬ 
ized  as  yet.  The  increasing  attention  given  to  simulation  of  stra¬ 
tospheric  conditions  has  been  reflected  in  the  use  of  wider  ranges 
of  temperature  and  humidity — for  example,  some  use  has  been 
made  in  so-called  stratospheric  chambers  of  a  range  from  —17°  to 
150°  F.  Considerations  other  than  mere  condensation  of  mois¬ 
ture  have  of  course  dictated  selection  of  this  range. 

A  reasonable  range  of  temperature  cycle  for  inducing  conden¬ 
sation  is  at  least  from  80°  to  120°  F.  During  the  change  from  low 
to  high  temperature,  which  should  be  accomplished  in  about  30 
minutes,  it  is  customary  to  maintain  the  relative  humidity  above 
90%,  while  during  the  reverse  part  of  the  temperature  cycle,  re¬ 
quiring  about  1  hour,  humidity  control  is  not  required  until  after 
the  minimum  temperature  is  attained.  The  humidity  chamber  is 
provided  with  rapid  air  circulation  and  with  sufficient  additional 
moisture  to  compensate  for  that  removed  by  condensation  on  the 
specimens.  It  is  desirable  that  condensed  moisture  remain  on 
the  surface  of  the  specimen  for  at  least  2  hours. 

It  has  been  found  difficult  to  control  by  this  means  the  period 
of  retention  of  condensed  moisture  on  specimens,  and  conse¬ 
quently  one  alternative  practice  is  to  induce  condensation  by 
chilling  the  specimens  outside  the  humidity  room  in  a  separate 
chamber  which  is  maintained  at  a  lower  temperature.  Here  again 
there  has  been  no  general  agreement  as  to  the  proper  temperature 
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and  it  may  not  be  critical.  The  heat  capacity  of  the  specimens 
and  the  amount  of  condensation  desired  are  factors  which  may 
bear  on  the  selection  of  the  “chilling”  temperature.  Actually  tem¬ 
peratures  from  —40°  to  60°  F.  are  used.  In  this  method  the  hu¬ 
midity  room  is  usually  held  at  90  to  95%  relative  humidity  and 
the  temperature  from  95°  to  120°  F.  It  is  the  usual  practice  in 
any  case  to  subject  the  specimens  to  the  condensation  process  at 
least  twice  daily. 

Salt  Sprat  Test.  The  salt  spray  test,  originally  proposed  as  a 
laboratory  corrosion  test  simulating  marine  atmospheres,  has  be¬ 
come  widely  used  and  specified  as  an  inspection  test  for  protective 
coatings.  It  is  employed  also  as  an  accelerated  corrosion  test  for 
metallic  materials  and  while  it  may  be  useful  for  comparing  the 
quality  or  uniformity  of  different  samples  of  a  given  material,  it 
is  unreliable  for  evaluating  corrosion  resistance  of  metals  unless 
some  correlation  has  been  established  between  test  results  and 
service  performance.  In  its  use  as  a  quality  test  for  metallic  coat¬ 
ings  it  is  more  dependable  when  applied  to  coatings  which  are 
cathodic  (or  noble)  than  to  those  which  are  anodic  (or  electronega¬ 
tive)  toward  the  basis  metal.  It  has  been  pointed  out  that  the 
duration  of  exposure  to  the  salt  spray  test  required  to  reveal  a 
given  degree  of  coating  porosity  varies  with  the  electrode  poten¬ 
tial  relationship  between  coating  and  basis  metal  and  should  be 
correlated  with  actual  exposure  tests  (19). 

The  salt  spray  test  apparatus  consists  essentially  of  a  box  or 
chamber  into  which  is  introduced  behind  a  baffle  plate  a  mist  of  an 
atomized  solution  of  sodium  chloride.  The  specimens  are  sup¬ 
ported  so  as  to  permit  free  access  to  this  mist.  Details  as  to  di¬ 
mensions  and  construction  of  the  chamber  are  available  elsewhere 
(11, 17).  Recently  (at  an  informal  committee  meeting  held  at  the 
National  Bureau  of  Standards  May  19,  1944)  it  was  proposed  to 
standardize  the  salt  spray  test  conditions  and  procedure  along 
the  following  lines  (8,  SO) :  The  concentration  of  the  salt  solution 
should  be  maintained  at  20  =*=  2%,  the  pH  between  6.5  and  7.2, 
the  temperature  of  the  solution  in  the  range  92  °  and  97  °  F.,  and  the 
temperature  of  the  chamber  at  95°  +  2°  or  —  3°  F.  It  is  proposed 
that  the  atomization  of  the  solution  be  such  as  to  permit  the  col¬ 
lection  in  the  exposure  zone  of  the  chamber  of  0.5  to  3  ml.  of  solu¬ 
tion  per  hour  in  a  vessel  10  cm.  in  diameter. 

In  the  specification  use  of  the  salt  spray  test  for  quality  con¬ 
trol,  interpretation  of  the  requirements  is  sometimes  difficult. 
In  view  of  the  serious  limitations  of  the  test  the  requirements 
should  be  stated  in  specific  terms  which  can  be  interpreted  fairly 
and  intelligently  by  those  who  may  not  have  had  the  benefit  of 
wide  corrosion  experience. 

Soil  Test.  Metals  used  in  direct  contact  with  soils  are  subject 
to  an  environment  of  great  diversity  and  complexity  which  it  is 
difficult  to  simulate  in  the  laboratory.  Only  by  numerous  burial 
tests  in  many  soil  types  in  many  climates  can  the  corrosion  resist¬ 
ance  of  metals  toward  soils  be  appraised  reliably.  There  are  a 
number  of  laboratory  tests,  however,  which  are  useful  for  the  ex¬ 
ploration  of  soil  corrosivity  and  three  of  these  representing  im¬ 
portant  factors  in  soil  exposure  will  be  described.  These  are  tests 
to  determine  the  influence  of  (1)  contact  with  inert  particles,  (2) 
soil  waters  or  extracts,  and  (3)  corrosion  cell  polarization. 

The  effect  of  contact  of  soils  upon  corrosion  may  be  studied  by 
burying  metallic  specimens  at  a  given  depth  in  trays  of  ground 
quartz  maintained  at  constant  temperature  and  humidity  (5). 
Some  acceleration  in  corrosion  rate  is  permissible  and  may  be  ob¬ 
tained  by  operating  at  about  100°  F.  and  near  100%  humidity. 
The  influence  of  soil  texture  may  be  studied  by  employing  in  sep¬ 
arate  tests  quartz  representing  a  series  of  particle  sizes  from  fine 
gravel  down  to  silt. 

The  relative  corrosivity  of  soil  waters  may  be  determined  by 
performing  immersion  tests  in  extracts  made  by  leaching  given 
quantities  of  soils  with  given  volumes  of  water.  For  example,  in 
tests  on  cable  sheath  alloys  a  ratio  of  soil  to  water  of  250  grams  of 
soil  to  2  liters  of  water  has  provided  extracts  whch  are  believed  to 
be  fairly  representative  of  soil  waters  which  seep  into  cable  con¬ 
duit.  The  extract  is  prepared  by  thoroughly  stirring  mixtures  of 
soil  and  water  for  half  an  hour  and  separating  by  filtration. 


A  suitable  apparatus  (9,  10)  for  studying  the  polarization  char¬ 
acteristics  of  corrosion  cells  which  develop  in  soil  exposures 
consists  essentially  of  a  test  cell  employing  two  steel  electrodes 
separated  by  a  layer  of  moist  soil  prepared  in  an  arbitrary  fashion. 
One  electrode  in  the  form  of  a  steel  screen  is  buried  in  the  soil  and 
becomes  cathodic  to  the  steel  electrode  at  the  top  of  the  soil.  The 
single  electrode  potentials  of  the  anode  and  cathode  are  measured 
with  respect  to  a  calomel  reference  electrode  and  these  values 
plotted  against  the  applied  current.  From  the  curve  so  obtained 
the  current  required  to  bring  the  anode  and  cathode  to  the  same 
potential  is  recorded  as  the  measure  of  the  rate  of  corrosion.  This 
value  corresponds  to  the  current  which  would  flow  if  the  resist¬ 
ance  of  the  soil  were  zero  and  is  therefore  somewhat  greater  than 
the  actual  corrosion  current.  Studies 'employing  a  number  of 
soils  have  shown  a  correlation  between  the  current  at  the  corro¬ 
sion  potential  and  the  loss  of  weight  of  the  anode.  Further  ampli¬ 
fication  of  the  role  of  polarization  in  corrosion  processes  is  given 
below. 

Electrochemical  Techniques.  Previous  reference  has  been 
made  to  the  marked  difference  in  rate  of  the  primary  and  second¬ 
ary  reactions  which  occur  in  corrosion  processes.  As  a  conse¬ 
quence,  concentration  gradients  develop  at  the  electrode  areas  on 
the  metal  surface  which  may  be  measured  in  terms  of  anodic  and 
cathodic  polarization.  Since  corrosion  is  dependent  upon  current 
flow  in  the  electrolytic  cells  at  the  metal-environment  interface, 
it  is  evident  that  the  state  and  degree  of  polarization  determine 
corrosion  rate.  Factors  which  influence  rate  do  so  largely  through 
their  effect  upon  corrosion  cell  polarization. 

The  technique  of  measuring  the  characteristics  of  individual 
corrosion  cells  is  difficult  but  it  is  feasible  to  determine  experi¬ 
mentally  the  polarization  behavior  of  metal  surfaces  in  known 
surroundings  and  by  this  means  to  obtain  information  concerning 
mechanism  and  rate  of  reaction.  This  knowledge  is  often  more 
useful  in  predicting  or  explaining  corrosion  behavior  than  the 
more  quantitative  results  of  the  foregoing  corrosion  tests. 

The  measurement  of  polarization  consists  in  the  determination, 
by  means  of  a  standard  reference  electrode,  of  the  change  in  po¬ 
tential  of  a  metal  when  it  is  made  the  anode  in  one  case  and  the 
cathode  in  another  in  an  electrolytic  cell  in  which  there  are  pro¬ 
vided  as  electrolyte  the  significant  components  of  a  given  environ¬ 
ment.  From  studies  of  this  kind  upon  metals  in  electrolytes  re¬ 
presentative  of  a  variety  of  environments,  a  body  of  information 
may  be  accumulated  by  means  of  which  it  becomes  possible  to 
predict  the  degree  of  corrosion  resistance  to  be  expected  in  a  given 
instance.  From  an  inspection  of  these  experimental  data,  usu¬ 
ally  plotted  in  the  form  of  potential-current  density  curves,  it  is 
possible  to  identify  the  factors  which  accelerate  or  retard  corro¬ 
sion  and  to  observe  which  electrode  is  influenced — that  is,  to  de¬ 
termine  whether  the  process  is  anodically  or  cathodically  con¬ 
trolled  (2).  Once  this  is  known  the  probability  of  corrosive  at¬ 
tack  and  the  need  and  effectiveness  of  protective  measures  can  be 
estimated. 

The  laboratory  tests  described  in  the  present  discussion  provide 
means  for  appraising  the  corrosion  resistance  of  metallic  materi¬ 
als  and  for  investigating  corrosion  problems  which  occur  in  the 
use  of  metals.  In  addition  to  the  typical  test  methods  which 
have  been  referred  to,  it  is  common  practice  to  employ  in  corro¬ 
sion  studies  many  of  the  varied  experimental  techniques  and  pro¬ 
cedures  commonly  used  in  chemical  and  metallurgical  laborato¬ 
ries. 
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Factors  Causing  Lubricating  Oil  Deterioration  in  Engines 

Laboratory  Evaluation 
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The  deterioration  of  lubricating  oil  in  internal  combustion  engines 
is  due  largely  to  oxidation  reactions.  It  is  shown  that  these  reac¬ 
tions  are  primarily  catalytic  at  the  engine  temperatures  in  question, 
the  catalysts  being  metals  and  metal  compounds  such  as  iron,  copper, 
lead,  and  their  compounds.  The  effects  of  other  possible  catalytic 
materials,  such  as  blow-by  gas  components,  are  considered.  These 
observations  are  applied  to  a  laboratory  test  procedure  for  evaluat¬ 
ing  the  service  stability  of  oils  in  which  an  attempt  was  made  to 
develop  a  set  of  conditions  and  catalysts  which  duplicate  those  of  the 
present  Chevrolet  engine  test.  The  degrees  of  reproducibility  and  of 
correlation  with  engine  results  are  shown  in  detail.  Correlation  of 
the  test  with  four  B  oils  has  been  found  to  be  good  except  upon  the 
point  of  bearing  corrosion.  Additional  procedures  are  described 
for  determining  the  tolerance  of  oils  to  more  severe  conditions,  since 
the  results  indicated  that  the  above  conditions  and  catalysts  are  not 
universally  suitable.  * 

THE  complexity  of  factors  causing  the  deterioration  of  lubri¬ 
cating  oils  in  an  engine  has  necessitated  a  widespread  use 
of  engine  tests  for  oil  evaluation.  The  obvious  desirability  of 
providing  a  laboratory  method  has  led  to  the  proposal  of  a  large 
number  of  procedures.  Excellent  reviews  of  these  methods 
have  appeared  recently  (10,  11).  However,  the  correlation  of 
the  laboratory  procedures  with  engine  operation  has  not  been 
adequately  demonstrated,  possibly  because  it  is  but  recently 
that  standard  engine  tests  have  been  developed. 

The  results  of  many  investigations  (5,  6,  9-12),  as  well  as  the 
work  described  herein,  provide  a  basis  for  understanding  the 
important  factors  causing  the  deterioration  of  oil.  The  utiliza¬ 
tion  of  this  knowledge  should  ultimately  enable  the  chemist  to 
conduct  laboratory  evaluations  with  confidence.  As  a  step  in 
this  direction  some  of  the  relevant  variables  and  factors  have 
been  combined  in  a  laboratory  procedure  which  will  correlate 
in  most  respects  with  a  certain  well-established  engine  per¬ 
formance  for  a  series  of  oils.  The  selection  of  factors  responsible 
for  the  deterioration  was  made  to  correspond  as  closely  as  pos¬ 
sible,  in  a  quantitative  fashion,  to  the  engine  with  which  correla¬ 
tion  was  desired.  Nevertheless,  the  state  of  knowledge  is  still 
such  that  it  is  considered  desirable  to  augment  the  results  of  this 
procedure  with  one  or  more  “tolerance”  tests  in  which  the  re¬ 
sistance  of  the  oil  to  possible  increases  in  the  severity  of  certain 

1  Present  address,  Plastics  Division,  E.  I.  du  Pont  de  Nemours  &  Co., 
Inc.,  Wilmington,  Del. 


factors  can  be  observed.  This  procedure  often  is  very  desirable 
in  the  study  of  additives. 

MECHANICAL  CONSTRUCTION  OF  TEST  EQUIPMENT 

A  schematic  diagram  of  the  apparatus  used  in  this  investiga¬ 
tion  is  shown  in  Figure  1.  A  160-cc.  sample  of  oil  was  used  in  a 
glass  tube,  A,  45  mm.  in  outside  diameter  and  42  cm.  long. 
A  piece  of  steel  tubing,  B,  1.3  cm.  in  outside  diameter  by  1  cm.  in 
inside  diameter  and  14  cm.  long  was  centered  in  the  glass  tube 
and  was  held  in  place  on  the  glass  support,  C,  attached  to  the 
air-inlet  tube,  D.  This  support  was  spaced  from  the  bottom 
of  tube  A  by  2-mm.  glass  tabs  to  allow  oil  and  suspended  solids 
to  pass  into  the  support  and  up  the  air  lift.  The  air-inlet  tube 
and  steel  tube  supports  may  also  be  made  of  steel,  which  is  more 
rugged  but  a  little  more  difficult  to  clean. 

In  the  upper  end  of  steel  tube  B  a  flat  piece  of  bearing  metal, 
G,  was  inserted  and  was  held  in  place  by  a  copper  pin,  H.  The 
size  of  each  of  these  two  pieces  was  adjusted  to  give  the  ratio  of 


Figure  1.  Oil  beterioration  Cell  for 
Suspending  Solids 


ENGINE  APPEARANCE  %OF  PERFECT 


May,  1945 


ANALYTICAL  EDITION 
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I~'rAt  the  close  of  the  test  the  lacquer  deposition  on  B 
(1  sq.  dm.  area)  was  determined  as  the  difference  in 
weights  after  washing  with  a  light  naphtha  and  scrub¬ 
bing  with  chloroform,  methyl  ethyl  ketone,  or  both.  After 
each  wash  the  tube  was  air-dried  to  constant  weight. 

Figure  2  shows  a  tentative  relationship  between  the 
weight  of  lacquer  as  determined  by  this  procedure  and 
the  visual  rating  system  used  in  engine  testing.  The 
form  for  this  curve  with  the  vertex  at  zero  lacquer  was 
chosen  because  this  form  was  found  to  relate  the  actual 
weight  of  lacquer  to  the  visual  rating  on  a  single¬ 
cylinder  engine  piston.  The  weight  of  lacquer  on  a 
piston  for  a  given  visual  rating  will  not  be  necessarily 
the  same  weight  obtained  in  the  laboratory  proce¬ 
dure.  The  approximate  relationship  in  Figure  2  is 
used  in  correlating  engine  tests  with  the  laboratory 
procedure. 

The  copper  and  bearing  metal  pieces,  after  an  oxida- 


Figure  2.  Conversion  Chart  of  Lacquer  to  Engine  Appearance 


corresponding  metal  to  oil  volume  found  in  the  engine  with  which 
comparison  was  sought.  Numerous  other  arrangements  have 
been  tested  but  that  shown  was  preferred.  A  glass  wool  plug 
was  placed  in  the  top  of  the  glass  tube  to  minimize  oil  loss  by 
splashing.  . 

The  assembly  was  placed  in  a  thermostat  which  in  the  authors 
case  comprised  an  electrically  heated  aluminum  block  (16)  with  14 
holes  for  the  test  units.  It  weighed  185  pounds,  and  was  48.4 
cm.  (19  inches)  long,  24.5  cm.  (9.625  inches)  wide,  and  29.6  cm. 
(11.625  inches)  high.  The  electrical  energy  consumption  ran 
6.33  kw.-hr.  per  36-hour  test.  Air  under  constant  pressure 
was  passed  through  a  porous  clay  filter  to  remove  dust  and  then 
through  concentrated  sulfuric  acid  containing  chromic  acid  to 
remove  water  and  sulfur  dioxide.  The  air  rate  was  indicated  by 
calibrated  orifice-type  flowmeters  and  was  controlled  by  0.6-cm. 
(0.25-inch)  needle  valves. 


tion  test  were  scrubbed  with  chloroform  or  methyl  ethyl 
ketone,  or  both,  before  reweighing.  The  change  in 
weight  was  a  rough  indication  of  corrosion. 

The  used  oil  was  sufficient  in  volume  to  enable  determination 
of  all  the  usual  oil  tests.  The  oil-insoluble  sludge  remaining 
in  the  glass  tube  was  thought  to  be  related  to  similar  sludge 
deposits  in  engines.  It  was  rated  visually  against  color  photo¬ 
graphic  standards  and  a  scale  ranging  from  F  (worst)  through  A 
(best)  has  been  used  for  recording. 

Figure  3  shows  a  relationship  between  the  visual  ratings  of 
sludge  in  the  engine  tests  and  in  the  laboratory  procedure. 
The  derivation  of  the  curve  was  largely  empirical  from  the  B 
oils.  It  is  used  for  correlating  engine  data  with  those  from  the 
laboratory  procedure. 

DEVELOPMENT  OF  THE  TEST 


OPERATION  OF  THE  TEST 

The  glass  parts  were  cleaned  by  the  usual  chromic  acid  method, 
rinsed,  and  dried.  The  steel  and  copper  parts  were  washed  with 
chloroform  or  methyl  ethyl  ketone,  or  both,  and  polished  until 
bright  with  No.  925  emery  cloth  or  steel  wool.  The  steel  tube 
was,  in  most  cases,  rotated  for  polishing  purposes  with  a  motor 
and  chuck.  New  bearing  pieces  were  used  each  time.  The 
copper  and  bearing  metal  parts  were  weighed  before  and  after 
the  test  to  ascertain  corrosion.  After  assembly  with  the  oil 
in  the  test  block,  the  oil  was  brought  to  temperature,  the  soluble 
catalyst  added,  the  air  flow  started,  and  the  lead  bromide  added 
immediately.  This  procedure  required  0.5  to  1  hour,  and  the 
period  before  the  air  was  started  was  not  included  in  the  recorded 
duration  of  the  test. 

A  study  of  test  conditions  has  been  made  and  the  following 
were  used  when  correlation  was  desired  for  the  B  oils  with  the 
present  “standard”  Chevrolet  test: 


The  effects  of  the  following  variables  on  the  deterioration  of 
oils  in  the  laboratory  apparatus  were  considered  in  developing 
this  test: 

1.  Catalytic  factors 

2.  Effect  of  blow-by  materials 

3.  Temperature 

4.  Duration  of  test 

5.  Volume  of  oil 

6.  Rate  of  air  flow 

7.  Procedure  for  addition  of  catalyst  and  oil 

Catalytic  Factors.  In  Figure  4  typical  results  are  pre¬ 
sented  showing  that  the  catalytic  factors  predominate  in  causing 
oil  deterioration  in  the  relevant  temperature  range.  In  any 
engine  the  metal  catalysts  are  present  initially  in  the  massive 


Temperature 
Oil  sample 
Air  flow  rate 
Time 
Catalysts 


280°  F.  for  heavy-duty  oils 
160  cc. 

70  liters  per  hour 
36  hours 

Steel,  100  sq.  cm.  (tube  B ,  Figure  1) 

Copper,  1  sq.  cm. 

Copper-lead  bearing,  4.4  sq.  cm. 

Ferric  2-ethyl  hexoate,  0.012%  as  Fe2C>3  in 
c.p.  benzene 

Lead  bromide,  0.1%  as  precipitated  powder 


The  ferric  2-ethyl  hexoate  was  prepared  by  react¬ 
ing  sodium  2-ethyl  hexoate  with  ferric  nitrate  solu¬ 
tion,  followed  by  washing  by  decantation.  The  solu¬ 
tion  in  benzene  was  prepared  by  Soxhlet  extraction 
of  the  precipitate  with  benzene,  followed  by  analysis 
of  the  solution  for  iron.  The  2-ethylhexoic  acid  was 
obtained  from  the  Carbide  and  Carbon  Chemicals 
Corporation. 

The  lead  bromide  was  prepared  by  reacting  cal¬ 
cium  bromide  in  absolute  alcohol  (1  molar)  with 
alcoholic  lead  acetate  at  32°  F.  followed  by  filtering 
and  washing  with  absolute  ethanol.  This  was  vacuum- 
dried  to  constant  weight.  The  surface  area  (Emmett 
method)  of  the  lead  bromide  was  1.0  sq.  meter  per 
gram. 


Figure  3.  Conversion  Chart  of  Appearance  to  Engine  Appearance 
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Table  I. 

mpei 

Cu-Pb,  1.0  sq.  cm.  of  Cu. 


Figure  4.  Effect  of  Metals  on  Deterioration  of  Oils  in 
Laboratory  Procedure 


condition  and  it  is  not  known  with  certainty  whether  catalytic 
action  is  on  the  surface,  or  due  to  formation  of  oil-soluble  soaps 
from  the  metals,  or  both.  It  is  clear  that  the  latter  are  powerful 
catalysts  ( 5 ).  Since  the  soaps  are  formed  in  an  engine  by  reac¬ 
tion  of  metals,  or  metal  compounds,  with  acidic  constituents 
formed  by  oxidation  of  the  oil,  it  would  be  desirable  in  a  labora¬ 
tory  test  to  have  only  massive 

metals  present.  _ 

Iron  is  the  most  abundant 
potential  catalyst  in  an  engine, 
although  it  is  often  relatively 
less  active  in  the  massive  con¬ 
dition  than  other  metals.  It 
appears,  moreover,  that,  the 
activity  of  iron  is  very  sensitive 
to  its  surface  conditions  (10). 

Attempts  have  been  made  in 
the  development  of  the  authors’ 
work  to  furnish  all  the  neces¬ 
sary  iron  catalyst  by  using 
massive  surfaces,  or  fine 
powders  of  both  iron  and  ferric 
oxide. 

Figure  5  shows  the  relative 
effectiveness  of  the  various 
forms  of  iron,  including  two 
methods  of  preparing  the  mas¬ 
sive  surfaces.  One  of  these, 
electrocleaning,  is  a  common 
method  of  cleaning  engine 
parts  between  tests.  Iron 
powder  was  the  most  effective 
type,  and  by  using  large  quanti¬ 
ties  it  was  possible  to  obtain 


Figure  5.  Effect  of  Various  Types  of  Iron 

Oil  6-1.  Temperature,  310°  F.  Air  rate,  70  liters  per  hour.  Time,  36  hours. 
Metals.  Steel  as  specified.  Cu,  1.0  sq.  cm.  Cu-Pb,  4.4  sq.  cm. 


extensive  deterioration  in  36  hours,  if  the  temperature  of  the  test 
was  310°  F.  However,  good  correlation  with  engine  results 
could  not  be  obtained  under  these  conditions  and  reproducibility 
was  poor.  Since  the  iron  powder  was  prepared  by  reduction 
of  the  oxide  with  hydrogen,  it  was  pyrophoric  to  a  certain  ex¬ 
tent.  This  often  led  to  considerable  difficulty  in  handling. 
Finally  attempts  were  made  to  prepare  a  composite  catalyst 
containing  all  the  principal  active  components  occurring  in  the 
practice.  However,  if  reasonable  amounts  of  lead  bromide, 
copper-lead,  and  copper  were  employed  in  the  laboratory  pro¬ 
cedure  and,  in  addition,  sufficient  iron  were  taken  to  increase  the 
rate  of  oxidation  to  that  of  the  engine,  so  large  a  quantity  of 
massive  iron — e.g.,  tubes,  powder,  wool — would  be  required  as  to 


Comparison  of  Ferric  Soaps  in  the  Laboratory  Procedure 

re,  280°  F.  Air  rate,  70  liters  per  hou 

Catalyst,  0.02%  FejCb  as  naphthenate,  propionate,  or  2-ethyl  hexoate  in  benzene  as 
..  .  —  ---  .j- 


specified.  Oil,  160  ml.) 


Sohio  Laboratory  Test, 
Fe03  as: 


Naph¬ 

thenate 


2-Ethyl 

hexoate 


Propio¬ 

nate 


36 

Hours 

Chev¬ 

rolet 


Sohio  Laboratory  Test, 
F eiOi  as: 


Naph¬ 

thenate 


2-Ethyl 

hexoate 


Propio¬ 

nate 


36 

Hours 

Chev¬ 

rolet 


--Oil  B-l — 

— Oil  B-2 - 

Lacquer,  mg.  per  sq.  dm. 
Isopentane  insolubles,  mg.  per 

2.6 

0 

0.9 

3.2 

0 

1.1 

10  grams 

Chloroform  solubles,  mg.  per 

150.7 

201.6 

12.9 

130.4 

0.1 

2.8 

2.0 

57.3 

10  grams 

148.0 

198.8 

10.4 

102.6 

17.6 

Cu  weight  loss,  mg. 

0.4 

1.4 

0.4 

1.9 

3.4 

6.5 

Cu-Pb  weight  loss,  mg. 

16.5 

23.5 

9.0 

9.3 

12.7 

19.1 

19.3 

32.6 

Neutralization  No. 

1.33 

2.06 

0.75 

2.40 

3.07 

1.64 

1.93 

5.41 

Saponification  No. 

Viscosity  increase,  Savbolt, 

16.8 

16.6 

11.6 

26.9 

28.9 

38.7 

seconds  at  100°  F. 

460 

669 

230 

489 

1546 

675 

691 

389 

Sludge  rating 

B 

B- 

— Oil  B-2 - 

A  + 

B  + 

A 

Oil  B-4 

B 

Lacquer,  mg.  per  sq.  dm. 
Isopentane  insolubles,  mg.  per 

1.9 

0 

1.1 

52.7 

31.4 

26.1 

10  grams 

Chloroform  solubles,  mg.  per 

4.0 

2.8 

4.4 

39.7 

623.5 

732.5 

491 

235.6 

10  grams 

8.1 

620.0 

731.3 

462.0 

216.6 

Cu  weight  loss,  mg. 

i.4 

i.4 

1.1 

0.2 

2.0 

0.2 

Cu-Pb  weight  loss,  mg. 

13.2 

5.2 

6.0 

8.6 

10.5 

9.3 

6.0 

3.12 

Neutralization  No. 

0.83 

0.53 

0.33 

1.36 

3.82 

4.09 

1.87 

4.99 

Saponification  No. 

Viscosity  increase,  Saybolt, 

2.3 

4.0 

5.95 

25.4 

28.9 

31.9 

seconds  at  100°  F. 

35 

20 

34 

86 

5838 

4740 

1958 

904 

Sludge  rating 

A  + 

A  + 

A  + 

D 

D 

D 
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be  impracticable.  Consequently  the  applicability  of  dissolved 
iron  was  investigated. 

The  relatively  powerful  effect  of  soluble  iron  soap  is  shown  in 
Table  I.  The  net  effect  on  oil  deterioration  has  been  found  to  be 
the  same  as  massive  iron  catalysis  (see  also  10).  It  was  a  simple 
matter  to  obtain  reproducibility  with  the  iron  soap.  It  was, 
therefore,  the  preferable  method  of  providing  the  bulk  of  the 
iron  catalysis.  It  is  possible  in  engine  testing  that  much  of  the 
iron  catalysis  is  caused  by  iron  soaps  formed  in  the  hotter  ring 
belt  zone  from  freshly  abraded  iron  particles.  The  time  avail¬ 
able  for  oxidation  per  unit  of  oil  in  this  zone  is  relatively  very 
limited.  Thus  the  soaps  formed  in  this  zone  will  return  to  the 
crankcase  and  there  contribute  strongly  to  deterioration  of  the 
oil.  Therefore,  the  use  of  iron  soaps  in  the  laboratory  test  might 
simulate  the  situation  in  the  engine. 

The  choice  of  the  particular  iron  soap  was  based  upon  the  de¬ 
sire  to  provide  a  reproducible  material.  Iron  2-ethyl  hexoate 
appeared  to  satisfy  the  requirements.  As  shown  in  Table  I,  the 
results  differ  somewhat  depending  upon  the  acid  radical  used 
with  the  iron,  although  they  are  of  the  same  order  of  magnitude. 
Hydroxy  acids  are  prominent  in  the  products  of  oxidation  of  oil 
but  have  not  been  examined  as  an  iron  carrier. 

A  certain  amount  of  iron  catalysis  may  occur  as  a  result  of 
contact  of  the  oil  with  the  iron  surface  of  the  crankcase,  although 
this  may  vary  greatly  between  oils.  Moreover,  the  steel  surface 
was  desired  in  order  to  determine  lacquer  deposition.  There¬ 
fore  some  massive  iron  was  retained  in  the  test  equipment,  and 
Figure  6  shows,  in  the  case  of  certain  oils,  the  effect  of  omitting  it. 
The  amount  of  iron  catalyst  available  in  an  engine  under  a  given 
set  of  conditions  is  difficult  to  determine  by  direct  measurement. 
Analysis  of  the  used  oil  will  show  only  what  is  left  in  solution; 
further  amounts  may  have  passed  through  and  into  the  sludge, 
etc.  Therefore,  the  amount  contributing  to  the  oil  deterioration 
over  that  available  from  the  massive  iron  in  the  test  was  deter¬ 
mined  by  adding  iron  soaps  until  breakdown  equivalent  to  that 
in  the  engine  was  obtained  for  a  series  of  oils. 
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Figure  6.  Effect  of  Individual  Metallic  Components 

Oil  B-1 .  Temperature,  280°  F.  Air  rate,  70  liters  per  hour.  Time,  36  hours. 
Catalyst.  0.02%  Fe203  as  naphthenate  in  benzene  solutions. 

Metals.  100  sq.  cm.  of  steel,  1.0  so.  cm.  of  Cu,  4.4  sq.  cm.  of  Cu-Pb. 


The  catalytic  effects  of  the  copper  and  copper-lead  bearing 
metal  can  both  be  supplied  by  the  massive  metal  without  resort¬ 
ing  to  the  use  of  soluble  salts.  Figure  6  shows  how  each  of  these 
catalysts  contributed  to  the  deterioration  of  oil  B-1.  By  omitting 
one  catalytic  factor  at  a  time  it  was  found  that  all  the  catalysts 
in  the  test  except  massive  iron  were  active  catalysts  for  the 
deterioration  of  the  oil.  With  some  oils,  one  of  the  catalysts 
may  be  more  effective  than  the  others  but  all  these  catalysts,  at 
least,  must  be  present  to  reproduce  engine  catalysis  faithfully. 

The  only  other  metal  present  in  the  Chevrolet  engine  in  ap¬ 
preciable  quantity  is  Babbitt  but  this -has  been  found  by  the 
authors  to  have  no  appreciable  effect.  While  not  present  in  the 
Chevrolet  engine,  aluminum  has  also  been  found  by  the  authors 
and  others  to  be  without  action  (3). 

Effect  of  Blow-by  Materials.  Other  catalysts  could 
enter  the  oil  from  the  combustion  space  with  the  blow-by  gases. 
The  end  products  from  the  ethyl  fluid  are  among  the  most 
important  of  these  and  are  usually  lead  bromide  and  sulfate. 
It  was  reported  (#:)  that  these  have  little  or  no  effect  upon  the 
oil;  later  investigations  have  shown  that  lead  bromide  can  have  a 
powerful  catalytic  effect  upon  some  oils  but  that  lead  sulfate 
does  not  ( 3 ,  10).  Ethyl  fluid  itself  has  an  analogous  affect  (3) — 
for  example,  both  ethyl  fluid  and  lead  bromide  were  harmful  to  a 
Pennsylvania  oil  but  not  to  an  acid-treated  mid-continent  oil. 
It  is  well  established  that  lead  halides,  particularly  the  bromide, 
are  present  in  the  blow-by  in  an  engine  (10).  Therefore,  it  was 
considered  essential  that  lead  bromide  be  included  as  a  catalyst 
in  a  laboratory  test.  The  quahtity  to  be  used  was  deduced  from 
the  volume  of  blow-by  and  average  lead  content  of  the  gasolines. 
This  corresponded  well  with  the  lead  content  of  typical  oils  from 
several  Chevrolet  oil  test  engines  and  amounted  to  0.10  weight  % 
of  the  oil.  Figure  7  shows  the  effect  of  various  amounts  of  lead 


•  Lacquer,  mg. 

O  Viscosity  increase,  Saybolt  seconds  at  100  F. 
•  Neutralization  No. 

A  Cu-Pb  weight  loss,  mg.  per  10  sq.  cm. 

X  CHCla-solubles,  mg.  per  10  sq.  cm. 
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Table  II.  Effect  of  Blow-by  Materials  Peculiar  to  Rich  Mixture 

Operations 


Blow-by  material 

5%  CO  in  air 

3%  H2  in  air 

Oil,  SAE  20 

Inhibited 

mid-continent 

Inhibited 

mid-continent 

B-2 

B-2 

Time,  hours 

20 

20 

36 

36 

Temperature,  °  F. 

Air  rate,  liter  per  hour 

310 

310 

280 

280 

30 

30 

70 

70 

Metals  (area  per  160  cc. 
of  oil) 

Steel,  sq.  cm. 

300 

300 

100 

100 

Cu,  sq.  cm. 

20 

20 

4.4 

4  4 

Cu-Pb,  sq.  cm. 

Soluble  catalyst,  %  Fe20j 

1.0 

1.0 

as  naphthenate  (in 

benzene  solution) 

0.03 

0  03 

Lacquer,  mg.  persq.  dm. 
Cu  weight  loss,  mg.  per 

io.5 

5.2 

0.0 

0.2 

10  sq.  cm. 

Cu-Pb  weight  loss,  mg. 

6.1 

5.2 

17.0 

13.0 

per  10  sq.  cm. 

56  3 

30  5 

Neutralization  No. 
Viscosity  increase,  Say- 
bolt  seconds  at  100°  E. 

4.50 

3.80 

178 

119 

2317 

797 

Sludge  rating 

B  + 

B  + 

B  + 

A 

Naphtha-insolubles 

4.8  vol.  % 

4 . 0  vol.  % 

0.2  mg.  per 
10  grams 

1.2  mg.  per 
10  grams 

bromide  upon  oil  B-l  in  the  laboratory  test.  This  was  typical  of 
an  oil  which  was  influenced  substantially  by  lead  bromide 
catalysis. 

Gaseous  blow-by  material  can  also  have  an  effect.  The  oxides 
of  nitrogen  were  shown  to  be  pro-oxidants  (<?),  but  in  normal  non¬ 
knocking  operation  and  at  moderate  compression  ratios  their 
concentration  in  the  blow-by  gases  is  not  thought  to  exceed  0.01  % 
(7).  This  quantity  of  oxides  of  nitrogen  failed  to  affect  the 
results  in  the  authors’  laboratory  procedure.  Two  of  the  gaseous 
components  peculiar  to  rich  mixture  operation  are  carbon  mon¬ 
oxide  and  hydrogen,  which  have  been  found  by  the  present 
authors  (8)  and  by  Mougey  and  Moller  ( 1J) )  to  act  as  inhibitors  for 
oil  deterioration.  Table  II  shows  this  effect  in  the  laboratory 
procedure.  However,  the  air-fuel  ratio  of  the  standard  Chevrolet 
test  is  chosen  so  that  these  gases  are  substantially  absent.  Ac¬ 
cordingly,  it  was  not  considered  necessary  to  include  them  as 
standard  factors  in  laboratory  procedure. 

The  authors  have  also  found,  and  it  has  been  confirmed  by 
Mougey  and  Moller,  that  sulfur  compounds  in  the  gasoline  can 
also  have  an  inhibiting  effect.  Figure  8  shows  the  action  of  one 
possible  sulfur  compound  on  an  oil.  In  engine  testing,  an  ef¬ 
fort  has  been  made  to  standardize  on  a  low-sulfur  gasoline  (14). 

Effect  of  Temperature.  The  temperature  at  which  an  oil  is 
oxidized  in  the  presence  of  catalysts  is  a  very  important  factor  in 
the  rate  of  deterioration.  In  the  engine  the  bulk  of  the  oil  is  at 
the  crankcase  temperature,  but  a  small  amount  is  exposed  to  the 
higher  temperature  of  the  ring  zone.  The  Chevrolet  test  is  oper¬ 
ated  at  280°  F.  crankcase  temperature  on  the  heavy-duty  test. 
Temperatures  of  265°,  280°,  300°,  315°,  and  330°  F.  were  ex¬ 
amined  in  the  laboratory  test  procedure  for  correlation  with  the 
engine  results.  Of  these,  the  actual  crankcase  temperature, 
280°  F.,  was  as  suitable  as  any  and  was  consequently  chosen  for 
heavy-duty  correlation. 

The  possibility  that  the  higher  ring  belt  temperatures  could 
have  a  specific  effect  on  certain  oils  or  inhibitors  in  the  presence 
of  catalysts  cannot  be  neglected.  Rather  than  attempting  a 
compromise  temperature  for  a  single  test,  it  is  believed  that  a 
separate  temperature  tolerance  test  should  be  made  at  the 
higher  temperature.  An  average  temperature  in  this  zone  is 
350°  F.  and  the  authors  have  adopted  this  temperature  for  esti¬ 
mating  the  temperature  tolerance  of  any  oil  that  is  promising 
in  the  primary  correlating  test.  The  use  of  this  procedure  is  dis¬ 
cussed  below  under  tolerance  tests. 

Effect  of  Duration  of  Test.  A  large  number  of  these  tests 
can  be  made  at  once  and  consequently  for  most  work  it  is  not 
essential  that  the  rate  of  deterioration  be  accelerated  over  that 
obtained  in  engine  testing.  It  is  possible  to  decrease  the  duration 
of  a  test  by  increasing  the  temperature,  as  in  the  temperature- 


tolerance  test.  However,  this  might  increase  the 
uncertainties  of  an  already  complex  field. 

Volume  of  Oil.  The  usual  procedure  was  to 
use  a  160-ml.  sample  of  oil.  However,  tests  have 
been  made  on  35-ml.  samples  in  which  the  metal 
areas,  air  rate,  and  size  of  the  container  were  ad¬ 
justed  in  each  case  to  the  same  ratio  with  respect  to 
the  volume  of  oil  used  as  in  the  case  of  the  larger 
sample.  The  results  were  substantially  the  same 
and  the  small-scale  test  may  be  of  considerable 
value  for  research  work.  With  an  Ostwald  type 
of  viscometer  for  measuring  viscosity,  a  35-ml. 
sample  is  sufficient  to  determine  all  the  usual  used 
oil  properties. 

Rate  of  Air  Flow.  In  accordance  with  the 
authors’  basic  thought  on  the  testing  of  oil,  the  rate 
of  air  flow  was  chosen  so  that  the  ratio  of  this  rate 
to  the  volume  of  oil  was  the  same  as  that 
existing  in  the  engine  with  which  correlation  was 
desired.  Information  from  the  manufacturers  of 
10  cars  showed  that  the  air  flow  plus  the  blow- 
by  through  the  crankcase  on  the  road  varies  from  30  to 
350  liters  per  hour  per  160  ml.  of  oil.  The  main  gaseous  flow 
through  the  crankcase  of  an  engine  on  the  test  stand  is  the 
result  of  blow-by.  In  the  standard  Chevrolet  test  this  is 
said  (13)  to  be  about  1  cu.  foot  per  minute  or  70  liters  per  hour 
per  160  ml.  of  oil.  This  quantity  has,  therefore,  been  used. 
Table  III  shows  that  air  rates  substantially  less  than  70  liters 
per  hour  result  in  appreciably  less  breakdown  in  the  authors’ 
particular  apparatus.  However,  other  studies  showed  that  the 
effect  of  air  rate  reached  a  maximum  at  about  70  liters  per  hour. 
Dry  air  was  used  in  this  investigation,  but  probably  wet  air  is  to 
be  preferred  because  it  will  disclose  hydrolyzable  additives. 


Figure  8.  Effect  of  Butyl  Disulfide  on  Oil  B-2 

0  Viscosity  increase,  Saybolt  seconds  at  100°  F./1000. 

O  Cu  corrosion,  mg. 

□  Neutralization  No. 

A  Cu-Pb  corrosion,  mg  per  1 0  sq.  cm. 

<S>  Lacquer,  mg.  per  sq.  dm. 

Standard  conditions  except  temperature  is  300°  F.  and  iron  naph- 
thenate  concentration  is  0.04%  as  FesOi. 
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Table  III.  Comparison  of  30  vs.  70  Liters  per  Hour  Air  Rate 

(Temperature,  300°  F.  Time,  36  hours.  Cu,  1.0  sq.  cm.  Cu-Pb,  4.4 
sq.  cm.  Oil  and  catalyst  added  in  5  increments.  160  ml.  of  oil) 


Oil  B-l 


Oil  B-2 


Oil  B-3 


Air  rate,  liters  per  hour 

30 

70 

30 

70 

30 

70 

Fe2C>3  as  naphthenate  (added  as 

solid),  % 

0.04 

0.035 

0.04 

0.035 

0.04 

0.035 

Lacquer,  mg.  per  sq.  dm. 

0.5 

2.8 

1.2 

4.9 

0.5 

7.3 

Naphtha-insolubles,  %  by  volume 

0 

2.5 

0 

0 

Trace 

0 

Cu  weight  loss,  mg.  per  sq.  dm. 

0.7 

0.0 

1.5 

1.9 

0.1 

0.2 

Cu-Pb  weight  loss,  mg.  per  10 
sq.  cm. 

2.2 

4.3 

4.9 

18.7 

22.3 

33.5 

Neutralization  No. 

1.2 

1.28 

3.4 

3.42 

2.7 

2.19 

Viscosity  increase,  Saybolt  sec¬ 
onds  at  100°  F. 

197 

266 

264 

480 

122 

160 

Sludge  rating 

A  + 

B  + 

A  + 

B  + 

A 

A- 

Table  IV.  Stepwise  Addition  of  Ferric  Naphthenate  vs.  Addition 
of  the  Total  at  Start 

(Time,  36  hours.  Temperature,  300°  F.  Air  rate,  70  liters  per  hour. 
Metals,  100  sq.  cm.  of  steel,  4.4  sq.  cm.  of  Cu-Pb,  1.0  sq.  cm.  of  Cu) 


Fe20j  as  naphthenate  (added  as 
solid),  % 

Average  concentration 
Oil  No. 

Lacquer,  mg.  per  sq.  dm. 

Isopentane-insolubles,  mg.  per  10 
grams 

Cu  weight  loss,  mg. 

Cu-Pb  weight  loss,  mg. 

Neutralization  No. 

Viscosity  increase,  Saybolt  seconds 
at  100°  F. 

Sludge  rating 


Method  of  Addition 


5  Increments 


All  at  Start 


0.035 

0.010 

0.022 

0.010 

1 

B-l 

B-2 

B-3 

B-l 

B-2 

B-3 

2.8 

4.9 

2.3 

1.8 

3.8 

2.2 

0 

4.0 

18.0 

6.5 

2.7 

0.0 

1.9 

0.2 

0.3 

4.9 

0.3 

4.3 

18.7 

33.5 

7.3 

37.7 

13.1 

1  0 

1.28 

3.42 

2.19 

1.08 

4.40 

1.29 

266 

480 

160 

235 

1452 

68 

B  + 

B  + 

A- 

A  + 

A- 

A  + 

One  factor  which  can  be  affected  seriously  by  air  rate  is  the 
concentration  of  organic  acids,  since  some  of  them  are  volatile. 
It  was  found  that  acetic  and  propionic  acids  were  carried  away 
substantially  completely  by  30  liters  per  hour  of  air  without  af¬ 
fecting  the  oxidation.  It  is  well  known  that  acidic  products  do 
come  off  in  oil  oxidation.  However,  lauric,  stearic,  and  cerotic 
(C2e)  acids,  when  added  to  an  oil  on  an  equimolar  basis,  had 
roughly  an  equal  and  powerful  effect.  All  were  very  corrosive  to 
copper  and  copper-lead  and  the  metal  soaps  thus  formed  were 
powerful  catalysts.  It  was  thought  that  the  removal  of  acids 
by  the  air  would  be  about  the  same  in  a  laboratory  test  as  in  an 
engine,  if  the  air  rates  were  proportional  to  the  respective  oil 
volumes.  In  correlating  work  with  reported  Chevrolet  results, 
the  neutralization  numbers  were  equal  to  and  in  some  cases 
slightly  greater  than  those  of  the  used  engine  oil,  supporting  this 
concept. 

Methods  of  Addition  of  Oil  and  Iron  Soap.  In  life  testing 
oil  in  engines,  some  oil  is  consumed  and  some  is  removed  for 
testing,  fresh  oil  being  used  for  replacement.  Likewise,  fresh 
iron  catalyst  is  probably  made  available  during  the  entire  course 
of  the  run  instead  of  all  at  once  near  the  start.  The  fresh  oil  to  be 
added  during  the  run  in  the  Chevrolet  test  is  about  equal  in  vol¬ 
ume  to  the  original  charge  (I).  Table  IV  shows  the  effect  of 
adding  the  iron  naphthenate  in  increments  as  compared  with 
adding  it  all  at  the  start.  The  former  procedure  was  much  less 
severe  and  at  least  40  to  50%  more  iron  naphthenate  was  re¬ 
quired  to  bring  the  deterioration  up  to  that  of  the  latter.  Other¬ 
wise,  the  results  were  similar.  Wear  studies  (4)  have  shown  that 
much  of  the  “wear-produced”  iron  is  formed  during  the  first 
part  of  the  engine  operation,  so  that  this  catalytic  factor  might 
best  be  reproduced  by  bringing  all  the  iron  soap  in,  at,  or  near, 
the  start  of  the  test.  There  seems  to  be  no  advantage  in  re¬ 
placing  the  oil  during  the  laboratory  test  with  new  oil  and  it  de¬ 
tracts  from  the  simplicity  of  the  procedure. 

APPLICATION  TO  B  OILS 

Table  V  shows  check  tests  on  the  four  B  oils  and  deviation  of 
each  property.  The  reproducibility  was  very  good  for  oils  in 
which  the  deterioration  was  not  excessive.  The  larger  deviations 
are  found  in  oil  B-4,  which  was  so  unstable  that  the  useful  life 
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Figure  9.  Effect  of  Ferric  2-Ethyl  Hexoate 

Above.  Oil  B-2  with  0.1%  lead  bromide. 

Below.  Oil  B-1  with  0.1%  lead  bromide. 

Time,  36  hours.  Temperature,  280°  F.  Air  rate,  70  liters  per  hour. 

Metals.  100  sq.  cm.  of  steel,  4.4  sq.  cm.  of  Cu-Pb,  1.0  sq.  cm.  of  Cu. 

Ferric  2-ethyl  hexoate  added  as  solution  in  C.P.  benzene. 

0.10%  lead  bromide  with  surface  area  of  1.0  sq.  meter  per  gram.  Passed  250  mesh. 


was  considerably  short  of  the  36  hours  of  the  test.  In  a  large 
number  of  other  check  tests  the  reproducibility  was  as  good  or 
better  than  that  shown  in  Table  V. 

The  reproducibility  of  the  results  depends  largely  upon  the 
accuracy  of  the  temperature  control,  which  should  be  ±  1  °  F.  or 
better,  and  the  addition  of  the  iron  soap. 


Table  V.  Reproducibility  of  Test  as  Measured  on  B  Oils 

(Time,  36  hours.  Temperature,  280°  F.  Air  rate,  70  liters  per  hour. 
Metals,  100  sq.  cm.  of  Cu-Pb,  4.4  sq.  cm.  of  Cu.  Catalysts,  0.012%  FesOj  as 
2-ethyl  hexoate,  0.10%  PbBr2) 


Oil 


Oil 


Oil 


Oil 


Lacquer,  mg.  per  sq.  dm. 

Isopentane-insolubles, 
mg.  per  10  grams 

Cu  weight  loss,  mg.  per 
1.0  sq.  cm. 

Cu-Pb  weight  loss,  mg. 
per  4.4  sq.  cm. 

Neutralization  No. 

Viscosity  increase,  Say- 
bolt  seconds  at  100°  F. 

Sludge  rating 


B 

-1 

B-2 

B-3 

B-4 

3.0 

8.0 

0.8 

0.7 

0.1 

1.2 

43.5 

50.1 

85.9 

119.7 

8.8 

4.5 

8.5 

1.0 

739.4 

873.3 

0.6 

0.8 

2.5 

0.7 

0.8 

-0.3 

0.1 

0.2 

3.6 

4.7 

16.7 

10.7 

0.9 

0.1 

6.2 

8.6 

2.0 

2.3 

5.4 

4.6 

0.5 

0.3 

5.2 

2.8 

426 

317 

721 

761 

37 

38 

2142 

1968 

A 

B  + 

A 

A- 

A  + 

A- 

E 

D- 

308 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  17,  No.  5 


Correlation  with  Engine  Tests.  As  a  basis  for  engine 
performance,  the  authors  took  the  Chevrolet  test  work  sponsored 
by  Subdivision  B  of  the  Lubricants  Division  of  the  S.A.E.  Stand¬ 
ards  Committee  and  reported  by  Mougey  and  Moller  (13,  14). 
This  work  involved  the  testing  of  four  oils  in  the  Chevrolet  engine 
by  fourteen  laboratories. 


o' — ™ — nd — — ■ — \2a — — — — ca — — 

OIL  B-l  B-2  B-3  B-4 


Figure  10.  Correlation  between  Average  Chevrolet  Test  and 
Standard  Laboratory  Test 


All  the  factors  entering  the  oil  test  except  that  of  iron  soap 
content  were  selected  to  correspond  to  the  respective  values  of 
those  factors  in  the  engine  test.  Figure  9  shows  that  the  iron 
soap  concentration  was  also  a  very  important  factor.  The 
selection  of  a  correlating  concentration,  0.012%  (as  FeiO,),  was 
based  on  the  results  of  studies  on  B  oils  of  which  Figures  9  and  10 
are  typical.  The  reported  results  of  the  14  participating  labora¬ 
tories  have  been  averaged  and  compared  with  the  laboratory  re¬ 
sults  in  Figure  10.  The  relative  correlation  of  laboratory  and 
engine  sludge  rating  was  also  good  with  one  exception,  oil  B-3, 
which  was  rated  better  than  the  engine  tests.  Recent  engine 
data  of  several  laboratories  have  given  it  a  higher  rating  than 
before,  as  shown  in  the  shaded  area  of  this  bar.  This  was  more 
in  accord  with  the  laboratory  results. 

The  isopentane-insoluble  material  in  the  used  oils  from  this  test 
were  usually  completely  soluble  in  chloroform.  However,  in  the 
used  oils  from  the  engine  tests  a  substantial  part  was  insoluble  in 
chloroform.  This  was  probably  due  to  materials  entering  the  oil 
from  the  combustion  zone  and  the  breather  pipe  of  the  engine. 

The  correlation  with  all  the  oils  was  good  on  viscosity  increase. 

The  corrosion  of  the  pieces  of  copper-lead  bearings,  Figure 
9,  in  the  laboratory  procedure  was  usually  considerably  less 
than  in  the  engine,  probably  because  of  the  absence  of  vigorous 
mechanical  action.  It  is  not  felt  that  the  present  procedure  will 
evaluate  corrosion  quantitatively. 


VARIATIONS  OF  TEST  PROCEDURE 

Once  it  has  been  established  that  an  oil  shows  promise  in  the 
above  standard  test,  which  was  based  to  a  large  extent  on  the 
particular  composition  of  the  B  oils,  it  becomes  important  to 
know  whether  it  would  tolerate  excessive  amounts  of  a  particular 
catalyst  or  the  higher  temperatures  in  the  ring  zone.  For  this 
purpose  a  series  of  tolerance  tests  has  been  employed.  The 
operating  factors  of  the  primary  test  save  one  were  retained  and 
separate  tests  were  made  in  which  one  of  the  variables  was  changed 
as  follows : 


Type  of  Tolerance  Test  Change  in  Concentration  or  Condition 


Iron 

Lead  bromide 
Temperature 

Copper 


Increased  from  0.012  to  0.05% 

Increased  from  0.1  to  0.4% 

Increased  from  280°  to  350°  F.  and  time  reduced 
from  36  to  10  hours 
Increased  from  1  to  4  sq.  cm. 


In  general,  the  iron  and  temperature  tolerance  tests  are  of 
greatest  importance,  as  is  illustrated  below.  The  results  of  the 
tolerance  tests  on  the  B  oils  which  were  correlated  by  the  stand¬ 
ard  test  procedure  are  shown  in  Figure  11.  Except  for  oil  B-3, 
the  temperature  tolerance  data  were  better  or  equal  to  the 
standard  test  data.  This  indicates  a  low-temperature  sensitivity 
of  these  oils.  In  contrast,  excess  iron  was  deleterious  in  some 
way  to  each  of  the  oils,  although  some  were  affected  more  than 
others.  The  engine  appearance  on  B-4  was  improved  somewhat, 
possibly  owing  to  some  detergent  action  of  the  iron  soap.  Every¬ 
thing  considered,  B-3  remained  the  best  oil  and  B-4  the  poorest. 
On  the  other  hand,  studies  have  been  made  on  a  certain  type  of 
inhibitor-oil  combination,  which  was  not  affected  by  the  stand¬ 
ard  or  the  iron  tolerance  tests  but  was  seriously  harmed  by  the 
temperature  tolerance  conditions.  This  was  reflected  in  poorer 
results  from  the  Chevrolet  tests  than  from  the  “standard” 
laboratory  test.  The  prediction  based  upon  the  temperature 
tolerance  test  was  that  increased  concentrations  of  inhibitor 
would  be  necessary  for  a  successful  Chevrolet  test.  This  proved 
to  be  the  case. 

Results  on  Some  Other  Known  Oils.  The  utility  of  any 
laboratory  test  rests  in  its  application  to  the  evaluation  of  an 
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Table  VI.  Oxidation  Test  on  X  Oil  and  Penn  30 


Type  of  Test 

Lacquer 

Isopentane- 

insoluble 

Cu-Pb  weight  loss 
Neutralization 
No. 

Viscosity  increase 
Appearance 
Engine  service 
characteristics 


Oil  AX 

Oil  BX 

Oil  cx 

Oil  DX 

Penn  Oil  30 

Iron 

toler- 

Temper¬ 

ature 

toler- 

Stand- 

Iron 

toler- 

Temper¬ 

ature 

toler- 

Stand- 

Iron 

toler- 

Temper¬ 

ature 

toler- 

Stand- 

Iron 

toler- 

Temper¬ 

ature 

toler- 

Stand- 

Iron 

toler- 

Te  mper- 
ature 
toler- 

ard 

ance 

ance 

ard 

ance 

ance 

ard 

ance 

ance 

ard 

ance 

ance 

ard 

ance 

ance 

0.0 

5.0 

1.2 

7.6 

8.6 

3.5 

19.5* 

2.0 

1.7 

11.3 

1.4 

2.8 

15.6 

1.5 

10.4 

355  7 

336.0 

177.3 

222.2 

830.6 

320.6 

1.2 

193.7 

58.8 

0.9 

23.3 

22.8 

201.9 

228.0 

72.7 

1.0 

0.8 

0.5 

6.2 

66.5 

12.6 

0.4 

3.7 

0.3 

2.1 

42.7 

17.8 

3.8 

16.4 

13.8 

1  2 

4  5 

1.5 

1.3 

7.7 

1.4 

0.9 

4.5 

0.9 

0.5 

3.8 

1.0 

1.9 

1.9 

1.0 

429 

227 

409 

308 

542 

588 

66 

184 

94 

38 

179 

83 

493 

1095 

430 

r. 

a  4- 

B 

A 

C  + 

A- 

A- 

A- 

A- 

A 

A- 

A- 

B 

A 

B  + 

A  heavy-duty  oil  having 
excellent  oxidation  re¬ 
sistance  properties  but 
limited  in  detergency 

A  heavy-duty  oil  having 
good  detergency  prop¬ 
erties  but  limited  in 
oxidation  resistance 

A  heavy-duty  oil  possess¬ 
ing  both  detergency 
and  resistance  to  oxi¬ 
dation 

A  heavy-duty  oil  satis¬ 
factory  both  as  to 
detergency  and  sta¬ 
bility  under  limited 
conditions  but  which 

may  oxidize  and/or 
corrode  bearings 
under  certain  high 
temperature  condi¬ 
tions 


•  Probably  error,  as  there  was  no  visible  lacquer  film. 


oil  of  unknown  performance.  The  above  work  has  shown  the 
test  to  be  applicable  for  determining  oil  stability  for  B  oils  which 
represent  a  fairly  divergent  group.  However,  there  are  many 
types  of  oils  and  additives  which  may  or  may  not  respond  as  well. 
Table  VI  shows  a  group  of  oils  known  as  the  X  oils  for  which  the 
service  characteristics  have  been  determined  but  not  yet  re¬ 
leased  by  the  Corrosion  Section  of  the  Technical  Committee  B, 
Committee  D-2  of  the  A.S.T.M.  A  Penn  oil  is  also  included. 
These  are  shown  with  the  objective  that  service  correlation 
may  be  available  sometime. 

SUMMARY 

The  service  requirements  of  lubricating  oils  are  so  varied  as  to 
make  their  refining  and  testing  extremely  difficult.  Indeed,  the 


“service  performance”  of  an  oil  is  a  very  vague  term.  In  the 
present  work  by  the  application  of  reasonable  chemistry  a  labora¬ 
tory  test  procedure  has  been  developed  which  gives  substantial 
correlation,  except  for  corrosion,  with  one  type  of  “service”  and 
for  a  certain  few  oils;  but  this  development  is  by  no  means  com¬ 
plete.  By  the  application  of  certain  “tolerance”  tests  a  funda¬ 
mental  understanding  of  the  mechanisms  of  various  additives 
and  of  the  decomposition  of  an  oil  is  possible  to  a  greater  extent 
than  with  engine  tests.  Application  of  the  principles  developed 
may  be  of  substantial  aid  to  both  routine  testing  and  research 
work  in  the  field  of  motor  oils.  However,  completely  satisfac¬ 
tory  procedures  must  also  give  information  upon  bearing  corro¬ 
sion.  A  procedure  for  doing  this  in  the  proposed  test  is  under 
investigation  and  will  be  reported  later. 
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Analysis  of  Hydrofluoric-Nitric  Acid  Stainless  Steel 

Pickling  Bath 
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Engineering  Research  Laboratory,  Chemical  Division,  Lockheed  Aircraft  Corporation,  Burbank,  Calif. 


The  economical  and  efficient  operation  of  the  hydrofluoric-nitric  acid 
stainless  steel  pickling  bath  requires  control  by  chemical  analysis. 
In  this  paper  rapid  quantitative  analytical  procedures  are  presented 
for  the  analysis  of  the  bath.  They  include  the  determination  of  total 
acidity,  iron,  fluoride,  and  nitrate. 

THE  nitric-hydrofluoric  acid  pickle  bath  is  used  in  cleaning 
the  siliceous  welding  flux  residue  and  scale  from  stainless 
steel  parts  after  welding  or  annealing.  The  solution  when  origi¬ 
nally  made  up  contains  approximately  1%  anhydrous  hydro¬ 
fluoric  acid  and  12%  anhydrous  nitric  acid  by  weight.  These 
concentrations  vary  as  the  bath  is  replenished. 

Since  satisfactory  analytical  procedures  were  not  available, 
control  had  consisted  of  adding  hydrofluoric  acid  and  nitric  acid 
in  the  ratio  of  1  to  10  parts  by  weight,  respectively,  to  produce 
the  desired  pickling  rate.  The  need  for  a  rapid  control  analysis 
to  determine  both  the  factors  influencing  the  efficiency  of  the 
bath  and  the  concentrations  of  the  components  was  obvious  be¬ 
cause  of  the  erratic  performance  of  the  bath.  Unnecessary  addi¬ 
tions  and  tank  drainings  can  be  eliminated  if  these  factors  are 
known.  In  the  course  of  this  investigation,  it  was  found  that 
proper  control  of  the  bath  required  the  determination  of  total 
acid,  as  well  as  the  iron,  fluoride,  and  nitrate  ions  (4) . 

DISCUSSION 

The  separate  quantitative  determination  of  nitric  and  hydro¬ 
fluoric  acids  by  direct  alkali  titration  is  prevented  by  the  accumu¬ 
lation  of  siliceous  materials  from  the  welding  flux  as  well  as  iron, 
chromium,  and  nickel  from  the  dissolved  steel.  In  hydrofluoric 
acid,  iron,  chromium,  and  nickel  form  weak  acids  of  the  types 
H3MF6  and  H2FM5  (5),  where  M  =  Fe,  Cr,  or  Ni.  During  the 
neutralization  of  these  compounds,  metallic  hydroxides  are  pre¬ 
cipitated.  Ferric  hydroxide  starts  to  precipitate  at  about  pH  4; 
chromium  and  nickel  precipitate  at  slightly  higher  pH  values. 
At  pH  8,  practically  all  of  the  iron  and  most  of  the  chromium  and 
nickel  are  precipitated.  The  nitric  and  hydrofluoric  acids,  as  well 
as  weak  acids,  are  also  completely  neutralized  at  this  pH  value. 

The  total  acidity  can  be  arbitrarily  considered  as  the  sum  of  all 
acidic  constituents  which  are  titrated  by  an  alkali  to  a  pH  of  8. 
The  titration  must  be  corrected  for  the  amount  consumed  in  pre¬ 
cipitating  the  metallic  ions  as  hydroxides.  It  is  expressed  as 
equivalents  of  acid  per  100  ml.  of  sample.  Since  titration  curves 
show  that  in  hydrofluoric-nitric  acid  solutions  of  these  metals  the 
greatest  inflection  occurs  at  pH  8,  it  is  possible  to  titrate  to  this 
pH,  thus  neutralizing  all  strong  and  weak  acids,  and  to  calculate 
their  concentrations  by  applying  a  correction  factor  for  the  alkali 
used  by  the  metals.  This  factor  is  obtained  by  separating  the 
hydroxides  and  measuring  the  volume  of  the  precipitate  in  gradu¬ 
ated  centrifuge  cones  under  definite  conditions. 

When  similar  conditions  of  acidity  and  identical  conditions 
of  centrifuging  are  maintained,  a  satisfactorily  constant  relation 
is  obtained  between  the  volume  of  the  precipitate  and  the  amount 
of  base  required  to  produce  the  precipitate,  even  though  the  con¬ 
centrations  of  the  iron,  chromium,  and  nickel  ions  vary  over  a 
wide  range.  In  practice,  the  amount  of  dissolved  iron  is  always 
several  times  greater  than  that  of  the  chromium  and  nickel. 

1  Present  address,  Vaso  Sulfa  Laboratories,  1947  East  Midwick  Drive, 
Altadena,  Calif. 


A  number  of  quantitative  procedures  are  available  for  the  de¬ 
termination  of  fluorides.  They  include  precipitation  methods 
using  calcium  fluoride,  lead  chlorofluoride  (8),  or  triph&nyltin 
fluoride  (£);  the  titration  of  evolved  silicon  tetrafluoride  with 
alkali  ( 1 ,  6) ;  and  various  colorimetric  methods.  In  general,  they 
are  not  practical  for  the  control  analysis  of  the  pickle  bath,  be¬ 
cause  large  quantities  of  iron  and  other  metals  in  solution  result 
in  interference. 

A  slightly  modified  form  of  the  Rowley-Churchill  determina¬ 
tion  was  found  to  be  rapid  and  satisfactory  (7).  Fluorides  are 
separated  from  the  interfering  metals  by  distillation  as  fluosilicic 
acid  and  titrated  in  a  buffered  solution  with  thorium  nitrate, 
using  Alizarine  Red  S  as  an  indicator.  Nitric  acid  does  not  in¬ 
terfere. 

The  dissolved  iron  is  present  entirely  in  the  ferric  state.  In  the 
presence  of  chromium  and  nickel  it  may  be  determined  by  any 
one  of  several  gravimetric  procedures.  In  the  following  rapid 
method,  the  iron  is  estimated  in  graduated  centrifuge  cones  by 
comparing  the  volume  of  ferric  hydroxide  precipitated  from  an 
aliquot  of  the  pickle  solution  with  that  from  known  samples. 
The  standard  must  be  precipitated  from  a  nitric  acid  solution 
containing  fluorides,  but  the  quantities  present  are  not  critical. 
An  excess  of  sodium  hydroxide  and  ammonia  dissolves  the  bulky 
nickel  and  chromic  hydroxides  which  coprecipitate  with  the  ferric 
hydroxide.  To  obtain  accurate  results,  the  pickle  solution  and 
the  standard  must  be  precipitated  and  centrifuged  in  a  similar 
manner. 

The  nitrate-ion  concentration  is  conveniently  determined  by 
the  ferrous  sulfate  method  of  Bowman  and  Scott  (3),  which  applies 
to  nitrate  determination  in  concentrated  arsenic,  phosphoric,  or 
sulfuric  acid.  For  the  analysis  of  the  pickle  solution,  the  most 
consistent  results  were  obtained  by  titrating  the  nitrate  ion  in 
concentrated  sulfuric  acid.  Fluorides,  trivalent  chromium  nickel, 
and  iron  do  not  interfere. 

REAGENTS  REQUIRED 

Standardized  base,  0.5  N  sodium  hydroxide. 

Standardized  nitric  acid,  1.5  N. 

Standard  sodium  fluoride,  0.750  N.  Dry  c.p.  sodium  fluoride 
for  2  hours  at  110°  to  120°  C.,  dissolve  3.150  grams  of  the  dry  salt 
in  distilled  water,  and  dilute  to  exactly  100  ml. 

Stock  stainless  steel  solution,  130  grams  of  ferric  nitrate  nona- 
hydrate,  35  grams  of  chromic  nitrate  nonahydrate,  and  16  grams 
of  nickel  nitrate  hexahydrate  in  1  liter  of  distilled  water. 

Buffer  solution,  9.4  grams  of  monochloroacetic  acid  and  2.0 
grams  of  sodium  hydroxide  in  100  ml.  of  distilled  water. 

Indicator,  0.5  gram  of  Alizarine  Red  S  (monosodium  alizarin 
sulfonate)  in  100  ml.  of  distilled  water. 

Standardized  thorium  nitrate,  0.07  N.  Dissolve  9.2  grams  of 
c.p.  thorium  nitrate  tetrahydrate  in  1000  ml.  of  distilled  water 
and  standardize  against  standard  sodium  fluoride. 

Standard  iron  solution,  0.010  gram  per  ml.  Dissolve  1.00 
gram  of  pure  iron  wire  in  25  ml.  of  6  A  nitric  acid,  boil  a  few 
moments,  and  dilute  to  exactly  100  ml. 

PROCEDURE 

Total  Acidity.  Correction  Factor.  The  correction  factor  for 
metallic  impurities  is  determined  as  follows: 

A  solution  of  10.0  ml.  of  standard  sodium  fluoride  and  10.0  ml. 
of  standard  nitric  acid  are  added  to  approximately  20  ml.  of  water 
and  titrated  to  a  pH  of  8.0  with  the  aid  of  a  pH  meter.  A  solu¬ 
tion  of  10.0  ml.  of  standard  sodium  fluoride,  10.0  ml.  of  standard 
nitric  acid,  and  5.0  ml.  of  stock  stainless  steel  solution  are  added 
to  approximately  15.0  ml.  of  water  and  the  mixture  is  titrated  to  a 


310 


May,  1945 


ANALYTICAL  EDITION 


311 


pH  of  8.0.  The  titration  should  be  made  slowly  near  the  end 
point.  If  the  final  volume  exceeds  100  ml.,  the  precipitate  is 
allowed  to  settle  and  some  of  the  supernatant  liquid  is  poured  off. 
The  precipitate  is  then  stirred  up  into  the  remaining  liquid  and 
the  suspension  is  distributed  between  two  graduated  50-ml. 
centrifuge  cones.  The  cones  are  filled  to  the  50-ml.  mark,  bal¬ 
anced  by  adding  water,  and  centrifuged  for  at  least  3  minutes. 
The  time  interval  during  centrifuging  is  accurately  noted.  The 
total  volume  of  precipitate  in  the  two  cones  is  recorded. 

The  correction  factor  for  metallic  impurities  is  calculated  as 
follows: 

A  =  ml.  of  base  to  titrate  10.0  ml.  of  standard  sodium  fluoride. 
10.0  ml.  of  standard  nitric  acid,  and  5.0  ml.  of  stainless 
steel  solution 

B  =  ml.  of  base  to  titrate  10.0  ml.  of  standard  sodium  fluoride 
and  10.0  ml.  of  standard  nitric  acid 
C  =  ml.  of  hydroxide  precipitate 

W  —  correction  factor  or  ml.  of  base  per  ml.  of  precipitate 


Total  Acidity  Determination.  An  aliquot  of  5.0  ml.  of  pickling 
solution  is  added  t®  approximately  35  ml.  of  water  and  titrated 
to  a  pH  of  8.0.  The  amount  of  precipitate  is  determined  as  indi¬ 
cated  above,  using  the  same  centrifuging  time  and  speed.  The 
total  acidity  is  calculated  as  follows: 

D  =  ml.  of  base  required  to  titrate  5.0  ml.  of  sample 
E  =  ml.  of  hydroxides  precipitated  from  5.0  ml.  of  sample 
W  =  correction  factor 
N  =  normality  of  base 

X  =  total  acidity  as  equivalents  of  acid  per  100  ml.  of  pickle 
solution 

X  =  ~r^W^N  =  total  acidity 
50 

Iron  Content.  Any  standard  gravimetric  method  for  the 
determination  of  iron  in  the  presence  of  chromium  and  nickel  may 
be  used.  However,  the  following  rapid  method  is  recommended. 

Standardization.  From  1.0  to  10.0  ml.  of  standard  ferric  iron 
solution  are  added  to  a  solution  of  about  5.0  ml.  of  standard  so¬ 
dium  fluoride  and  5.0  ml.  of  standard  nitric  acid  and  diluted  to 
about  40  ml.  The  solution  is  titrated  to  a  pH  of  8.0,  20  ml.  of 
concentrated  ammonia  and  4  grams  of  sodium  hydroxide  are 
added,  and  the  suspension  is  stirred  until  the  sodium  hydroxide 
has  dissolved.  The  precipitate  is  centrifuged  and  measured 
under  exactly  the  same  conditions  as  used  for  the  unknown 
sample.  The  volume-weight  relation  is  found  from  the  observed 
volume  of  the  precipitated  ferric  hydroxide  and  the  grams  of  iron 
required  to  produce  it. 

Determination.  A  5.0-ml.  portion  of  sample  is  added  to  ap¬ 
proximately  35  ml.  of  water  and  titrated  to  a  pH  of  8.0;  20  ml.  of 
concentrated  ammonia  and  4  grams  of  sodium  hydroxide  are 
added,  and  stirred  until  the  sodium  hydroxide  has  been  dissolved. 

The  suspension  of  hydroxides  is  centrifuged  in  graduated  cones 
as  in  the  total  acidity  procedure.  The  volume  of  precipitate  is 
measured  and  compared  with  a  standard  prepared  from  the  stand¬ 
ard  iron  solution.  For  most  accurate  results,  equal  amounts  of 
precipitate  should  be  used  in  comparing  known  amounts  of  iron, 
as  against  unknown  amounts  of  pickle  solution. 

The  iron  content  is  calculated  as  follows: 

G  =  grams  of  iron  taken  for  standardization 
H  =  ml.  of  precipitate  obtained  from  known  amount  of  iron 
taken  for  standardization 
J  =  ml.  of  precipitate  from  5.0  ml.  of  sample 
Y  =  grams  of  ferric  iron  per  100  ml.  of  sample 
20  GJ 
H 

Nitrate  Determination.  A  2.0-ml.  portion  of  sample  is 
delivered  beneath  the  surface  of  100  ml.  of  nitrate-free  concen¬ 
trated  sulfuric  acid.  The  concentrated  sulfuric  acid  should  be 
stirred  while  the  sample  is  being  delivered.  The  grams  of  nitrate 
ion  per  100  ml.  of  pickle  solution  are  calculated  from  the  ferrous 
sulfate  consumed.  Bowman  and  Scotts’  correction  factor  is  also 
applied. 

Total  Fluoride  Content.  A  125-ml.  distilling  flask  con¬ 
nected  to  a  water-cooled  condenser  is  fitted  with  a  two-hole  rubber 
stopper;  a  thermometer  is  extended  down  into  the  liquid  and  a 
dropping  funnel  arranged  so  that  water  can  be  added  during  the 
distillation.  The  distillate  is  conveniently  collected  in  a  100-ml. 
volumetric  flask. 

A  few  glass  beads  and  approximately  0. 1  gram  of  sodium  silicate 
are  placed  in  the  distilling  flask,  and  6  ml.  of  70%  perchloric  acid 


Table  I.  Determination  of  Total  Acidity  in  Known  Samples 


Experi¬ 

ment 

Total  Acid 
Added, 
Equivalents 

Total  Acid 
Found, 
Equivalents 

Difference, 

Equivalents 

Difference, 

No. 

per  100  Ml. 

per  100  Ml. 

per  100  Ml. 

% 

1 

0.154 

0.149 

-0.005 

-3.2 

2 

0.154 

0.150 

-0.004 

-2.6 

3 

0.215 

0.219 

+  0.004 

+  1.9 

4 

0.215 

0.216 

+  0.001 

+  0.46 

5 

0.215 

0.205 

-0  010 

-4.7 

6 

0.277 

0.268 

-0.009 

-3.2 

7 

0.277 

0.283 

+  0.006 

+  2.2 

8 

0.307 

0.314 

+  0.007 

+  2.3 

Table  II. 

Determination. of  Total  Fluoride  in  Known  Samples 

Experi- 

Total 

Total 

Fluoride 

Fluoride 

No. 

Added 

Found 

Difference 

G./100  ml. 

G./100  ml. 

G./100  ml. 

% 

1 

0.905 

0.902 

-0.003 

-0  33 

2 

0.905 

0.925 

+  0.02 

+  2.2 

3 

1.36 

1.33 

-0.03 

-2.2 

4 

1.36 

1.39 

+  0.03 

+  2.2 

5 

1.42 

1.46 

+  0.04 

+  2.8 

6 

1.81 

1.85 

+  0.04 

+  2.2 

7 

2.72 

2.67 

-0.05 

-1.9 

8 

2.84 

2.89 

+  0.05 

+  1.8 

and  20  ml.  of  water  are  added.  A  2.0-ml.  sample  is  carefully 
pipetted  into  the  flask.  The  distilling  flask  is  heated,  and^the 
temperature  of  boiling  solution  is  maintained  at  115°  to  125°  C. 
by  careful  addition  of  water  from  the  dropping  funnel.  The 
temperature  should  finally  be  allowed  to  reach  140°  C.  Approxi¬ 
mately  60  to  75  ml.  of  distillate  are  collected  in  a  100-ml.  flask  and 
diluted  to  the  mark  with  water.  Once  or  twice  during  the  distil¬ 
lation,  the  burner  should  be  removed  and  the  thermometer  and 
stopper  washed  down  with  water.  After  the  distillation  is 
completed,  any  condensate  is  washed  from  the  flask’s  arm  and 
condenser  into  the  volumetric  flask  and  diluted  to  volume  with 
distilled  water. 

A  25-ml.  aliquot  of  the  distillate  is  pipetted  into  a  tall  beaker 
and  diluted  to  100  ml.  and  3  drops  of  Alizarine  Red  S  indicator 
are  added.  Sodium  hydroxide,  0.5  N,  is  added  until  the  solution 
is  permanently  pink.  The  color  is  discharged  by  adding  diluted 
hydrochloric  acid  (1  to  200)  until  the  solution  is  just  light  yellow, 
then  2  ml.  of  the  buffer  solution  are  added.  The  solution  is 
titrated  over  a  white  background  with  thorium  nitrate  until  the 
appearance  of  a  light  pink  color,  which  lasts  for  3  to  4  minutes. 
The  thorium  nitrate  is  added  slowly  while  the  solution  is  stirred 
continuously.  There  is  some  pink  color  formed  during  the  titra¬ 
tion  because  of  the  absorption  of  the  dye  on  the  thorium  fluoride 
precipitate.  However,  the  sudden  increase  in  pink  color  at  the 
end  point  is  easily  discernible. 

The  normality  of  the  thorium  nitrate  is  determined  in  exactly 
the  same  manner  by  titrating  against  sodium  fluoride,  except  that 
the  distillation  is  omitted.  Ten  milliliters  of  the  standard  so¬ 
dium  fluoride  solution  are  pipetted  into  a  100-ml.  volumetric  flask 
and  diluted  to  the  mark,  and  10  ml.  of  this  diluted  solution  are 
titrated  as  above.  The  weight  of  fluoride  ion  per  100  ml.  of 
pickle  solution  is  calculated  as  follows: 

M  =  ml.  of  thorium  nitrate  required  to  titrate  a  25-ml.  aliquot  of 
the  distillate 

P  =  normality  of  thorium  nitrate  solution 
R  =  atomic  weight  of  fluorine 

Z  =  grams  of  fluoride  ion  per  100  ml.  of  pickle  solution 


REMARKS 

Analyses  of  a  large  number  of  pickling  solutions  has  shown 
that  for  room-temperature  operation  of  the  bath  the  total  acid 
and  nitrate-ion  concentrations  are  not  critical  if  kept  within  the 
following  approximate  limits:  total  acid  0.15  to  0.35  equivalent, 
nitrate  ion  7.5  to  20.0  grams  per  100  ml.  of  sample  (4).  The 
absolute  amounts  of  iron  and  fluoride  present  are  not  critical 
up  to  at  least  3  grams  of  iron  and  6  grams  of  fluoride  per  100  ml. 
of  sample,  even  though  the  ratio  of  their  concentrations  has  an 
effect  on  the  pickling  rate.  For  the  most  rapid  pickling  action, 
the  molar  ratio  of  fluoride  to  iron  should  be  kept  about  6  to  1. 
If  it  falls  below  3  to  1,  pickling  is  generally  very  slow.  The 
minimum  ratio  depends  on  the  annealing  conditions  and  the 
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Table  III.  Determination  of  Nitrate  in  Known  Samples 

Experiment 

Nitrate 

Nitrate 

No. 

Added 

Found 

Difference 

G./100  ml. 

G./ 100  ml. 

G./100  ml. 

% 

1 

3.72 

3.74 

+  0.02 

+  0.56 

2 

9.33 

9.23 

-0.10 

-1.1 

3 

9.53 

9.53 

0.00 

0,0 

4 

11.2 

11.1 

-0.1 

-0.89 

5 

13.1 

12.7 

-0.4 

-3.6 

6 

15.3 

15.2 

-0.1 

-0.65 

7 

16.8 

16.8 

0.0 

0.0 

8 

19.1 

18.9 

-0.2 

-1.0 

Table  IV. 

Comparison  of  Iron  Determinations  by  Gravimetric  and 

Present  Methods 

Experiment 

Gravimetric 

Present  Rapid 

No. 

Method 

Method 

Difference 

G./100  ml. 

G./100  ml. 

G./100  ml. 

% 

i 

0.925 

0.931 

+  0.006 

+  0.65 

2 

1.10 

1.20 

+  0.10 

+9.1 

3 

1.20 

1.19 

-0.01 

-0.83 

4 

1.33 

1.28 

-0.05 

-3.8 

5 

1.12 

1.14 

+0.02 

+  1.8 

6 

1.31 

1.39 

+  0.08 

+  6.1 

7 

2.19 

2.29 

+  0.10 

+  4.6 

8 

3.50 

3.33 

-0.17 

-4.9 

resulting  oxide  scale.  The  chromium  and  nickel  content  of  the 
bath  does  not  appreciably  affect  the  pickling  efficiency. 

In  some  cases,  the  determination  of  sulfates  may  be  desirable. 
Standard  gravimetric  methods  such  as  those  outlined  by  Tread¬ 
well  and  Hall  (9)  have  been  found  satisfactory. 


The  accuracy  obtained  from  the  above  outlined  methods  is 
more  than  sufficient  in  view  of  the  wide  ranges  of  concentration 
which  are  allowable.  The  procedures  were  designed  for  speed 
and  practical  convenience  rather  than  for  extreme  accuracy. 

Synthetic  pickle  solutions  of  known  composition  were  ana¬ 
lyzed  by  the  outlined  procedure.  In  each  case  the  concentra¬ 
tions  of  iron,  chromium,  and  nickel  were  varied.  The  data  are 
shown  in  Tables  I  to  IV.  The  results  of  each  experiment  repre¬ 
sent  an  average  of  at  least  three  determinations.  Iron  contents 
were  determined  by  a  gravimetric  procedure  in  which  the  iron 
was  separated  from  the  other  metallic  ions,  and  finally  weighed 
as  ferric  oxide.  These  gravimetric  values  compared  favorably 
with  those  obtained  by  the  present  rapid  method. 
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Determination  of  Water  in  Dry  Food  Materials 

Application  of  the  Fischer  Volumetric  Method 

C.  M.  JOHNSON 

Western  Regional  Research  Laboratory,  Albany,  Calif. 


With  the  Fischer  volumetric  method  it  was  possible  to  determine  the 
moisture  content  of  starches,  sugars,  pectin,  and  spray-dried  egg 
powder  fairly  rapidly  and  to  get  results  that  agreed  with  those  ob¬ 
tained  by  the  standard  vacuum-oven  technique.  The  apparent 
moisture  contents  of  a  number  of  dehydrated  vegetables  and  fruit 
powders  when  determined  by  electrometric  titration  were  generally 
slightly  higher  than  those  obtained  by  the  vacuum-oven  method. 


A  RAPID  and  accurate  method  for  the  determination  of  water 
in  many  dried  foods  and  food  materials  is  necessary  for  the 
proper  control  of  the  finished  product  in  manufacturing  plants 
and  inspection  laboratories.  At  present  the  official  vacuum-oven 
method  for  the  determination  of  moisture  in  dried  fruits  (3)  is 
used,  with  and  without  modifications,  for  the  determination  of 
moisture  in  dehydrated  vegetables.  The  vacuum-oven  method 
is  slow  and,  as  shown  by  Makower  and  Myers  ( 9 ),  does  not  give 
a  satisfactory  measure  of  the  true  moisture  content  of  dehydrated 
vegetables.  It  apparently  gives  satisfactory  results  with  such 
materials  as  starches,  sugars,  pectins,  and  egg  powder,  but  it 
requires  considerable  time  before  the  results  are  obtained. 

The  volumetric  method  developed  by  Fischer  (5)  is  rapid  and 
specific  for  water.  The  method  involves  the  titration  of  a  metha- 
nolic  suspension  or  solution  of  the  sample  with  a  reagent  com¬ 
posed  of  iodine  and  sulfur  dioxide  dissolved  in  pyridine  and 
methyl  alcohol.  The  chemistry  of  the  Fischer  reagent  has  been 
studied  in  considerable  detail  by  Smith,  Bryant,  and  Mitchell 
(15). 

The  end  point,  in  uncolored  solutions,  can  be  observed  fairly 


accurately  by  the  appearance  of  the  brown  iodine  color.  How¬ 
ever,  in  colored  solutions  or  in  solutions  containing  considerable 
amounts  of  spent  reagent,  the  visual  detection  of  the  end  point 
becomes  exceedingly  difficult.  Almy,  Griffin,  and  Wilcox  ( 1 ), 
Wernimont  and  Hopkinson  (16),  and  McKinney  and  Hall  (8) 
have  described  electrometric  methods  for  the  detection  of  the 
end  point  of  this  reaction,  thus  making  it  possible  to  determine 
the  moisture  content  of  colored  liquids  and  suspensions. 

The  use  of  the  Fischer  volumetric  method  for  the  determination 
of  moisture  in  organic  liquids  and  technical  products  has  been 
described  in  detail  by  many  workers  (1,  4,  5,  8,  10,  11,  15,  16). 
The  volumetric  determination  of  moisture  in  some  foodstuffs, 
such  as  fats,  marmalade,  and  cacao,  has  been  described  by  Kauf- 
mann  and  Funk  (7)  and  Richter  (14),  but,  to  the  author’s 
knowledge,  this  method  has  not  been  used  for  the  determination 
of  moisture  in  the  materials  reported  on  here. 

This  paper  presents  the  results  of  a  study  of  the  conditions 
necessary  for  the  Fischer  volumetric  determination  of  moisture 
in  starches,  sugars,  pectin,  egg  powder,  and  a  number  of  dehy¬ 
drated  and  spray-dried  foods. 

APPARATUS 

The  qualitative  unit  of  the  Senior  model  Fisher  titrimeter  was 
used  for  determination  of  the  electrometric  end  point  in  these 
studies.  Any  of  the  other  electrometric  systems  referred  to 
above  would  doubtless  have  been  equally  satisfactory.  It  was 
found  convenient  to  use  a  separate  stirring  and  electrode  system 
similar  to  that  described  by  Wernimont  and  Hopkinson  (16). 
The  electrodes  were  connected  to  the  brush  posts  of  the  titrimeter, 
thus  making  use  of  the  amplifying  and  “magic  eye’  system  of  the 
titrimeter.  The  magic  eye  was  set  so  that  it  was  open  about 
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Table  I.  Vacuum-Oven  and  Volumetric  Moisture  Values  for  Dehydrated  Vegetables 

(Vacuum-oven  values  after  38  hours  at  70°  C.;  volumetric  values  after  indicated  times  and  temperatures  of  contact) 


Material 


Carrots 
White  potato 
Cabbage 
Tomato  powder 


0  Interpolated  from  Figure  2. 


Apparent 

Moisture, 

Vacuum- 

Oven 

Apparent  Moisture,  Volumetric  Method 

Hours'  Contact  at  22°  C.  Hours’  Contact  at  60 

C. 

Method 

0.5 

2 

16 

48 

64  88  96 

0.5 

2 

4 

t> 

24 

% 

% 

% 

% 

%  %  % 

% 

% 

% 

% 

% 

6.62° 

6.33 

7.01 

7.12 

7.14 

7.05 

7.30 

7.31 

7.32 

7.34 

7.29 

6.84 

2.81 

3.90 

5.50 

6.16 

6.47 

4.98 

6.09 

6.63 

6.85 

7.26 

3  63 

3.12 

3.15 

4.00 

4.13  4.20 

3.76 

3.91 

4.00 

4.17 

4 . 65 

5.40° 

4.07 

4.98 

5.08  5.17 

5.32 

5.57 

5.70 

5.85 

6 . 14 

Table  II.  Comparison  of  Vacuum-Oven  and  Volumetric  Moisture 
Values  of  Dried  Whole  Egg  Powder 


Vacuum-Oven 

Method, 

100°  C., 

0.5  hour 

Volumetric 

Method 

0.5  hour 

1  hour 

Sample 

5  Hours 

at  22°  C. 

at  60°  C. 

at  60°  C. 

% 

% 

% 

% 

A 

4.76 

4.59 

4.69 

4.86 

4.72 

4.57 

4.71 

4.87 

B 

2.65 

2.64 

2.67 

2.83 

2.61 

2.52 

2.76 

2.94 

C 

5.17 

5.17 

5.27 

5.20 

5.20 

5.15 

5.20 

5.26 

D 

4.38 

4.34 

4.24 

4.37 

4.42 

4.29 

4.46 

4.42 

E 

5.04 

4.94 

5.11 

5.04 

5.10 

5.01 

4  98 

5.07 

bumping.  It  was  not  necessary 
to  wash  the  condenser,  since 
vapors  rarely  ascended  above 
the  neck  of  the  flask. 

In  later  experiments  the  flasks 
were  heated  to  60°  C.  while 
connected  to  a  condenser  and 
then  removed,  quickly  stop¬ 
pered,  and  stored  in  an  air  oven 
at  59°  =t  1°  C.  for  the  desired 
length  of  time. 

The  water  content  of  the 
cooled  sample  was  determined 
by  adding  Fischer  reagent  until 
the  brown  iodine  color  appeared 
and  then  back-titrating  to  the 
electrometric  end  point  with  the 
standard  water  solution.  The  last  few  drops  of  standard  water 
solution  were  added  slowly,  since  a  slight  lag  in  the  end  point 
is  characteristic  of  this  reaction  ( 1 ,  8).  The  direct  titration 
with  Fischer  reagent  was  not  satisfactory,  as  shown  in  the  dis¬ 
cussion  of  the  electrometric  behavior  of  this  system  by  Almy, 
Griffin,  and  Wilcox  ( 1 ). 

The  moisture  content  of  the  sample  was  then  calculated  after 
correction  for  the  moisture  content  of  the  methanol  used. 

RESULTS 

Fischer  volumetric  moisture  determinations  were  made  on 
samples  of  wheat  starch,  potato  starch,  sucrose,  glucose,  fructose, 
pectin,  spray-dried  whole  eggs,  and  a  number  of  dehydrated 
vegetables  and  fruit  powders.  The  dehydrated  and  spray- 
dried  products  are  referred  to  below  only  as  carrots,  tomato 
powder,  eggs,  etc. 

Determinations  of  moisture  on  the  starches,  sugars,  pectin,  and 


0.6  cm.  (0.25  inch)  when  the  electrodes  were  in  the  solution  con¬ 
taining  an  excess  of  the  reagent.  The  eye  closed  completely  at 
the  end  point  when  the  excess  reagent  was  titrated  with  standard 


spray-dried  materials  were  made  without  further  grinding.  The 
dehydrated  vegetables  were  ground  in  an  intermediate  W  iley 
mill  fitted  with  a  40-mesh  screen. 


water  solution. 

The  reagents  were  stored  in  all-glass  automatic  buret  systems 
and  were  protected  from  atmospheric  moisture  with  Drierite 
tubes. 

The  samples  were  prepared  and  titrated  in  250-ml.  No.  27  f 
glass-stoppered  Erlenmeyer  flasks. 


The  apparent  moisture  content  of  some  of  the  materials  was 
determined  after  varying  intervals  of  contact  with  the  methanol 
at  22°  and  60°  C.  Table  I  shows  the  relation  between  time  and 
temperature  of  contact  with  methanol  for  four  of  the  materials. 
The  vacuum-oven  values  after  38  hours  at  70°  C.  are  included  for 


REAGENTS 

Absolute  Methanol.  Most  of  the  commercial  absolute 
methanol  tested  in  this  study  contained  from  0.1  to  0.5%  water. 
It  was  necessary,  therefore,  to  dry  the  methanol  before  use. 
Drying  the  alcohol  with  magnesium  as  described  by  Gilman  and 
Blatt  (6)  proved  to  be  more  satisfactory  than  distilling  from  either 
calcium  oxide  or  Drierite.  The  alcohol  so  obtained  contained 
from  0.01  to  0.03%  of  water. 

Fischer  Reagent.  The  Fischer  reagent  was  prepared  by 
dissolving  169  grams  of  resublimed  iodine  in  511  ml.  of  the  dried 
methanol  and  425  ml.  of  reagent-grade  pyridine,  and  adding  128 
grams  of  sulfur  dioxide  gas.  The  reagent  did  not  heat  appre¬ 
ciably  when  the  sulfur  dioxide  was  added  at  a  rate  of  about  40 
grams  per  hour.  The  molar  ratios  of  iodine,  sulfur  dioxide,  and 
pyridine  in  the  reagent  were  1  to  3  to  8.  This  solution  deteriorated 
at  the  rate  of  about  1  %  per  day  when  first  prepared,  becoming 
slightly  more  stable  as  it  aged. 

Standard  Water  Solution.  The  standard  water  solution 
was  prepared  by  adding  sufficient  distilled  water  to  dry  methanol 
to  give  a  solution  containing  approximately  5  mg.  of  water  per  ml. 

The  ratio,  R,  between  the  Fischer  reagent  and  the  water  was  de¬ 
termined  daily  in  the  manner  described  by  Wernimont  and  Hop- 
kinson  {16). 

The  exact  water  value  of  the  standard  water  solution  was  de¬ 
termined  by  titration  of  weighed  amounts  of  distilled  water  and 
was  checked  at  least  weekly. 

PROCEDURE 

Sufficient  material  to  contain  30  to  200  mg.  of  water  was 
weighed  into  each  dry  glass-stoppered  250-ml.  flask,  and  25  ml. 
of  dried  methanol  were  added  to  each  flask.  In  various  experi¬ 
ments  the  samples  were  either  allowed  to  stand  tightly  stoppered 
at  room  temperature  or  connected  by  means  of  ground  joints  to 
reflux  condensers  (protected  from  atmospheric  moisture  by 
Drierite)  and  maintained  in  a  glycerol  bath  at  60°  C.  for  the  re¬ 
quired  length  of  time.  Active  refluxing  of  the  alcohol  was 
avoided  because  of  occasional  loss  of  sample  and  alcohol  by 


comparison. 

Dried  whole  egg  powder  was  exceptional  in  its  behavior,  in  that 
the  moisture  was  liberated  very  rapidly  (Table  II).  One-half 
hour  of  soaking  in  methanol  at  22°  C.  yielded  nearly  the  maxi- 


Figure  1.  Fischer  Volumetric  Moisture  Values  of  Dehydrated 
Foods  as  a  Function  of  Time  of  Soaking  in  Methanol  at  60°  C. 
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Table  III.  Vacuum-Oven  and  Volumetric  Moisture  Values  for  Dry 

Foods 


( Vacuum-oven  values  after  indicated  time  at  70°  C.;  volumetric  values 
after  indicated  times  of  contact  at  60°  C.) 


Vacuum-Oven  Method 

Volumetric  Method 

Material 

16  hours  100  hours 

0.5  hour 

6  hours 

24  hours] 

% 

% 

% 

% 

% 

Potato  starch 

13.55 

13.58 

13.41 

13.46 

13.45 

13.60 

13.65 

13.43 

13.42 

13.51 

Wheat  starch 

10.15 

10.25 

10.21 

10.12 

10.26 

10.15 

10.32 

10.08 

10.22 

10.22 

Sucrose 

8.37 

8.37 

8.31 

8.30 

8.31 

8.37 

8.39 

8.21 

8.24 

8.28 

Glucose 

3.52 

3.58 

3.46 

3.44 

3.41 

3.55 

3.60 

3.45 

3.48 

3.51 

Fructose 

1.91 

2.20 

1.51 

1.54 

1.58 

1.92 

2.24 

1.52 

1.57 

1.58 

Pectin 

9.86 

10.03 

10.00 

10.08 

10.03 

9.86 

10.01 

10.02 

10.05 

10.09 

38  hours 

Carrots 

6.62° 

7.32 

7.26 

7.26 

7.30 

7.28 

7.33 

Beets 

3.06 

3.18 

3.29 

3.49 

3.08 

3.21 

3.42 

3.54 

Peas 

6.02 

6.32 

6.29 

6.58 

5.99 

6.04 

6.41 

6.48 

Orange  powder 

5.71 

5.71 

5.76 

5.81 

5.71 

5.60 

5.88 

5.87 

Sweet  potato 

5.41 

5.60 

6.21 

6.40 

5.39 

5.52 

6.19 

6.37 

White  potato 

6.84 

4.86 

6.90 

7.32 

6.85 

5.10 

6.81 

7.20 

Onion 

2.81 

2.70 

2.96 

3.28 

2.83 

2.68 

2.96 

3.29 

Cabbage 

3.62 

3.76 

4.16 

4.64 

3.64 

3.77 

4.18 

4.66 

Tomato  powder 

5.40a 

5.30 

5.76 

5.81 

a  Interpolated  from  Figure  2. 

5.35 

5.88 

5.87 

mum  amount  of  water  as  compared  with  values  obtained  after 
0.5,  2,  4,  and  6  hours  at  60°  C.  (Figure  1).  These  values  are  in 
agreement  with  those  obtained  by  the  official  A.O.A.C.  method 
(*). 

Apparent  moisture  values  were  obtained  for  the  other  materials  ’ 
after  contact  with  the  methanol  at  22°  and  60°  C.  The  values 
obtained  after  contact  with  the  methanol  at  22°  C.  were  from 
10  to  30%  lower  than  those  obtained  after  comparable  contact 
times  at  60°  C.  It  was  not  possible  to  obtain  constant  apparent 
moisture  values  in  a  practicable  working  time  at  22°  C.  Table 
III  and  Figure  1  show  the  relation  between  time  of  contact  at 
60°  C.  and  the  apparent  moisture  value. 

The  moisture  values  for  the  starches,  sugars,  and  pectin  were, 
for  practical  purposes,  constant  after  0.5  hour  of  contact  at  60°  C.j 
and  prolonged  contact  had  no  effect  on  the  apparent  moisture 
value.  These  values  were  in  agreement  with  those  obtained  by 
the  vacuum-oven  method.  Fructose  decomposed  to  some  ex¬ 
tent  in  the  vacuum  oven  at  70°  C.,  as  evidenced  by  darkening  of 
the  sample  and  continued  loss  of  weight  with  prolonged  drying. 
This  decomposition  appeared  to  occur  only  to  a  small  extent 
when  held  in  methanol  at  60°  C.  for  as  long  as  24  hours. 

Carrots,  beets,  peas,  and  orange  powder  yielded  apparent 
moisture  values  after  2  hours  of  soaking  in  methanol  at  60°  C. 
that  were  nearly  constant,  as  compared  with  values  obtained 
after  soaking  for  as  long  as  6  or  24  hours  in  methanol  at  60°  C. 
(Table  III  and  Figure  1). 

Sweet  potatoes  did  not  attain  a  limiting  value  until  after  4 
hours.  The  liberation  of  moisture  from  white  potatoes  proceeded 
even  more  slowly.  Onions,  cabbage,  and  tomato  powder  showed 
a  slow  rate  of  increase  in  apparent  moisture  content  as  the  time 
of  soaking  in  methanol  at  60°  C.  was  prolonged. 

The  effect  of  thermal  decomposition  (in  methanol  at  60°  C.) 
on  the  apparent  moisture  content  of  these  materials  is  difficult 


to  evaluate.  However,  a  consideration  of  the  physical  nature  of 
dehydrated  white  potatoes,  notably  case-hardening  and  gelation 
effects  (13),  would  lead  one  to  suspect  that  the  slowness  in  attain¬ 
ing  constancy  of  apparent  moisture  content  was  largely  due  to 
slow  diffusion  of  moisture  from  the  particles. 

On  the  other  hand,  the  physical  characteristics  of  onions,  cab¬ 
bage,  and  tomato  powder  did  not  appear  to  account  for  the  slow, 
almost  uniform  rate  of  increase  in  the  apparent  moisture  content 
of  these  materials.  Rather  it  seemed  more  likely  that  thermal 
decomposition  was  making  a  considerable  contribution  to  the 
increase  in  apparent  moisture  content  after  the  first  0.5  to  2 
hours  in  methanol  at  60°  C. 

The  moisture  contents  of  the  dried  foods  obtained  by  the 
Fischer  volumetric  method  were  compared  with  those  obtained 
by  the  vacuum-oven  method.  Figure  2  illustrates  the  relation 
between  percentage  loss  of  weight  and  time  of  heating  in  vacuum 
at  70°  C.  It  is  apparent  that  a  reasonably  flat  portion  of  the 
curve  is  attained  only  after  prolonged  drying.  This  continued 
loss  in  weight  was  due  in  part  to  actual  loss  of  water  from  the  in¬ 
terior  of  the  cellular  material  and  in  part  to  thermal  decomposi¬ 
tion.  It  was,  of  course,  impossible,  from  the  vacuum-oven  data 
alone,  to  determine  the  correct  moisture  value  (9,  11).  For  pur¬ 
poses  of  this  study,  however,  the  38-hour  value  was  arbitrarily 
taken.  A  comparison  of  moisture  values  obtained  in  the  70°  C. 
vacuum  oven  after  38  hours  and  the  volumetric  value  after  0.5, 
6,  and  24  hours  in  methanol  at  60°  C.  is  given  in  Table  III. 


Figure  2.  Loss  of  Weight  of  Dehydrated  Foods  as  a 
Function  of  Drying  Time 


Determination  of  added  water  was  tested  by  addition  of 
weighed  amounts  of  distilled  water  to  1.000-gram  samples  of 
dried  foods  suspended  in  methanol.  The  samples  were  held  at 
60°  C.  for  2  hours  and  the  water  was  determined  in  the  usual 
manner.  The  results  are  presented  in  Table  IV. 

Soaking  the  samples  in  pyridine  and  pyridine-methyl  alcohol 
mixtures  did  not  increase  the  rate  of  removal  of  water  from  the 
materials  and  was  not  done  in  these  studies. 

Allowing  the  samples  to  stand  in  the  presence  of  Fischer  reagent 
at  room  temperature  did  not  increase  the  rate  of  removal  of  water, 
and  at  60°  C.  side  reactions  gave  rise  to  erratic  and  inaccurate  re¬ 
sults.  Prolonged  contact  of  the  Fischer  reagent  with  the  sample 
should  be  avoided  because  of  two  possible  side  reactions— oxida- 
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Table  IV.  Determination  of  Water  Added  to  1 .000-Gram  Samples 
of  Dried  Foods  by  Volumetric  Method 


Water 

Per  Cent 

Originally 

Total  Water 

of  Total 

Present  in 

Water 

Calcu¬ 

Water 

Material 

Sample® 

Added 

lated 

Found 

Found 

Mg. 

Mg. 

Mg. 

Mg. 

Carrots 

71.3 

84.0 

155.3 

158.2 

101.8 

71.3 

130.9 

202.2 

201.0 

99.4 

Orange  powder 

53.9 

53.9 

80.3 

135.5 

134.2 

189.4 

131.5 

187.8 

97.9 

99.1 

Onions 

29.6 

70.4 

100.0 

98.4 

98.4 

29.6 

117.5 

147.1 

146.3 

99 . 5 

Eggs 

47.3 

76.9 

124.2 

125.0 

100.5 

47.3 

115.5 

162.8 

162.0 

99.6 

None 

86.6 

86.6 

86.4 

99.6 

(water  only) 

133.1 

133.1 

134.1 

100.8 

°  Average  of  replicate  analyses  by  this  method. 


tion  of  organic  matter  by  the  iodine  and  the  regeneration  of  iodine 
in  the  partly  spent  reagent  {4). 

EFFECT  OF  PARTICLE  SIZE 

The  volumetric  moisture  method,  in  common  with  most  other 
moisture  methods,  is  dependent  on  a  relatively  slow  rate  of  dif¬ 
fusion  of  water  from  the  solid  mass  to  the  surrounding  medium 
(atmosphere  or  solvent). 

Particle  size  is  known  to  be  a  very  important  factor  in  deter¬ 
mining  the  apparent  moisture  value  after  any  given  time  in  the 
vacuum  oven  ( 9 ).  Therefore,  it  seemed  desirable  to  determine 
the  effect  of  particle  size  on  the  rate  of  diffusion  of  water  from  the 
solid  material  suspended  in  methyl  alcohol. 

Samples  of  vegetables  that  had  been  stored  in  closed  contain¬ 
ers  for  at  least  1  month,  in  order  to  attain  a  uniform  distribution 
of  moisture  throughout  the  mass,  were  ground  in  a  food  chopper. 
A  portion  of  the  ground  material  as  received  from  the  food 
chopper  was  placed  in  a  closed  container  at  once  ;  the  remainder 
was  rapidly  separated  into  three  groups  of  different  average 
particle  size  by  passage  through  U.  S.  Standard  sieves  of  the  fine 
series.  Portions  of  each  group,  as  well  as  of  the  original  ground 
material,  were  reground  in  an  intermediate  Wiley  mill  fitted 
with  a  40-mesh  screen.  Apparent  moisture  values  were  then 
run  on  each  subsample. 

The  results  given  in  Table  V  show  that,  of  the  four  materials 
studied,  white  potato  was  the  only  one  in  which  particle  size  was 
an  important  factor  in  the  volumetric  method.  Makower  and 
Myers  ( 9 )  obtained  large  differences  in  apparent  moisture  content 
of  carrots  of  various  particle  sizes  by  the  vacuum-oven  method. 
The  data  of  Table  V  indicate  that  such  differences  are  not  ob¬ 
tained  when  the  volumetric  method  is  used  for  carrots. 

A  fairly  finely  divided  sample  is  necessary  to  facilitate  proper 
sampling  and  to  permit  rapid  moisture  determinations.  On  the 
other  hand,  the  sample  should  not  be  too  finely  divided,  since 
errors  would  be  introduced  by  heating  effects  on  grinding  and 
by  the  increased  hygroscopicity  of  the  sample. 

« 

INTERFERENCES 

Fischer  (5),  Kaufmann  and  Funk  (7),  Smith,  Bryant,  and 
Mitchell  {15),  and  McKinney  and  Hall  {8)  have  demonstrated 
that  ethylenic  bonds  do  not  interfere  in  this  determination. 

Aldehydic  and  ketonic  compounds  yield  high  values  by  virtue 
of  acetal  and  ketal  formation  in  the  methanol  ( 1 5) .  Reactive  car¬ 
bonyl  compounds  are  not  likely  to  be  present  in  dehydrated 
foods  in  sufficient  quantity  to  cause  serious  interference. 

A  sample  of  (-ascorbic  acid  yielded  an  apparent  moisture  value 
of  a  little  less  than  10%  when  the  vacuum-oven  value  was  only 
0.1%.  This  is  in  fair  agreement  with  the  calculated  iodine  con¬ 
sumption  by  reduced  (-ascorbic  acid.  However,  errors  from  this 
source  are  not  likely  to  be  serious — for  example,  few  vegetables 
contain  more  than  10  mg.  of  ascorbic  acid  per  gram  of  dry  mate¬ 
rial.  A  maximum  of  1.0  mg.  of  apparent  water  would  then  be 
present  in  the  1-gram  sample  (an  apparent  moisture  value  of 
0.1%). 


A  determination  of  naturally  occurring  iodine-reducing  sub¬ 
stances  was  carried  out  by  a  modification  of  the  method  de¬ 
scribed  by  Prater,  Johnson,  Pool,  and  Mackinney  {12).  This 
modified  method  avoids  interference  by  any  sulfur  dioxide  that 
might  be  present  in  the  material. 

Two-gram  samples  of  the  dehydrated  foods  were  soaked  in  25 
or  50  ml.  of  methanol  for  2  hours  at  60°  C.,  and  400  ml.  of  water 
were  added.  After  the  addition  of  40  ml.  of  acetone  and  sufficient 
sulfuric  acid  to  bring  the  pH  to  2  to  3,  the  samples  were  allowed  to 
stand  10  minutes.  The  suspensions  were  then  titrated  to  a 
starch  end  point  with  0.1  N  iodine  solution.  The  results  weie 
calculated  to  the  apparent  water  value  that  would  result  from  an 
equal  iodine  reduction  in  the  Fischer  reagent..  In  no  case  was 
the  iodine-reducing  value,  under  these  conditions,  sufficient  to 
account  for  more  than  0.03%  apparent  moisture. 

One  cannot,  logically,  make  a  correction  for  these  apparent 
water  values,  for  they  are  probably  more  apparent  than  real. 
Except  for  cases  where  the  ascorbic  acid  content  is  high,  the 
correction  would  be  minor. 

Inorganic  oxides  and  oxidizing-reducing  agents  interfere  in 
the  volumetric  method  {4).  However,  such  substances  are  not 
ordinarily  encountered  in  food  products  in  significant  amounts. 


Table  V.  Effect  of  Particle  Size  on  Apparent  Moisture  Value  of 
Dehydrated  Vegetables 

(Samples  held  in  methanol  at  60°  C.  for  6  hours  before  titrating) 

Apparent  Moisture 
Material 
Material  reground 


Material 

Particle-Size  Distribution 
(According  to  U.  S.  Standard 
Sieves,  Fine  Series)® 

as  de¬ 
scribed  in 
Column  2 

% 

to  pass 
40-mesh 
sieve 

% 

Potatoes  (white) 

As  received  from  food  chopper 
4-10  mesh 

10-18  mesh 

18-35  mesh 

4.97 

3.42 

4.85 

6.32 

6.74 

6.82 

6.86 

7.00 

Carrots 

As  received  from  food  chopper 
4-10  mesh 

10-18  mesh 

18-35  mesh 

7.05 

7.18 

7.05 

7.07 

7.20 

7.30 

7.17 

7.06 

Cabbage 

As  received  from  food  chopper 
4-10  mesh 

10-18  mesh 

18-35  mesh 

6.47 

6.48 
6.53 
6.61 

6.54 

6.53 

6.49 

6.60 

Onions 

As  received  from  food  chopper 
4-10  mesh 

10-18  mesh 

L8-35  mesh 

3.84 

3.75 

3.70 

3.72 

3.87 

3.71 

3.73 

3.77 

a  For  example,  passing  No.  4  but  retained  on  No.  10. 


APPLICABILITY  AND  RECOMMENDED  PROCEDURE 

The  volumetric  method  is  very  well  suited  to  the  rapid  and 
accurate  determination  of  moisture  in  starches,  sugars,  pectin, 
and  egg  powders.  Inspection  of  Tables  II  and  III  reveals  that 
0.5  hour’s  contact  with  methanol  at  60°  C.,  followed  by  cooling 
and  titration  as  described  above  under  Procedure,  yields  maxi¬ 
mum  and  constant  moisture  values  for  these  materials. 

The  volumetric  method  is  also  satisfactory  for  such  materials  as 
carrots,  beets,  peas,  and  orange  powder,  provided  the  results  are 
calibrated  against  those  obtained  by  some  acceptable  reference 
method.  However,  for  practical  purposes  no  method  is  known 
that  gives  a  true  moisture  value  for  such  materials.  Contact 
times  of  0.5  to  24  hours  with  methanol,  followed  by  cooling  and 
titration  as  described  above,  yield  fairly  constant  results  for  these 
materials,  although  in  general  these  apparent  moisture  values 
are  slightly  higher  than  those  obtained  by  the  vacuum-oven 
method  (38  hours  at  70°  C.). 

The  results  obtained  with  sweet  potatoes  indicate  that  slightly 
longer  contact  times  are  necessary  (4  to  6  hours)  before  constant 
results  are  obtained. 

The  considerable  variation  of  apparent  moisture  values  of 
white  potatoes,  onions,  cabbage,  and  tomato  powder  with  differ¬ 
ent  contact  times  probably  results  from  slow  diffusion  of  mois¬ 
ture  to  the  methanol  and  slow  thermal  decomposition.  It  may 
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be  possible,  however,  to  standardize  the  time  and  temperature  of 
contact,  so  that  results  agreeing  with  those  obtained  by  a  refer¬ 
ence  method  can  be  duplicated. 
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Determination  of  Water  in  Liquid  Petroleum  Fractions 

o,  t.  aepli1  and  w.  s.  w.  McCarter 

Porocel  Corporation,  260  South  Broad  St.,  Philadelphia,  Pa. 


Small  amounts  of  water  (0  to  60  p.p.m.)  in  unleaded  gasoline, 
naphtha,  and  electrical  insulating  oils  can  be  determined  by  the  Karl 
Fischer  reagent  through  the  use  of  a  specially  designed  apparatus 
which  effects  the  total  exclusion  of  atmospheric  moisture  during  the 
sampling  and  titration. 

RECENT  work  (/)  on  the  desiccant  properties  of  Driocel 
(activated  bauxite)  required  the  accurate  determination  of 
very  small  amounts  of  water  in  liquid  hydrocarbons.  Prelimi¬ 
nary  investigation  of  the  available  methods  indicated  that  the 
Karl  Fischer  reaction  could  be  most  satisfactorily  adapted  to  the 
needs.  This  reagent  (2,  5)  is  quantitatively  specific  for  water 
and  its  use  for  the  determination  of  water  in  alcohols,  carboxylic 
acids,  saturated,  ethylenic,  and  aromatic  hydrocarbons  (5),  and 
petroleum  fractions  (I)  has  been  reported.  Early  in  the  au¬ 
thors  study  it  became  evident  that  for  the  small  amounts  of 
water  involved  in  their  work  (0  to  60  parts  per  million)  repro¬ 
ducibility  could  be  obtained  only  through  the  use  of  a  sampling 
and  analytical  technique  which  would  effect  the  complete  exclu¬ 
sion  of  atmospheric  moisture.  Publication  of  the  apparatus  and 
method  used  in  this  laboratory  is  prompted  by  the  increasing 
significance  of  moisture  content  in  many  processes  of  the  chemi¬ 
cal  and  petroleum  industries. 

REAGENTS 

Directions  for  the  preparation  of  the  Karl  Fischer  reagent 
appear  in  the  literature  ( 2 ,  5) .  Since  the  concentration  of  the  re¬ 
agent  generally  decreases  rapidly  over  several  days  immediately 
following  its  preparation  (Figure  1),  it  is  advisable  to  make  the 
solution  at  least  24  hours  prior  to  use  and  to  standardize  it  fre¬ 
quently  thereafter  until  the  concentration  has  become  stable. 
The  need  for  frequent  standardization  of  the  reagent  is  further 
emphasized  by  the  three  curves  which  show  that  the  rate  of  de¬ 
crease  in  concentration  is  not  predictable.  The  reagent  was 
standardized  against  a  solution  of  water  in  methanol  containing 
1  mg.  of  water  per  milliliter. 

APPARATUS 

The  sampling  bulb  shown  in  Figure  2  was  designed  to  secure 
1 50-ml.  portions  of  the  liquid  to  be  analyzed,  either  from  stream 
or  from  bulk,  without  exposure  to  the  atmosphere.  Stream  sam¬ 
ples,  as  from  a  drying  tower,  may  be  secured  by  attaching  the 
bulb  to  the  effluent  tube  of  the  tower  by  means  of  the  ground- 
glass  connection,  fx.  With  h3  closed,  stopcocks  hi  and  h2  are 
opened  to  allow  the  bulb  to  fill.  Samples  from  bulk  may  be  ob¬ 
tained  by  attaching  at  ft  an  extension  tube  long  enough  to  dip 
well  into  the  body  of  liquid.  With  hi  closed,  ht  and  h3  are  opened 
and  the  bulb  is  filled  by  applying  slight  vacuum  at  ht.  Before 

1  Present  address,  Pennsylvania  Salt  Manufacturing  Co.,  Philadelphia,  Pa. 


taking  a  sample  for  analysis,  the  dried  bulb  should  be  rinsed  with 
the  liquid  to  adjust  the  adsorbed  water  concentration  on  the 
walls  of  the  vessel. 

Titrations  were  carried  out  in  the  totally  enclosed  apparatus 
shown  in  Figure  2.  A  motor-driven  glass  stirrer,  a,  enters  the  500- 
ml.  flask  through  a  mercury  seal,  b,  attached  by  means  of  a  34/45 
ST  ground-glass  joint.  The  flask  is  provided  with  three  side 
necks:  c,  a  10/30  ST  joint  through  which  enters  the  tip  of  a  50- 
ml.  Schilling  buret  for  standard  water-in-methanol  solution; 
d,  a  14/35  ST  joint  to  hold  a  platinum  electrode  assembly; 
and  e,  a  10/30  ST  joint  to  accommodate  in  turn  joint  ft  of  the 
sample  bulb,  the  tip  of  a  10-ml.  Schilling  buret  (not  shown)  for 
Karl  Fischer  reagent,  and  a  desiccant  tube,  g. 

The  “dead  stop”  end-point  method  ( 3 ,  6)  was  adopted  in 
preference  to  the  more  difficultly  detectable  and  less  precise 
visual  end  point.  The  electrodes  and  wiring  diagram  required 
by  this  method  are  shown  in  Figure  2.  By  means  of  a  battery 
and  variable  resistance  an  e.m.f.  of  0.5  to  1.0  millivolt  is  imposed 
across  the  platinum  electrodes  which  dip  into  the  Karl  Fischer 
reagent.  The  lower  e.m.f.  requirement  as  compared  to  Werni- 
mont’s  value  is  probably  related  to  the  immiscibility  of  the  re¬ 
agent  in  petroleum  fractions.  When  the  end  point  is  reached 
one  of  the  electrodes  becomes  polarized  and  current  ceases  to 
flow.  This  condition  is  indicated  by  the  gradual  return  of  the 
galvanometer  spot  to  the  zero  position.  A  Leeds  &  Northrup 
enclosed  lamp  and  scale  galvanometer,  catalog  No.  2420-B 
(sensitivity,  25  microvolts  per  millimeter;  period,  3  seconds; 
coil  resistance,  23  ohms),  is  a  suitable  instrument. 

METHOD 

For  gasoline  and  naphthas,  which  are  normally  lighter  than 
Karl  Fischer  reagent,  the  electrodes  extend  to  the  bottom  of  the 
flask.  With  heavier  immiscible  liquids,  such  as  electrical  insu¬ 
lating  oils,  the  electrodes  are  constructed  to  contact  the  upper 


Figure  1.  Decomposition  of  Representative  Solutions  of 
Karl  Fischer  Reagent 


317 


May,  1945 


ANALYTICAL  EDITION 


Figure  2.  Titration  Flask,  Sampling  Bulb,  and  Electrode  Assembly 


cocks  hx  and  h3  the  sample  is  drained  into  the 
titration  flask.  The  sample  holder  is  then  quickly 
replaced  by  the  buret  for  Karl  Fischer  reagent, 
and  from  7  to  9  ml.  of  reagent  are  added  to  the 
flask.  As  this  buret  is  removed  the  drying  tube 
is  quickly  slipped  into  place  at  e.  The  emptied 
sample  holder  is  reweighed  to  determine  the 
amount  of  liquid  transferred  to  the  flask.  The 
addition  of  5  to  6  ml.  of  standard  water-in¬ 
methanol  solution  at  c  helps  to  prevent  adherence 
of  the  reagent  to  the  walls  of  the  flask  after 
subsequent  agitation.  After  mechanical  stirring 
the  excess  Karl  Fischer  reagent  is  titrated  with 
standard  water-in-methanol  solution.  In  this 
back-titration  each  addition  of  water-in-methanol 
solution  is  followed  by  a  brief  period  of  stirring, 
after  which  the  mixture  is  allowed  to  separate  in¬ 
to  layers.  At  the  completion  of  the  titration  the 
sample  is  drawn  off  at  j  and  the  titration  flask, 
without  further  preparation,  is  ready  for  the  next 
analysis. 

The  effect  of  time  of  stirring  following  the  addi¬ 
tion  of  the  Karl  Fischer  reagent  to  the  hydrocar¬ 
bon  is  shown  in  Table  II.  It  appears  that  15 
minutes  is  adequate  to  bring  about  substantially 
complete  reaction. 


Table  1.  Standardization  of  Karl  Fischer  Reagent 

(Mg.  of  HjO  —  1.00  ml.  of  KF  reagent) 

Solution 

First 

Second 

Third 

No. 

Titration 

Titration 

Titration 

1 

5.00 

5.43 

5.44 

2 

3.21 

3.77 

3.77 

3 

2.71 

3.59 

3.60 

4 

2.38 

2.61 

2.61 

5 

2.19 

2.54 

2.54 

6 

1.14 

1.81 

1.80 

Table  II.  Effect  of  Stirring  Time 

(Parts  per  million  of  water) 

Stirring 

Time, 

Unleaded  Gasoline 

Insulating  Oil 

Min. 

1  2 

Naphtha 

1  2 

0 

26.2  27.8 

20.3 

15 

34.9  34.3 

16.2 

20.6  20.8 

30 

37.2 

60 

36.5 

16.8 

20.9  20.9 

120 

36.2 

*  * 

Table  III.  Reprod 

ucibility  of  Method 

(Parts  per  million  of  water) 

Unleaded  Gasoline  Naphtha 

Insulating  Oil 

i  • 

2  1 

2 

1  2 

1.82 

1.08  0.53 

0.40 

5.2  5.6 

19.9 

18.6  9.1 

8.5 

8.0  7.4 

26.2 

27.8  26.2 

25.0 

9.0  9.7 

34.9 

34.3  35.2 

34.0 

28.2  27.3 

63.5 

62.4  61.2 

61.5 

31.1  30.2 

liquid  layer.  In  the  latter  case,  for  obvious  reasons,  approxi¬ 
mately  the  same  volume  of  liquid  hydrocarbon  should  always  be 
taken  for  analysis. 

For  standardization,  6  to  7  ml.  of  the  Karl  Fischer  reagent  are 
drained  from  the  buret  into  the  titration  flask  at  e.  The  buret 
is  removed  and  immediately  replaced  by  the  drying  tube,  g,  be¬ 
fore  titrating  with  the  standard  water-in-methanol  solution. 

As  shown  in  Table  I,  the  first  titration  of  the  day  gives  a  lower 
value  than  subsequent  titrations.  The  agreement  between  the 
second  and  third  titers  indicates  that  adequate  protection  is 
afforded  by  the  apparatus. 

Following  the  standardization,  the  reaction  mixture  is  drained 
from  the  flask  through  the  capillary  stopcock,  j,  with  the  drying 
tube  still  in  place  at  e.  The  apparatus  is  then  ready  for  actual 
analysis. 

A  sample  to  be  analyzed  for  water  is  collected  in  the  sample 
bulb  and  weighed.  Drying  tube  g  is  removed  from  the  titration 
flask  at  e  and  quickly  replaced  by  the  sample  bulb.  The  drying 
tube  is  then  attached  to  the  sample  bulb  at/i.  By  opening  stop- 


REPRODUCIBILITy 

The  results  of  duplicate  determinations  of  the  water  content 
of  unleaded  gasoline,  naphtha,  and  insulating  oil  samples  are 
given  in  Table  III.  The  time  of  stirring  in  each  determination 
was  15  minutes. 

The  agreement  between  the  two  determinations  on  each 
sample  is  within  2  p.p.m.  and  in  some  cases,  especially  in  the 
lower  concentrations  of  water,  the  deviation  is  within  1  p.p.m. 


ACCURACY 


Because  of  the  difficulties  and  uncertainties  involved  in  prepar¬ 
ing  water-in-hydrocarbon  solutions  of  known  concentration  in 
the  range  under  consideration,  an  evaluation  of  the  “absolute” 
accuracy  of  the  method  would  be  questionable.  As  an  alterna¬ 
tive,  the  accuracy  was  estimated  by  an  indirect  method  with 
solutions  prepared  through  the  medium  of  a  third  component. 
These  solutions  were  prepared  by  mixing  small  weighed  quanti¬ 
ties  of  a  water-in-pyridine  solution  of  known  concentration 
(determined  by  titration)  with  weighed  quantities  of  exhaus¬ 
tively  dried  naphtha.  The  results  show  no  interference  by  the 
hydrocarbon : 


Parts  per  million  of  water 
Present  Found  (Av.) 


9.3 

20.8 

30.7 

33.6 

60.7 
104.9 


8.8 

20.5 

30.2 

33.3 

60.4 
104.4 


The  method  is  not  applicable  to  gasoline  containing  tetraethyl¬ 
lead.  A  sample  of  gasoline  known  to  have  a  water  content  of 
19.3  p.p.m.  showed  an  apparent  water  content  of  243  to  247 
p.p.m.  after  the  addition  of  4  ml.  of  Ethyl  Fluid  per  gallon.  Ob¬ 
viously  the  reagent  is  consumed  by  the  Ethyl  Fluid,  giving 
erroneously  high  values. 
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A  Fast  Grating  Spectrograph’ 

Accessories  and  Techniques  for  Studying  the  Raman  Effect 

ROBERT  F.  STAMM,  American  Cyanamid  Company,  Stamford  Research  Laboratories,  Stamford,  Conn. 


This  paper  outlines  the  design  and  construction  of  a  fast,  high- 
resolution,  moderate-dispersion  grating  spectrograph  suitable  for 
use  in  an  industrial  laboratory.  The  experimental  techniques  found 
satisfactory  for  the  obtaining  of  Raman  spectra  in  a  routine  manner 
are  described  along  with  the  special  appurtenances  necessary  for 
such  work.  Many  structural  problems  which  are  soluble  by  the 
special  methods  of  Raman  spectroscopy  arise  in  the  chemical  in¬ 
dustry.  For  those  not  acquainted  with  the  method,  an  elementary 
discussion  on  the  elucidation  of  molecular  structure  has  been  in¬ 
cluded.  This  has  necessitated  the  inclusion  of  a  short  description 
of  an  experimental  method  used  in  obtaining  depolarization  values 
of  Raman  lines.  Finally,  the  subjects  of  qualitative  and  quantitative 
analysis  by  Raman  effect  are  discussed  and  practical  examples  are 
given  to  show  results  obtainable. 


SINCE  its  discovery  in  1928,  the  phenomenon  known  as  the 
Raman  effect  has  proved  of  prime  importance  as  a  method 
for  the  elucidation  of  molecular  structures  and  for  locating  vari¬ 
ous  functional  groups  or  chemical  bonds  in  molecules.  Since 
the  Raman  spectrum  of  a  solution  of  several  components  is  a 
superposition  of  the  spectra  of  the  individuals  comprising  the 
solution,  the  method  is  useful  for  qualitative  analyses.  The 
intensities  of  the  Raman  lines  of  each  substance  in  a  solution  are 
indicative  of  the  amount  of  that  substance  present  in  the  solution 
giving  rise  to  the  spectrum.  This  extends  the  use  of  the  method 
to  quantitative  molecular  analysis  and  has,  along  with  the  other 
capabilities,  made  the  method  potentially  popular  in  industrial 
laboratories. 


This  popularity,  however,  has  been  hindered  by  a  dearth  of 
T'  ery  fast,  moderate-dispersion  spectrographs  on  the  market. 
Presented  here  are  the  results  of  the  author’s  efforts  to  counteract 
this  situation  by  buying  high-quality  optical  parts  and  building 
his.  on  n  instrument.  The  essential  appurtenances  are  also  de¬ 
scribed,  since  they  too  are  vital. 

In  obtaining  a  Raman  spectrum,  monochromatic  light  origi¬ 
nates  in  a  suitable  source,  passes  (usually)  through  filters  into  the 
sample  in  a  suitable  container,  and  is  scattered  by  the  substance, 
the  scattered  light  being  then  dispersed  by  a  spectrograph  and 
the  spectrum  recorded.  The  frequency  shifts  of  the  Raman 
lines  are  then  determined,  and  they  are  the  Raman  active  vibra¬ 
tional  frequencies  of  the  molecule  scattering  the  light.  The 
essential  parts  are  discussed  in  the  above  order. 


Light  Source  for  Excitation 

The  intensity  of  the  scattered  light  is  proportional  to  the  fourth 
power  of  the  frequency  of  the  exciting  line.  Thus  it  is  advan¬ 
tageous  to  use  as  high  a  frequency  line  as  possible.  Table  I  gives 
the  wave  lengths  of  the  lines  in  the  mercury  arc  that  have  been 
used  the  most  for  the  excitation  of  Raman  spectra.  The  fourth 
to  seventh  columns  of  the  table  are  devoted  to  a  comparison  of 
the  efficacies  of  the  various  lines  in  exciting  Raman  spectra. 
These  figures  are  only  approximate  because  the  lines  are  not 
equally  intense. 

The  frequency  of  the  exciting  line  must  have  less  energy  than 
the  minimum  energy  required  to  put  the  molecule  being  irradi¬ 
ated  into  the  lowest  lying,  observable,  excited  electronic  state; 
otherwise,  absorption  followed  by  fluorescence  or  photodecom- 

1  Other  papers  presented  at  the  New  York  Meeting,  sponsored  by  the 
North  Jersey  Section,  in  the  Symposium  on  Spectrochemical  Methods  of 
Analysis,  were  printed  in  the  February  issue,  pages  65  to  88. 


position  (or  both)  and  no  Raman  spectrum  will  be  the  result. 
Because  of  the  nature  of  the  molecules  studied  in  these  labora¬ 
tories,  4358  has  been  chosen  as  best  for  general  use.  For  excita¬ 
tion  of  colored  substances  absorbing  4358  but  whose  absorption 
ends  on  the  low  X  side  of  5461,  the  latter  is  used. 

The  arcs  used  should  be  of  reasonably  high  intensity  and  yet 
operate  at  a  pressure  low  enough  to  produce  a  narrow  exciting 
line  (thereby  enhancing  the  possibility  of  resolving  close  lying 
Raman  lines).  In  all  mercury  arcs,  there  is  a  broad  continuum 
caused  by  the  fluorescence  of  mercury  excited  by  2537  A.  This 
continuum  is  strong  in  the  region  occupied  by  Raman  spectra 
excited  by  4358  A.,  and  its  intensity  increases  with  pressure. 
A  double-jacketed  mercury  are  will  operate  with  rather  constant 
intensity ,  but  the  pressure  will  be  considerably  higher  than  that 
existing  in  a  single-jacketed  arc  containing  a  limited  amount  of 
mercury  to  control  the  pressure.  Thus  the  single-jacketed  arc 
will  usually  possess  sharper  lines  and  have  a  more  favorable  (line 
intensity ) / (continuum  intensity)  ratio  than  a  double-jacketed 
arc.  On  the  other  hand,  the  former  is  much  more  susceptible 
to  intensity  alterations  caused  by  variation  in  the  ambient  tem¬ 
perature.  The  single-jacketed  source  should  be  used  in  a  con¬ 
stant-temperature  room  if  it  is  necessary  to  maintain  constant 
intensity. 

The  light  source  used  consists  of  twelve  single-jacketed  Gen- 
eral  Electric  Type  AH-2  (250-watt)  mercury  arcs,  each  provided 
with  an  individual  auto  transformer  (G.  E.  Catalog  No.  58G42 
115  volts  primary,  150  volts  secondary,  300  watts,  60  c.p.s.).  These 
transformers  are  divided  into  two  banks  of  six,  each  bank  be- 
/r?  furnished  constant  voltage  by  one  of  two  Sola  stabilizers 
ifnnn  °?  ^061,  primary  volts  95-125,  secondary  volts  115, 

-000  volts  X  ampere.  These  stabilizers  are  not  necessary  for 
doing  only  photographic  work.). 

With  these  arcs  running  hot  (a  single  fan  blows  downward  on 
them)  the  4358  line  is  relatively  sharp.  (The  resolution  obtain¬ 
able  is  discussed  below.)  Their  useful  lifetime  will  be  approxi¬ 
mately  9  months  operating  8  hours  a  day  for  a  6-day  week  (1700 
hours) .  _  The  arc  assembly  is  surrounded  by  a  cylindrical  reflector 
of  aluminized  glass,  cut  from  a  5-gallon  carboy  (two  such  cylinders 
are  kept  on  hand). 

The  writer  learned  this  simple  method  of  cracking  large  glass  cyl¬ 
inders  from  L.  Pinney  at  Iowa  State  College.  The  method  does  not 
seem  to  be  very  well  known  and  is  worthy  of  description.  Paper 
toweling  is  cut  and  folded  to  form  double-thickness  strips.  The 
folded  edge  should  be  nearly  straight.  The  tubing  should  be  nicked 
with  a  deep  file  mark  about  0.3  to  0.6  cm.  (0.125  to  0.25  inch)  long 
perpendicular  to  an  element.  The  wet  toweling  strips  are  then 
wrapped  in  two  bands  around  the  body  of  the  cylinder  with  the 
folded  edges  facing  one  another.  The  scratch  is  in  between  them. 
The  total  separation  of  the  strips  should  be  ca.  1  cm.  for  small  tubing, 

2  cm.  for  large  tubing.  An  air-gas  blast  lamp  is  made  to  produce  a 
moderately  hot  flame  about  2.5  cm.  (1  inch)  long.  The  cylinder  is  then 
rotated  for  8  to  12  revolutions  with  the  flame  directed  at  the  area  in 
between  the  strips;  then  it  is  removed  from  the  flame.  If  it  is  soft 
glass,  it  will  crack  of  its  own  accord;  if  Pyrex,  a  drop  of  water  on  the 


Table  I.  Relative  Power  of  Mercury  Lines  in  Light  Scattering 


X  (Air), 

A. 

Color 

2537 

Ultraviolet 

4047 

Violet 

4078 

Violet 

4358 

Indigo 

5461 

Green 

5770 

Yellow 

5791 

Yellow 

v  (Vacuum),  v*/v* 
Cm.-i  5791 

39,412  27.2 

24,705  4.2 

24,516  4.1 

22,938  3.1 

18,308  1.3 

17,328 

17,265  1 


»*/*< 

pt/„t 

k4/v* 

5461 

4358 

4047 

21.6 

8.7 

6.4 

3.3 

1.4 

1 

3.2 

1.3 

2.5 

1 
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scratch  will  produce  a  clean  break.  Cylinders  may  be  cracked  along 
an  element  by  the  same  method  provided  strips  are  put  on  both  the 
outside  and  inside  surfaces. 

It  is  necessary  to  realuminize  the  surface  about  every  2  months 
because  of  dust  and  fumes.  These  are  much  better  reflectors 
than  polished  aluminum  or  chromium,  and  are  therefore  worth 
the  extra  trouble.  The  excitation  unit  is  shown  diagrammati- 
cally  in  Figure  1. 

Filters  and  Sample  Tubes 

Filters  are  usually  interposed  between  the  source  and  the 
sample  in  order  to  remove  high  energy  light  which  might  cause 
fluorescence  of  photodecomposition,  isolate  a  single  exciting  line, 
and  remove  the  continuous  spectrum  in  the  region  occupied  by 
the  Raman  lines.  Three  filters  are  usually  necessary  for  4358 
and  5461  excitation.  , 

There  is  a  paucity  of  transmission  data  on  these  filters  in  the 
literature,  even  though  a  number  of  people  have  used  them. 
The  writer  feels  that  these  data  will  be  of  service  to  a  number 
of  people  who  work  with  Raman  spectra. 

For  4358  excitation  a  saturated  solution  of  sodium  nitrite  is 
used  to  remove  ultraviolet  and  violet  light;  praseodymium 
chloride  is  used  to  remove  the  continuum  to  the  high  X  side  out 
to  4850  A.;  Rhodamine  5GDN  Extra  is  used  to  clean  up  the 
blue-green  and  green  regions.  The  nitrite  and  dye  are  circu¬ 
lated  through  the  filter  jacket  by  means  of  midget  centrifugal 
pumps  (from  Eastern  Engineering  Co.,  New  Haven,  Conn.  Stain¬ 
less  steel  type).  The  nitrite  passes  through  a  water-cooled  con¬ 
denser.  The  praseodymium  is  stagnant.  The  transmission 
curves  for  these  filters  are  given  in  Figures  2  and  3. 

Praseodymium  is  purchased  from  the  Maywood  Chemical 
Co.,  Maywood,  N.  J.,  as  the  oxalate,  Pr2(C2O4)3-10H2O,  and 
contains  a  small  amount  of  neodymium  and  10  to  15%  lan¬ 
thanum.  The  lanthanum  is  easily  removed  by  conversion  to  the 
chloride  (via  the  oxide)  followed  by  precipitation  of  the  oxalate 
from  a  strongly  acid  solution.  The  praseodymium  oxalate  is  in¬ 
soluble,  the  lanthanum  oxalate  soluble.  Three  such  treatments 
will  lower  the  lanthanum  concentration  to  the  point  where  it  is 
not  objectionable. 

Rhodamine  is  obtained  from  E.  I.  du  Pont  de  Nemours  &  Co. 
This  material  is  used  in  water  solution  and  is  protected  from 
the  direct  light  of  the  arcs  by  the  sodium  nitrite.  It  fluoresces 
less  strongly  in  water  than  in  alcohol. 

The  concentration  of  the  praseodymium  chloride  is  not  given 
because  the  purity  is  not  known.  It  is  approximately  an  80% 
solution  of  PrCl3.7H20. 

When  working  with  solutions  containing  colloidal  material 
which  cannot  be  removed,  very  dilute  solutions,  or  crystal 
powders,  it  is  desirable  (and  sometimes  absolutely  essential)  to 
keep  4358  from  getting  into  the  spectrograph.  For  this  purpose, 


a  solution  of  potassium  ferricyanide  in  a  1-cm.  layer  in  front  of  the 
slit  is  useful.  (Mercury  atoms  in  the  6 p,  3P i  state  would  per¬ 
form  this  function  very  nicely.  The  writer  has  assembled  the 
parts  for  such  a  filter  but  has  not  had  the  opportunity  of  trying 
it.)  The  ferricyanide  is  better  for  this  purpose  than  any  other 
filter  supposed  to  perform  the  same  task. 

For  5461  excitation  an  outer  layer  of  sodium  chromate,  1  cm. 
thick,  pH  8.7,  is  used.  This  is  circulated  and  cooled;  next  comes 
a  5-mm.  layer  of  2  molar  cupric  nitrate  (stagnant),  and  finally  a 
5-mm.  layer  of  saturated  neodymium  chloride  (stagnant).  This 


Figure  2.  Transmission  Curves 

1.  NaNO?,  600  grams  per  liter,  1  cm. 

2.  Rhodamine  5  GDN  Extra,  0.075  gram  per  liter  (aq.),  5  nrm. 

3.  1  plus  2,  61.5%  4358 

4.  K3Fe(CN)e,  0.001  molar,  1  cm.,  22%  4358 

5.  KsFetCNK  0.003  molar,  1  cm.,  1  %  4358 
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1.  Saturated  PrCh,  5  mm.,  19,7%  4358 

2.  1  plus  NaNOz,  600  grams  per  liter,  1  cm.,  17.2%  4358 

3.  2  plus  Rhodamine  5  GDN  Extra,  0.075  gram  per  liter,  5  mm.,  1 2%  4358 


length  of  the  lens  as  well  as  do  and  d,  (the  object  and  image 
distances  relative  to  the  lens)  are  given  in  Figure  1.  This  ar¬ 
rangement  serves  to  fill  the  grating  with  fight  from  the  collimator. 

Figure  6  shows  the  excitation  unit  (minus  the  reflector),  filter 
jacket,  the  horn  of  a  sample  tube,  the  condensing  lens,  and  other 
items  mentioned  below. 

The  Spectrograph 

The  prototype  of  this  instrument  is  one  at  the  Johns  Hopkins 
University  which  has  been  only  briefly  mentioned  in  the  litera¬ 
ture  (4). 

The  present  instrument  has  as  its  essential  parts  a  Gaertner 
bilateral  slit,  an  off-axis  paraboloidal  collimating  mirror,  a  plane 
echelette  grating,  and  a  fast  objective  lens. 

The  slit  is  18  mm.  high  and  is  adjustable  to  within  0.0025  mm. 
(graduated  in  0.01  mm.).  The  slit  is  capable  of  motion  parallel 
to  the  optic  axis  and  of  rotation  about  the  optic  axis.  Proceed¬ 
ing  on  past  the  slit  are  found  a  shutter  and  then  a  45°  mirror 
(aluminized). 

The  collimating  mirror  (made  by  W.  H.  Perry,  Towson,  Md.) 
is  6  inches  in  diameter  and  1  meter  in  focal  length.  It  was  made 
6°  off  axis  and  is  so  used.  The  mirror  is  capable  of  motion  to¬ 
wards  and  away  from  the  grating  as  well  as  tilt  about  a  horizontal 
axis.  The  surface  is  aluminized. 

The  grating  was  ruled  by  W.  H.  Perry  under  the  supervision 
of  R.  W.  Wood  at  Johns  Hopkins.  It  is  a  1-inch  thick  Pyrex 
disk,  8  inches  in  diameter,  which  has  had  one  face  ground  and 
polished  flat,  then  aluminized  and  ruled.  The  ruled  area  is 
ca.  6.25  X  4.25  inches  with  15,000  fines  per  inch  and  a  total  of 
ca.  90,000  fines.  It  is  an  echelette-type  grating  and  concen¬ 
trates  the  diffracted  fight  in  the  blue  and  blue  green  region  of  the 
spectrum  in  one  of  the  first  orders.  The  grating  is  capable  of  ro¬ 
tation  about  a  vertical  axis  which  lies  in  the  plane  of  the  face  and 
of  tilt  about  a  horizontal  axis.  For  convenience  in  getting  the 
lines  of  the  grating  parallel  to  the  slit,  the  grating  should  also  be 
capable  of  rotation  about  an  axis  normal  to  the  face.  Lacking 
this  adjustment,  satisfactory  results  were  obtained  by  trial  and 
error.  First  the  slit  was  fixed  at  the  principal  focus  of  the  colli¬ 
mator  by  using  a  plane  mirror  in  front  of  the  grating,  thus  send- 


does  not  clean  up  the  entire  5461  Raman  region,  but  is  fairly 
satisfactory.  The  transmission  curves  for  these  filters  are  shown 
in  Figure  4.  If  the  chromate  is  more  acid  than  pH  8.7,  the  ab¬ 
sorption  curve  is  not  nearly  so  sharp. 

In  Figure  2,  curve  3  was  obtained  by  multiplying  ordinates. 
In  Figure  3,  curves  2  and  3  were  obtained  in  the  same  way,  as 
was  curve  5  in  Figure  4.  All  the  others  were  observed  as  they 
appear.  These  transmission  curves  were  obtained  on  a  G.E. 
(Hardy)  spectrophotometer  with  spectral  slit  widths  of  10  m/i. 
No  originality  is  claimed  for  any  of  these  filters  save  the  ferri- 
cyanide  and  the  filter  mentioned  above.  (Literature  references 
to  the  original  users  of  certain  of  these  filters  are  to  be  found,  2.) 

The  sample  tubes  (obtained  from  The  American  Instrument 
Co.,  Silver  Spring,  Md.)  used  are  of  two  sizes,  23  cc.  (15  mm. 
in  outside  diameter)  and  2.5  cc.  (6  mm.  in  outside  diameter). 
These  are  provided  with  fused-on  Pyrex  windows  which  are  flat, 
polished,  and  strain-free.  The  open  ends  are  provided  with  f 
ground  stoppers,  so  that  the  Raman  tubes  may  be  easily  con¬ 
nected  to  a  vacuum  system  for  filling  if  necessary.  A  “cold 
finger”  with  the  same  taper  is  used  whenever  highly  volatile 
liquids  are  used.  (It  is  time-consuming  to  seal  the  Raman  tube 
each  time  in  routing  work.)  The  horn  is  painted  flat  black  and 
then  wrapped  with  aluminum  foil  to  decrease  absorption  of  fight. 
(The  horn  is  exposed  to  the  direct  fight  from  the  arcs.) 

Figure  5  shows  the  filter  jacket,  sample  tube,  and  method  of 
supporting  the  latter.  The  filter  jacket  is  of  all-glass  construction 
and  was  finally  evolved  after  the  constant  irritation  concomitant 
with  using  gaskets  and  cements  with  concentric  cylinders.  The 
jacket  is  cemented  to  the  end  plates  with  a  mixture  of  shredded 
asbestos  and  Glyptal.  The  edge  of  the  window  of  the  Raman 
tube  rests  in  a  cone.  This  cone  and  the  two  V-shaped  fingers  at 
the  top  serve  to  center  the  tube  in  the  jacket  and  to  eliminate  re¬ 
alignment  between  changes  of  tubes.  Cones  of  different  aperture 
are  used  for  different  sized  tubes.  In  changing  from  a  large 
tube  to  a  small  tube,  the  bigger  cone  is  lifted  out  of  the  well 
by  means  of  a  T-shaped  wire,  the  smaller  cone  put  in  its  place, 
and  the  iris  diaphragm  stopped  down  accordingly.  The  cones 
have  polished  windows  on  their  lower  ends  to  prevent  dust  from 
falling  down  onto  the  right-angle  prism.  Wherever  feasible, 
the  glass  surfaces  should  be  made  nonreflecting.  This  has  not 
been  done  but  would  conserve  fight. 

A  lens  especially  chosen  for  the  job  is  used  to  focus  the  center 
of  the  illuminated  portion  of  the  tube  onto  the  slit.  The  focal 


Figure  4.  Transmission  Curves 


1.  Saturated  NdCIs,  5  mm. 

2.  Saturated  Na2CrO«,  pH  8.7, 

1  cm. 


3.  2  molar  CuCNOsh,  5  mm. 

4.  1  plus  2,  80%  5461 

5.  1  plus  2  plus  3,  50.5%  5461 
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ing  parallel  light  back  to  the  collimator  and  focusing  the  image  of 
the  slit  in  the  plane  of  the  slit  when  the  slit  to  collimator  distance 
was  correct.  Next  the  slit  was  set  in  a,  vertical  direction  by  the 
use  of  a  plumb  line  and  a  telescope.  Finally  a  short  focal  length 
lens  was  used  to  throw  an  enlarged  image  of  the  green  mercury 
line  issuing  from  the  camera  onto  a  suitable  screen  in  juxtaposi¬ 
tion  with  a  plumb  line.  The  grating  was  then  rotated  about  a 
horizontal  axis  normal  to  its  face  until  the  image  was  vertical. 

The  objective  is  a  high  quality  Petzval  type  lens,  designed  espe¬ 
cially  for  this  instrument,  and  obtained  from  the  Perkin-Elmer  Cor¬ 
poration,  Glenbrook,  Conn.  It  has  a  focal  length  of  18  inches 
(F:3.6),  produces  a  flat  focus  normal  to  the  beam  from  4300  to 
5200  A.,  and  does  not  impair  the  linear  dispersion  of  the  grating. 

The  dispersion-1  is  36.97  A.  per  mm.  0 

Raman  spectra  excited  by  4358  extend  toe  ca.  5200  A.  The 
middle  of  the  4358  Raman  region  is  ca.  X  4780  A.  For  this  reason, 
the  angle  between  the  incident  beam  and  the  optic  axis  of  the 
lens  has  been  fixed  at  ca.  16.5°,  so  that  X  4780  has  a  diffraction 
angle  of  0°.  Thus  X  4780  falls  on  the  middle  of  the  plate  and 
passes  parallel  to  the  optic  axis  of  the  lens.  The  dispersion  is 
therefore  a  minimum  and  linear  in  the  immediate  vicinity  of  the 
middle  of  the  plate  and  departs  very  slightly  from  linearity  on 
either  side. 

The  cassette  ways  are  vertical  and  allow  twenty-six  spectra 
to  be  taken  on  a  plate  with  the  centers  2  mm.  apart.  The 
mounting  for  these  ways  is  connected  to  the  lens  by  means  of  a 
bellows  (made  to  order  by  Willoughby’s  in  New  York)  and  is 
capable  of  motion  parallel  to  the  optic  axis  by  means  of  a  No.  32 
screw  as  well  as  rotation  about  a  vertical  axis  lying  in  the  middle 
of  the  plane  of  the  plate.  Coarse  and  fine  indexes  are  provided 
for  these  adjustments.  The  plates  used  are  4.25  X  3.25  inches 
with  the  former  dimension  horizontal. 

Because  of  the  high  intensity  of  the  exciting  line,  a  mask  has 
been  built  into  the  camera,  so  that  the  exciting  line  may  be 
blocked  off  mechanically.  This  mask  can  be  flipped  up  and 
down  rapidly  without  disturbing  anything  else.  It  covers  the 
portion  of  the  plate  where  the  exciting  line  hits  and  in  this  posi¬ 
tion  is  about  1  mm.  in  front  of  the  emulsion.  It  can  be  moved 
parallel  to  X  to  allow  accurate  adjustment.  The  external  arm 
actuating  the  mask  is  shown  in  Figure  7. 

By  rotating  the  grating  to  bring  the  5461  region  into  the  center 
of  the  plate  it  is  possible  to  get  a  flat  focus  for  this  region  by  ro¬ 
tating  the  plate  through  an  angle  of  ca.  54',  the  red  side  being 
farther  from  the  lens. 

Figure  8  is  a  schematic  scale  drawing  of  the  instrument.  The 
optic  axis  is  9  inches  above  the  table  top.  The  base  is  a  piece  of 
annealed,  aged,  ribbed  channel  5X1  foot  X  3  X  0.375  inches. 
The  case  is  made  of  l/32  inch  black  iron  and  extends  12  inches 

above  the  top  of  the  channel.  It 


Figure  6.  Excitation  Unit 


The  spectrograph  rests  on  a  6  X  4  foot  X  2  inch  Alberene-top 
table  with  nine  steel  legs.  The  table  is  31  inches  above  the  floor 
thus  making  the  top  of  the  spectrograph  only  46  inches  above  the 
floor.  The  process  of  standing  on  a  stool  or  kneeling  on  a  table 
in  order  to  look  into  the  spectrograph  while  lining  it  up  is  thus 
avoided.  An  extension  on  one  comer  of  the  table  supports  the 
excitation  unit. 

Figures  9  and  10  show  various  details  of  the  instrument. 

Accessories 

This  category  includes  plates,  darkroom  equipment,  micro¬ 
photometer,  means  of  plate  calibration,  means  of  wave-length 
measurement,  contrivances  for  depolarization  measurements, 
and  apparatus  for  purifying  samples. 

For  4358  excitation  103-H  or  1 03- J  Eastman  spectroscopic 
plates  are  used,  ordered  with  antihalation  backing.  The  H  is 
usually  faster  than  the  J  in  the  gross  or  half-gross  batches  which 
the  author  has  ordered.  The  103a  emulsion  is  too  grainy  and  fogs 
too  easily  for  this  work.  For  anyone  not  caring  about  color 
sensitization — i.e.,  no  shifts  above  1800  cm.  1  the  writer  would 
recommend  the  103-0  emulsion. 

For  5461  excitation  the  writer  uses  the  Eastman  103-B  or  103-1 
for  an  over-all  survey.  The  F  sensitization  extends  to  longer  X 
and  is  more  uniform  than  the  B.  However,  the  B  sensitization  is 
faster  and  therefore  used  more  unless  shifts  belonging  to  O— -H 
or  N — H  stretching  frequencies  are  being  studied.  In  this 
event,  the  F  is  used,  but  the  study  of  these  frequencies  is  a  long 
process  by  5461  excitation.  There  are  available  a  variety  of  sen¬ 
sitizations  which  will  be  much  faster  in  certain  portions  of  the 
5461  Raman  region  (5461-6700  A.)— for  example,  for  shifts  below 
700  cm.-1  the  writer  uses  the  103-G;  for  shifts  from  700-1600 

cm.-1,  the  103-D.  . 

Because  of  oxidation  of  the  developer  in  open  tray  develop¬ 
ment  and  the  chance  of  scratching  the  emulsion  with  brush  de¬ 
velopment,  a  stainless  steel  tank  is  used  (Figure  11).  This  tank 
is  provided  with  two  vertical  grooves,  one  for  the  plate  the 
other  for  a  manually  operated  plunger.  The  horizontal  blade 
of  the  plunger  has  one  edge  l/n  inch  from  the  emulsion,  thus 
producing  considerable  turbulence  in  the  solution  and  enhancing 
the  possibility  of  obtaining  uniform  development.  The  plates 
are  developed  in  Eastman  D-19  for  4  minutes  at  18  ±  0.5  G., 

rinsed  for  20  to  30  seconds,  and  fixed  for  15  minutes  in  Eastman 
F5  all  at  18°  C.  (These  fast  plates  take  about  twice  as  long  to 
clear  as  the  Eastman  No.  Ill  emulsion.)  The  water  is  heated 
in  the  winter  by  a  water-jacketed  rheostat  (Cenco  20.5  ohms) 
and  cooled  in  the  summer  by  a  drinking  fountain  cooling  unit. 
Fenwall  (Fenwall,  Inc.,  Ashland,  Mass.)  thermoswitches  are 
used  for  temperature  control.  , 

For  plate  calibration,  a  helium  discharge  tube  (4-mm.  bore, 
3000  volts,  30  ma.,  10 X  enlargement  on  slit)  is  used  in  conjunction 
with  a  1  to  1.9,  two-series  six-step  sector  rotating  at  ca.  1300 
r  p  m  The  sector  is  left  in  the  open  position  when  not  in  use 
and  is  thus  always  in  readiness.  A  45  °  prism  is  used  on  a  pedestal 
between  the  slit  and  the  condensing  lens  for  Raman  light  to 
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throw  the  beam  from  the  helium  lamp  on  the  slit.  A  partially 
aluminized  plate  is  used  to  lower  the  intensity  of  the  helium 
lamp,  so  that  the  time  involved  in  putting  on  the  intensity  marks 
is  comparable  to  that  involved  in  taking  the  Raman  spectra. 
These  accoutrements  may  be  seen  in  Figures  6  and  10.  On  the 
103-H  and  103-J  plates  in  the  indigo  and  blue,  the  six  steps  of  the 
1  to  1.9  sector  span  a  density  range  of  0.03  to  2.00  when  the  cor¬ 
rect  time  and  slit  width  are  chosen.  The  highest  density  read- 


Figure  7.  Camera 


able  on  the  microphotometer  is  2.4,  and  this  is  the  reason  for  the 
choice  of  the  1  to  1.9  ratio.  The  estimated  accuracy  in  cutting 
the  sector  angles  is  =*=  6  seconds  (an  accuracy  of  ±1  minute  would 
be  adequate). 

The  microphotometer  used  is  by  Leeds  &  Northrup.  It  is 
equipped  with  a  Speedomax  pen  recorder  and  gives  densities 
directly.  The  paper  moves  at  a  speed  of  52.5  mm.  per  minute; 
the  plate  can  be  scanned  at  speeds  of  0.1,  0.2,  and  0.5  (XI,  X10, 
X100)  mm.  per  minute.  When  used  at  maximum  resolution, 
two  lines  0.01  mm.  apart  are  resolvable  by  the  microphotometer. 

The  linear  dispersion-1  (36.97  A.  per  mm.)  simplifies  the  meas¬ 
urement  of  wave  length.  The  light  from  a  helium  Geissler  tube 
is  focused  on  the  slit  by  means  of  a  45°  prism  used  in  conjunction 
with  the  condensing  lens.  The  reference  spectrum  is  superim¬ 
posed  on  the  Raman  spectrum.  Five  helium  lines  suffice  to 
measure  all  the  Raman  lines  with  an  accuracy  of  ±2  cm.-1 
The  microphotometer  trace  contains  the  helium  lines  along  with 
the  Raman  lines,  the  latter  being  measured  by  interpolation 
between  the  former.  The  plate  is  scanned  at  a  speed  of  0.5  mm. 
per  minute  with  a  resultant  enlargement  of  105  X .  The  measure¬ 
ments  of  X  (A.  in  air)  are  converted  to  x  (cm.-1  in  vacuo)  by  means 
of  Kayser’s  “Tabelle  der  Schwingungszahlen”  and  the  Ax’s  then 
determined. 

A  totally  symmetrical  vibrational  frequency  will  be  Raman- 
active  and  polarized  (p  <  6/7).  A  vibrational  frequency  which 
is  antisymmetrical  or  degenerate  to  one  or  more  symmetry  ele¬ 
ments  will  be  depolarized  (p  =  e/7)  if  observable  or  else  will  be  in¬ 
active.  Thus  the  important  thing  is  to  be  able  to  distinguish 
p  =  e/7  from  p  <  ®/7.  For  depolarization  measurements  the 
writer  uses  a  calcite  Wollaston  prism  between  the  lens  and  the 
slit  at  such  a  distance  that  the  two  images  are  just  separated  on 
the  slit.  In  traversing  a  prism  instrument,  the  vertically  polar¬ 
ized  component  is  weakened  more  than  the  horizontally  polar¬ 
ized  component  because  of  preferential  reflection  from  the 
prism  faces.  In  a  grating  instrument,  on  the  other  hand,  the 
horizontal  component  is  weakened  the  more  of  the  two.  How¬ 
ever,  in  the  latter  case,  this  weakening  does  not  occur  to  so  great 
an  extent  as  does  the  inverse  effect  in  the  prism  instrument. 
Because  of  this,  there  is  interposed  between  the  Wollaston  and 
the  slit  a  quarter-wave  plate  of  mica  with  its  principal  directions 
at  45°  to  the  vertical.  This  converts  the  two  linearly  polarized 
components  into  circularly  polarized  light,  so  that  no  preferential 
weakening  of  either  beam  will  occur  in  traversing  the  spectro¬ 
graph.  Inasmuch  as  a  quarter-wave  plate  will  accomplish  this 
feat  at  only  one  wave  length,  three  such  plates  have  been  made; 
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Figure  9.  General  View  of  Spectrosraph  and  Accessories 


these  produce  quarter-wave  retardations  at  XXX  4358,  4725,  and 
4975  A.  For  general  work  the  second  one  is  used.  If  only  low  or 
high  frequencies  are  to  be  examined,  the  first  or  third  ones  are 
used  accordingly.  A  thin  calcite  wedge  would  serve  as  a  de¬ 
polarizer  in  place  of  the  mica  (1,10). 

In  many  instances  the  writer  is  confronted  with  the  necessity 
of  purifying  relatively  small  quantities  of  materials,  often  by  dis¬ 
tillation  of  99.9%  of  a  sample  away  from  0.1%  of  a  fluorescent 
impurity.  All  the  distillate  must  be  recovered  and  in  many 
cases  no  heat  can  be  applied  during  the  distillation.  The  simple 
still  shown  in  Figure  12  accomplishes  this  nicely.  Liquid  air  is 
used  as  a  refrigerant. 

Performance 

In  this  section,  speed,  resolution,  etc.,  are 
discussed.  In  so  far  as  photographic  work 
is  concerned,  a  fast  spectrograph  is  one 
which  has  the  ability  to  register  a  spectral 
line  at  a  workable  density  (0.4  to  2.0)  in  a 
short  exposure.  For  such  work,  it  is  advan¬ 
tageous  to  have  a  camera  of  shorter  focus 
than  the  collimator,  allowing  a  wider  slit  to 
be  used.  A  number  of  workers  have  re¬ 
ported  on  the  speed  with  which  they  were 
able  to  photograph  Raman  spectra.  The 
results  are  not  comparable  because  they  do 
not  have  a  common  denominator.  Here 
the  writer  chooses  to  give  the  peak  and 
background  densities  of  Av  801  cm.-1  of 
cyclohexane  and  Av  992  cm.-1  of  benzene 
excited  by  Hg  4358  with  various  filters  and 
various  exposure  times  with  a  slit  width  of 
0.06  mm.  (spectral  slit  of  ca.  5  cm.-1)  on  an 
Eastman  103-J  spectroscopic  plate.  The 
results  are  shown  in  Table  II.  The  scatter¬ 
ing  volume  was  17.9  cc.  (12.5  cm.  X  1/t  tt  X 
1.352  cm.2). 

The  data  in  Table  II  show  that  under 
these  conditions  the  992  line  of  benzene  can 
be  recorded  at  a  density  nearly  too  great  to 
be  usable  in  1  minute  with  no  filters  and  at 
a  workable  density  in  ca.  2  minutes  with  all 
the  filters.  In  the  case  of  Av  801  of  cyclo¬ 
hexane,  1  minute  is  sufficient  to  record  the 
line  with  no  filters  and  ca.  10  minutes  are 


required  with  all  the  filters.  The  use  of  the  baffles  is  discussed 
below. 

In  discussing  resolving  power,  such  items  as  the  resolution  of 
the  grating,  camera  lens,  and  photographic  plates  must  be  con¬ 
sidered  as  well  as  the  limitations  imposed  by  the  width  of  the 
exciting  line  and  temperature  and  pressure  fluctuations. 

In  order  to  test  the  resolution,  an  air-filled  Geissler  tube  was 
used  (3000  volts,  30  ma,  1-mm.  bore)  with  a  slit  of  0.02  mm. 
(1.75  cm.-1).  The  new  Eastman  548  emulsion  was  used  (capable 
of  resolving  500  lines  per  mm.).  The  plates  are  very  slow,  and  a 
3-hour  exposure  was  necessary.  One  hundred  lines  per  mm.  were 
resolvable  in  the  blue.  (This  limit  is  set  by  the  slit  width.)  The 
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Table  II.  Test  of  Speed 

(Twelve  250-watt  ares,  mirror  in  use  for  2  months) 
Back-  Corrected 


Peak 

ground 

Line 

Int.  X/ 

Int.  X'/ 

(nt.  X'/ 

Test 

Density 

Density 

Intensity 

Int.  A 

Ir.t.  A’ 

Int.  X 

I,  A,  1 

2.26 

0.107 

29.60 

1  000 

I,  A',  1 

1.365 

0.041 

11.75 

1.000 

0 !  398 

I,  B,  1 

1.91 

0.041 

21  02 

0  710 

I,  B\  1 

1.203 

0  029 

10.21 

0.869 

0 . 486 

I,  C,  1 

1.500 

0.012 

14.12 

O' 476 

I,  C\  1 

0.840 

0.002 

7.57 

0 644 

o!  536 

I,  D,  1 

0.426 

0 

4.75 

0.i60 

I,  E,  1 

0.287 

0.002 

3.66 

0.123 

... 

I.  E,  4 

1.281 

0 

12.31 

II,  A,  1 

0.630 

0.031 

5.39 

1.000 

II,  A',  1 

0.232 

0.023 

2.56 

1.000 

0^475 

II,  B,  1 

0.436 

0.011 

4.40 

oAie 

.  .  . 

,  .  . 

II,  B',  1 

0.186 

0.024 

2.16 

0.844 

0.491 

II,  C,  1 

0.241 

0.009 

2.95 

0 546 

II,  C',  1 

0.080 

0.003 

1.50 

0.586 

o!508 

II,  D,  1 

0.030 

0 

0.70 

0 .'  1.28 

.  .  . 

II,  E,  1 

0.015 

0 

0.36 

0.067 

II,  A,  4 

1.93 

0.195 

19.6 

1.000 

II,  A',  4 

1.155 

0.069 

9.07 

1.000 

CL  463 

II,  B,  4 

1.611 

0.040 

15.27  . 

0^778 

II,  B',  4 

0.902 

0.032 

7.45 

0.821 

(L488 

II.  C,  4 

1.121 

0.012 

9.77 

0*498 

II,  C',  4 

0.561 

0 

5.55 

0 .’  6  i  1 

0.567 

II,  D,  4 

0.251 

0 

3.24 

0^65 

, , , 

II,  E,  4 

0.153 

0 

2.39 

0.122 

II,  D,  16 

1.143 

0.012 

9.96 

II.  E,  16 

0.800 

0 

7.32 

I.  CeH«,  Av  992  cm.  ~l 
II.  CeHii,  Ap  801  cm."1 

A.  No  filters. 

B.  NaNOs. 

C.  NaNOs  +  rhodamine  5GDN  Extra. 

D.  NaNOs  +  PrCU. 

E.  NaNOs  +  rhodamine  5GDN  Extra  +  PrCU. 

1.  1  minute. 

4.  4  minutes. 

16.  16  minutes. 

Primes  on  letters  indicate  that  baffles  were  used  between  arcs  and  filter 
jacket. 


lens  is  supposedly  capable  of  resolving  160  lines  per  mm.  To 
achieve  this  would  require  a  narrower  slit  and  a  more  intense 
source  as  well  as  constant  temperature  and  pressure  conditions 
which  are  not  available  at  present. 


Figure  13  shows  the  theoretical  resolution  of  the  grating,  the 
resolution  of  the  lens  (assuming  100  lines  per  mm.),  and  the  resolu¬ 
tion  to  be  expected  from  various  plates.  Each  curve  is  divided 
into  a  section  for  4358  excitation  and  one  for  5461  excitation  if 
the  plate  is  sensitive  to  both  regions.  Even  with  a  fairly  fine- 
grain  plate  (III-H),  the  best  resolution  obtain¬ 
able  in  Raman  work  with  the  present  excitation 
unit  is  6  cm.-1  This  can  be  attributed  largely  to 
the  considerable  width  of  the  exciting  line  caused 
by  Doppler  broadening  and  pressure  broadening. 

(The  latter  is  all-important  here;  the  former 
amounts  to  only  0.076  cm.-1  for  4358.35  A.  at 
5000°  C.  This  value  is  the  “half  intensity’’ 
width.)  This  same  line  pair  6  cm.- 1  apart  was  also 
resolved  on  a  103-H  plate  under  normal  operating 
conditions.  A  narrower  exciting  line  could  be  ob¬ 
tained  by  using  arcs  without  an  added  rare  gas 
and  by  operating  them  at  a  lower  mercury  pres¬ 
sure  by  suitable  cooling  arrangements.  Under 
ordinary  conditions,  the  carbon  bisulfide  pair  at 
648-656  is  easily  resolved  even  though  one  is  con¬ 
siderably  more  intense  than  the  other. 

Since  the  instrument  is  capable  of  performing 
the  task,  it  was  hoped  that  the  isotope  effect  could 
be  resolved  in  Av  459  of  carbon  tetrachloride  and 
thus  show  clearly  that  the  instrument  was  capable 
of  the  utmost  resolution  ever  attained  in  Raman 
spectra  even  though  it  has  a  modest  dispersion-1 
of  37  A.  per  mm.  With  the  argon-filled  H-2  arcs 
running  hot  or  running  cold  (cooled  by  air  blasts) 
and  using  4358, 5461, and  5769  excitation, the  micro¬ 


photometer  traces  of  CCL  459  showed  the  presence  of  four  com¬ 
ponents,  but  they  were  definitely  not  resolved.  This  will  be  tried 
again  with  direct  current  arcs  when  the  room  housing  the  spec¬ 
trograph  is  thermostated.  Thus  the  present  light  source  limits 
the  resolution  to  6  cm.-1  The  writer  is  satisfied  with  this  resolu¬ 
tion,  especially  in  view  of  the  fact  that  it  is  accompanied  by  con¬ 
siderable  speed. 

In  the  close-up  of  the  excitation  unit  (Figure  6),  the  reader 
will  note  a  set  of  baffles  surrounding  the  filter  jacket.  These 
baffles  are  not  used  in  routine  work  along  with  filters.  For  very 
poor  scatterers,  however,  they  ensure  essentially  right-angle 
scattering  with  a  much  higher  secondary /primary  intensity  ratio 
in  the  light  leaving  the  window  of  the  Raman  tube.  This 
allows  the  taking  of  longer  exposures  without  filters  with  a  re¬ 
sultant  background  of  moderate  density.  They  also  are  used 
whenever  a  small-diameter  sample  tube  is  employed,  especially 
if  a  liquid  of  very  low  refractive  index  is  being  studied.  A  rea¬ 
sonable  substitute  for  these  baffles  consists  of  a  set  of  thin  wash¬ 
ers  used  as  fins  directly  on  the  sample  tube.  Over  a  4.5-inch 
length  of  tube,  about  eight  washers  1  to  1.5  inches  in  diameter 
will  suffice.  An  inspection  of  the  data  in  the  last  column  of 
Table  II  will  show'  that  the  intensity  of  excitation  is  more  than 
halved  by  these  baffles. 

In  discussing  the  light  source  for  excitation  it  was  mentioned 
that  the  center  of  the  illuminated  portion  of  the  tube  was  imaged 
on  the  slit.  Under  these  conditions  the  image  consists  of  a 
relatively  dark  circle  with  a  brighter  ring  surrounding  it.  (The 
bright  ring  can  be  eliminated  by  using  smaller  aperture  baffles 
between  the  tube  and  condensing  lens,  thereby  lowering  the  in¬ 
tensity.)  A  diaphragm  on  the  slit  allows  the  center  portion 
of  this  image  to  pass  through  the  slit.  Under  these  conditions, 
the  primary  light  intensity  will  be  lowered  but  the  lines  will  be 
fatter  in  the  center,  a  very  undesirable  feature  when  comparing 
densities  of  lines  in  two  different  spectra.  Therefore,  under 
these  conditions  of  illumination,  it  is  best  whenever  feasible  to 
superimpose  the  spectra  containing  the  lines  whose  densities  are 
to  be  compared. 

With  the  Wollaston  prism  being  used  with  its  refracting  edge 
horizontal  for  depolarization  measurements,  the  spectra  cannot 
be  superimposed,  and  it  is  better  to  focus  the  window  of  the  sam¬ 
ple  tube  on  the  slit.  Under  these  latter  conditions,  the  image 
will  be  of  nearly  uniform  intensity  and  thus  make  spectral  lines  of 
uniform  density  throughout  their  length,  but  more  primary  light 
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will  get  into  the  spec¬ 
trograph.  To  cut 
down  the  amount  of 
primary  light,  baffles 
are  used  between  the 
source  and  the  tube. 

These  allow  illumi¬ 
nation  from  two  op¬ 
posite  sides  by  only 
two  arcs,  ensure 
essentially  right- 
angle  scattering,  and 
permit  the  elimina¬ 
tion  of  filters  as  men- 
tioned  above.  In 
this  work  also,  the 
two  unilluminated 
quarter  sections  of 
the  sample  tube  are 
painted  black  along 
the  entire  length  of 
the  tube. 

If  a  number  of 
spectra  are  to  be  taken 
on  one  plate,  so  as  to 
conserve  plates  and  minimize  plate  storage  problems,  it  is  essen¬ 
tial  that  an  unexposed  area  intended  for  occupancy  by  a  spectrum 
later  on  in  the  course  of  work  be  unfogged  during  the  process  of 
taking  a  spectrum  on  a  closely  adjacent  area.  For  this  purpose 
the  modern  prism  spectrographs  include  a  mask  directly  in  front 
of  the  plate,  so  as  to  nullify  fogging.  In  this  spectrograph,  the 
slot  that  permits  the  spectra  to  pass  through  to  the  plate  is  high 
enough  to  allow  three  such  spectra  to  pass.  Even  so,  the  clear- 
plate  density  between  adjacent  spectra  is  the  same  as  that  of  the 
unexposed  portion  of  the  plate  that  is  covered  during  all  the  ex¬ 
posures.  The  scattered  light  is  thus  much  less  than  in  a  prism 
instrument.  Since,  in  taking  Raman  spectra,  the  light  belonging 
to  the  Rayleigh  line  (or  lines)  is  much  more  intense  than  that  be¬ 
longing  to  the  Raman  lines,  and  since  a  prism  is  a  finite  volume 
of  a  material  substance  and  therefore  has  the  ability  to  scatter 
light  in  all  directions  when  illuminated  originally  in  only  one 
<iirection,  this  amount  of  scattered  light  is  fairly  objectionable 
when  taking  the  relatively  long  exposures  usually  necessary  in 
Raman  work. 

At  present,  work  is  under  way  to  convert,  this  instrument  to 
automatic  recording  (7,  8).  The  detector  will  probably  be  an 
R.C.A.  931-A  electron  multiplier  tube.  Instead  of  rotating  the 
grating,  the  spectrum  will  be  scanned  by  a  vertical  slit  which  will 
sweep  across  the  focal  plane. 
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Raman  Effect  and  the  Elucidation  of  Molecular  Structure 

THE  VIBRATING  MOLECULE 

The  Mechanical  Model.  Molecules  may  be  imagined  to  be 
made  up  of  a  system  of  point  masses  (the  atoms)  bound  to¬ 
gether  by  springs  (the  valence  bonds).  These  atoms  are  con¬ 
stantly  in  motion  about  positions  of  equilibrium.  In  general 
the  motion  is  of  a  very  haphazard  nature  and  probably  is  ex¬ 
tremely  complicated;  however,  any  motion  which  the  atoms 
undergo  can  be  obtained  by  a  superpositioning  of  certain  so- 


Factors  Affecting  Resolution 

called  normal  vibrations.  The  normal  vibrations  are  defined 
in  a  narrow  sense  as  being  those  vibrations  in  which  all  the  atoms 
of  a  given  molecule  pass  through  their  equilibrium  positions 
simultaneously  and  likewise  through  their  extreme  positions  si¬ 
multaneously.  (They  move  in  straight  lines  and  move  in  phase.) 
In  a  wider  sense,  a  normal  vibration  is  defined  as  one  in  which  all 
degrees  of  freedom  (see  below)  undergo  harmonic  motions  of 
equal  frequency. 

If  each  atom  is  referred  to  a  set  of  rectangular  axes,  it  is  seen 
that  three  coordinates  are  required  to  specify  the  position  of  each 
atom  at  any  instant.  Dynamical  systems  are  designated  as 
holonomic  (or  nonholonomic)  according  as  arbitrary  infinitesimal 
increments  of  the  coordinates  define  (or  do  not  define)  a  possible 
displacement  of  the  system.  Holonomic  systems  possess  the 
same  number  of  degrees  of  freedom  as  there  are  independent 
coordinates  required  to  specify  the  configuration  of  the  system. 
The  systems  dealt  with  here  are  holonomic.  Thus  for  a  molecule 
with  N  atoms,  3  N  coordinates  are  required  to  specify  the  posi¬ 
tions  of  the  atoms;  also,  there  are  3  N  degrees  of  freedom.  Of 
these,  6  (only  5  in  the  case  of  linear  molecules)  are  required  to 
describe  the  outer  motions  of  the  system — namely,  3  for  the  mo¬ 
tion  of  the  center  of  gravity  (translation  of  the  molecule  as  a 
unit)  and  3  (or  2  in  the  case  of  a  linear  molecule)  for  the  rotation 
around  the  3  (or  2)  mutually  perpendicular  axes.  These  outer 
motions  have  no  accompanying  restoring  forces  as  do  the  remain¬ 
ing  3  N- 6  (or  3  N- 5)  inner  degrees  of  freedom  and  may  be  re¬ 
garded  as  vibrations  of  zero  frequency  having  an  infinitely  long 
period. 

These  3  N- 6  (or  3  N- 5)  inner  degrees  of  freedom  are  also  known 
as  the  fundamental  modes  of  vibration  of  the  molecule  in  ques¬ 
tion.  The  problem  at  hand  is  that  of  finding  the  number  and 
nature  of  these  fundamental  modes  as  well  as  their  exact  fre¬ 
quencies  by  spectroscopic  means.  The  frequencies  are  governed 
by  the  masses  of  the  atoms,  the  geometrical  characteristics  of  the 
molecule,  and  the  Hooke’s  law  force  constants  of  the  valence 
bonds  and  angles.  (Hooke’s  law  states  that  the  restoring  force 
is  proportional  to  the  displacement  and  opposite  in  sign.  In 
the  present  instance  it  seems  appropriate  to  say  that  a  valence 
bond  tends  to  maintain  a  fixed  length  and  that  two  valence  bonds 
tend  to  keep  a  constant  angle  between  them.  The  former  tend¬ 
ency  is  stronger  than  the  latter.)  Once  the  frequencies  have 
been  found,  the  ultimate  goal  is  that  of  postulating  several 
models,  deriving  a  set  of  equations  for  each  model  relating  the 
frequencies  to  the  structural  factors  and  force  constants,  and 
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then  finding  a  set  of  force  constants  that  permits  the  calculation 
of  a  set  of  vibrational  frequencies  (from  one  given  set  of  equa¬ 
tions)  in  agreement  with  those  found  experimentally.  The 
model  giving  such  a  set  of  equations  is  taken  to  be  the  correct 
model  out  of  the  several  postulated.  Because  of  mathematical 
difficulties  this  goal  is  reached  only  in  the  case  of  relatively 
simple  molecules. 

Molecules  with  Symmetry  Elements.  A  molecule  is 
spoken  of  as  possessing  a  plane,  a  center,  a  p-fold  rotation  axis, 
or  a  p-fold  rotation-reflection  axis  of  symmetry  according  as  re¬ 
flection  across  the  plane,  inversion  through  the  center,  rotation 

27T  2  7 r 

around  the  axis  by  —  radians,  or  rotation  by  —  followed  by  re¬ 
flection  across  a  plane  perpendicular  to  the  axis  gives  rise  to  a 
molecule  identical  with  the  molecule  before  the  symmetry  opera¬ 
tion  was  applied.  The  molecules  are  assigned  these  symmetry 
properties  with  the  nuclei  in  their  equilibrium  positions. 

The  various  vibrational  modes  are  classified  as  being  sym¬ 
metrical,  antisymmetrical,  or  degenerate  to  these  symmetrical 
elements.  [Degenerate  frequencies  occur  only  when  the  mole¬ 
cule  has  a  3-fold  (or  higher)  rotational  or  rotation-reflection  axis 
of  symmetry.  A  frequency  is  said  to  be  doubly,  triply,  etc., 
degenerate  when  there  are  two,  three,  etc.,  modes  all  having 
the  same  frequency.]  If,  in  a  given  mode,  the  molecule  is  ex¬ 
amined  with  the  nuclei  at  their  extreme  positions,  it  can  be  seen 
whether  or  not  the  mode  is  symmetrical  or  antisymmetrical  to  the 
various  symmetry  elements  possessed  by  the  molecule  at  rest. 
To  differentiate  between  a  degenerate  mode  and  an  antisymmetri¬ 
cal  mode  it  is  necessary  to  compare  the  atoms  in  the  displaced 
position  after  applying  the  symmetry  operation  with  the  atoms 
one-half  period  later  at  the  other  extreme  position  without  apply¬ 
ing  the  symmetry  operation.  If  the  two  are  the  same,  the  mode 
is  not  degenerate  to  that  symmetry  element;  it  is  only  anti¬ 
symmetrical.  If  the  two  are  different,  the  mode  is  either  de¬ 
generate  or  symmetrical  to  that  symmetry  element,  and  the  latter 
is  redundant. 

By  turning  to  the  mathematical  formalism  of  group  theory, 
Wigner  (13),  Tisza  (13),  Wilson  (1J),  15),  Placzek  (6),  and  Rosen¬ 
thal  and  Murphy  (11)  have  developed  tables  for  the  different 
crystallographic  point  groups  (and  for  additional  groups  too) 
characteristic  of  each  possible  type  of  molecular  symmetry. 
These  show  the  number  of  vibrational  frequencies  appearing  in 
infrared  absorption,  in  Raman  effect,  in  both,  in  neither,  and 
the  polarization  properties  of  the  frequencies  if  they  are  Raman- 
active.  A  very  convenient  summarization  of  these  data  is 


given  by  Kohlrausch  (t, 
1931-1937  Supplement). 
The  investigation  of  the 
number  and  symmetry 
properties  of  the  normal 
modes  of  oscillation  of  a 
given  molecular  model  ia 
now  a  matter  of  routine. 

From  Kohlrausch  (£, 
pp.  34-5)  the  writer  citea 
the  following  general 
rules: 

1.  As  a  general  rule, 
the  intense  Raman  linea 
belong  to  totally  sym¬ 
metrical  vibrations. 
Overtones  and  com¬ 
bination  frequencies 
occur  only  weakly  if  at 
all. 

2.  Totally  symmet¬ 
rical  vibrations  are 
polarized  in  the  Raman 
effect — i.e.,  the  depolari¬ 
zation  ratio  is  small  or 
zero. 

3.  Frequencies  that  are  antisymmetrical  or  degenerate  to 
one  or  more  elements  of  symmetry  are  either  Raman-active  and 
depolarized  or  else  forbidden. 

4.  In  molecules  having  a  center  of  symmetry  those  vibrations 
antisymmetrical  to  the  center  of  symmetry  are  forbidden.  (This 
case  is  interesting,  inasmuch  as  Raman  active  vibrations  for  such 
a  molecule  are  inactive  in  infrared  absorption  and  vice  versa.) 

To  these  rules  should  also  be  added  the  statement  that  the 
appearance  of  a  vibrational  frequency  in  infrared  absorption 
depends  on  that  frequency’s  causing  a  change  in  the  dipole  mo¬ 
ment  of  the  molecule.  On  the  other  hand,  a  vibration  must  be 
accompanied  by  a  change  in  the  polarizability  of  the  molecule 
if  that  frequency  is  to  be  Raman-active. 

The  Empirical  Side  of  the  Question.  Characteristic  Vibra¬ 
tions.  A  vast  amount  of  work  on  the  Raman  and  infrared  ab¬ 
sorption  spectra  of  a  multitude  of  compounds  has  shown  that, 
to  a  very  marked  degree,  like  linkages  exhibit  like  frequencies 
even  when  these  linkages  occur  in  rather  radically  different  mole¬ 
cules.  Thus  it  has  become  customary  to  speak  of  a  C — H  aro¬ 
matic  frequency  or  a  C — H  aliphatic  frequency;  of  a  C=0  ester, 
acid,  aldehyde,  ketone,  or  acid  anhydride  frequency;  of  CsC, 


C=N,  C=C,  C=N,  N=0, 


c/H 

\H’ 


NC  O’  Se— H,  S— H,  0— H,  N- 


-H. 


C— (OH),  C—  (NHj),  C— (C=N),  C— Cl,  C— Br,  C— I 


frequencies,  and  also  of  ring  frequencies  of  various  types  as  well 
as  frequencies  characteristic  of  methyl  and  ethyl  groups,  etc. 
These  characteristic  frequencies  are  often  very  helpful  to  the 
chemist  as  long  as  he  does  not  believe  that  the  structure  of  any 
complicated  molecule  is  always  going  to  be  solved  merely  by 
finding  its  vibrational  frequencies.  The  writer  is  a  bit  more 
prone  to  take  a  slightly  pessimistic  attitude  rather  than  the  view¬ 
point  that  the  method  will  always  work. 

Limitations.  The  biggest  nuisance  in  Raman  spectroscopy  is 
that  a  slight  amount  of  fluorescent  impurity  in  the  sample  can 
give  rise  to  a  continuous  background  which  ofttimes  completely 
masks  the  Raman  lines.  In  the  case  of  a  pure  liquid  a  simple 
distillation  will  usually  remove  the  offending  substance.  Treat¬ 
ment  with  activated  charcoal  and  activated  alumina  can  also  be 
used  to  great  advantage  (this  must  not  be  resorted  to  in  the  case 
of  solutions  because  of  preferential  adsorption).  In  the  case  of  a 
solid,  dissolution  followed  by  clarification  and  recrystallization 
will  help.  For  organic  liquids,  adding  a  small  quantity  of  nitro¬ 
benzene  will  often  quench  the  fluorescence  to  a  high  degree. 
(This  is  brought  about  by  deactivation  of  the  fluoresoing  mole- 
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cules  by  collisions  of  the  second  kind — i.e.,  inelastic  collisions 
with  the  nitrobenzene  molecules.)  For  aqueous  solutions  the  same 
result  can  often  be  accomplished,  although  not  so  well,  by  em¬ 
ploying  potassium  iodide.  This  deactivating  method  should  be 
used  only  as  a  last  resort,  in  the  opinion  of  the  writer . 

Attention  was  called  above  to  relation  of  the  frequency  of  the 
exciting  line  to  the  lowest  lying  electronic  absorption  frequency. 
To  the  reader  not  accustomed  to  thinking  in  terms  of  energy-level 
diagrams,  this  statement  might  well  be  explained  more  fully. 

If  a  substance  is  a  pale  yellow  color,  an  investigation  of  its  ab¬ 
sorption  spectrum  will  show  that  it  absorbs  light  in  the  near  ultra¬ 
violet  and  violet  regions.  To  get  the  Raman  spectrum  of  such  a 
substance  it  would  be  necessary  to  use  an  exciting  line  of  lower 
frequency  (higher  wave  length)  than  the  low-frequency  side  of  the 
absorption  band  (the  4358  A.  line  of  mercury  can  be  used  for  such 
substances).  If  the  substance  is  bright  yellow  or  orange,  the 
absorption  band  has  now  moved,  or  spread,  to  lower  frequency 
(longer  wave  length)  and  so  a  lower  frequency  line  must  be  used 
to  excite  the  Raman  spectrum  successfully  (the  green,  5461  A., 
line  of  mercury  could  be  used  for  such  substances).  If  the  sub¬ 
stance  is  red,  the  absorption  band  will  be  in  the  green,  and  it 
would  be  necessary  to  use,  say,  a  yellow  line  to  excite  the  Raman 
spectrum.  If  the  absorption  band  is  in  the  yellow,  it  would  be 
necessary  to  use  a  red  exciting  line.  The  exciting  line  must  have 
a  frequency  less  than  the  lowest  lying  electronic  absorption  fre¬ 
quency.  Obviously  then,  the  investigation  of  the  Raman  spectra 
of  colored  substances  is  a  nuisance  and  is  beset  with  difficulties. 

Advantages.  In  obtaining  a  Raman  spectrum,  the  entire 
range  of  frequencies  occupied  by  the  fundamentals  is  covered 
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by  one  exposure  (if  recorded  photographically)  or  by  one  tracing 
(if  recorded  photoelectrically).  These  Raman  lines  can  be  meas¬ 
ured  by  interpolating  between  secondary  or  tertiary  standards  of 
wave  length  and  these  standard  lines  have  been  measured  by 
three  different  investigators  to  ca.  0.002  A.  (0.01  cm.-1  in  the 
region  under  consideration). 

If  it  is  necessary  to  study  a  solution,  the  solvent  may  be  any¬ 
thing,  so  long  as  it  is  colorless  (or  nearly  so)  and  optically  clear. 
The  Raman  spectrum  of  water  is  very  weak  by  visible  excitation, 
and  the  only  frequency  region  blotted  out  by  the  O — H  band  of 
the  water  is  3200  to  3700  cm.-1  (This  region  also  includes 
N — H  stretch  and  =C — H  stretch.) 

In  following  a  given  vibrational  frequency  through  the  spectra 
of  a  series  of  closely  related  compounds,  the  Raman  effect  per¬ 
mits  three  quantities  to  be  found  for  the  frequency— namely,  the 
numerical  value  in  cm.-1,  the  intensity,  and  the  depolarization 
ratio.  These  three  parameters  are  of  more  use  than  just  the 
frequency  and  intensity  would  be.  Although  only  these  two 
last-named  quantities  are  found  by  infrared  absorption  spectra, 
both  spectra  must  be  obtained  in  attempting  to  prove  the  struc¬ 
ture  of  a  molecule  by  vibrational  spectroscopy.  Thus  the  two 
methods  are  complementary  and  not  competitive. 

Analytical  Applications 

QUALITATIVE  ANALYSIS 

A  Fundamental  Hypothesis.  If  several  molecular  species 
are  present  in  a  solution,  the  Raman  spectrum  of  the  solution 
should  be  a  superposition  of  the  spectra  of  the  several  compo¬ 
nents  comprising  the  solution.  Departures  from  this  in  the  way 
of  actual  frequency  shifts  (the  error  of  these  measurements 
usually  being  equal  to  =*=1  or  2  cm.-1)  will  not  be  observed 
as  a  general  rule.  However,  for  polar  molecules  this  is  often  not 
true,  inasmuch  as  the  strong  interaction  forces  of  species  A  on  spe¬ 
cies  B  and  vice  versa  can  change  the  spectra  of  either  or  both 
relative  to  those  of  the  pure  compounds.  For  hydrocarbons, 
even  in  the  liquid  state,  the  initial  hypothesis  is  valid.  It  is  true 
that  slight  intensity  alterations  may  occur,  but  they  will  be  so 
small  as  to  be  of  importance  only  for  quantitative  analysis. 
This  whole  question  of  molecular  interaction  and  its  influence  on 
vibrational  frequencies  is  characterized  by  the  ease  with  which 
vague  wordy  descriptions  can  be  made  to  describe  what  is  going 
on  and  by  the  difficulty  involved  in  making  quantitative  calcula¬ 
tions  or  predictions  about  these  interactions. 

Main  Uses  and  Limitations.  Because  of  the  fact  that  very 
few  overtone  and  combination  frequencies  are  observed  in  the 
Raman  effect  (the  nonappearance  of  overtone  and/or  combina¬ 
tion  frequencies  provides  a  simpler  spectrum;  a  particular  ad¬ 
vantage  in  a  mixture),  the  method  is  of  a  great  deal  of  use  in 
following  the  course  of  a  distillation,  especially  if  the  distillation 
is  a  first  attempt  to  fractionate  the  products  of  a  new  reaction. 
It  often  happens  that  unsuspected  azeotropes  are  discovered 
during  this  first  distillation.  Much  time  may  be  saved  if  it  is 
possible  to  identify  the  components  of  such  azeotropes  spectro¬ 
scopically.  If  the  interest  is  directed  only  toward  the  main 
products,  the  Raman  method  will  generally  be  of  more  use  than 
methods  involving  absorption  spectra.  This  is  attributable  to 
the  fact  that  the  Raman  spectra  of  the  minor  components  will  be 
so  weak  that  the  spectra  of  the  major  components  will  stand  out 
above  all  else. 

This  failure  of  Raman  spectra  to  show  the  lines  of  minor  con¬ 
stituents  is  an  advantage  in  one  way.  On  the  other  hand,  it 
offers  severe  limitations  to  the  method,  in  that  the  spectra  of 
substances  present  in  low  concentration  are  usually  not  detect¬ 
able.  No  definite  figures  can  be  set  forth  on  this  subject;  only 
approximate  ones.  Using  4358  excitation,  many  substances  pos¬ 
sessing  strong  absorption  bands  in  the  violet  or  near  ultraviolet 
e.g.,  aromatics,  conjugated  olefins,  nitriles,  etc.  can  be  detected 
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Table  III.  Binary  Solutions 


Actual  Int.  992  C«Hs 
Mole  Ratio  int.  801  C.H„ 
Actual  10  5 

%  C 6 1 T is  C«His  mi 


Av.  %  Dev. 
in  Intensity 
Ratio 
10  5 


C«H« — C«Hu 
Max.  %  Dev. 
in  Intensity 
Ratio 
10  5 


50.68  1.1069 
35.43  0.6911 
11.30  0.1373 


3.625 

1.522 

0.364 


mm. 

3.622 

1.501 

0.415 


mm.  mm,  mm.  mm. 


%  C.He, 
Method  A 
10  5 

min.  min. 


%  Error, 
Method  A 
10  5 

min.  min. 


%  C.H., 
Method  B 
10  6 
min.  min. 


%  Error, 
Method  B 
10  5 

min.  min. 


12.1 

2.4 

3.8 


7.5 

4.9 

12.9 


22.2 

4.5 

8.5 


13.4 
9.5 

29.4 


45.6 

26.0 

7.8 


45.6 

25.7 
8.7 


10 

27 

31 


10 

27 

23 


30.1 

9.3 


29.9 

10.6 


15 

17 


15.5 

7 


Method  A.  19  pairs  of  superimposed  spectra  of  C«Ht  and  CsHi2  used.  Exposure  time  for  each,  3  minutes.  Average 
intensity  ratio  992/801  =  4.938.  Average  deviation  =  6.8%  from  mean. 

992/801  —  4.011  for  a  1:1  mole  ratio. 

Method  B.  Twelve  10-minute  and  twelve  5-minute  exposures  of  each  solution  (four  different  plates,  intensity  mark<- 
on  each  plate). 

992/801  —  3.275  for  a  1 :1  mole  ratio  as  obtained  from  the  data  for  the  solution  with  mole  ratio  of  1  1069  X 

(3-2TC  -  ril)- 


[(A)  C.H«,  (B)  CCU. 


Table  IV.  Binary  Solutions 

Filter,  NaNCh.  Slit,  0.10  mm.  (8.8  cm.  Exp.  time,  4  or  8  minutes] 


90.01%  A,  A/B  =  17.745 

65.08%  A,  A/B  = 

3.671 

33.63%  A, 
A/B  =  1:1 

Line  Pair 

Int. 

ratio 

Av.  % 
dev.  int. 
ratio 

%  A 

% 

Error 

Int. 

ratio 

Av.  % 
dev.  int. 
ratio 

%  A 

% 

Error 

Int. 

ratio 

Av.  % 
dev.  int. 
ratio 

604/314 

2.886 

6.3 

88.7 

-1.4 

0.675 

2.2 

64.8 

-0.5 

0.186 

3.2 

1178/314 

2.718 

6.3 

88.8 

-1.3 

0.656 

3.2 

65.6 

+  0.8 

0.174 

8.1 

1584/314 

2.048 

6.4 

88.5 

-1.7 

0.511 

1.4 

65.8 

+  1.1 

0.135 

5.2 

1603/314 

1.480 

7.1 

88.6 

-1.6 

0.356 

2.5 

65.0 

-0.2 

0.097 

16.5 

604/459 

3.249 

4.4 

89.5 

-0.6 

0.678 

1.6 

64.0 

+  1.7 

0.193 

4.2 

1178/459 

3.100 

2.7 

89.6 

-0.4 

0.661 

2.3 

64.6 

+  0.8 

0.184 

8.2 

1584/459 

2.340 

5.6 

89.6 

-0.4 

0.515 

0.8 

65.3 

+  0.3 

0.139 

7.9 

1603/459 

1.691 

7.2 

89.4 

-0.7 

0.359 

2.2 

64.2 

+  1.4 

0.102 

17.7 

Av.  of  40 — 5  spectra 

89.1 

64.9 

at  concentrations  as  low  as  0.2  to  1.0%  by  their  Raman  spectra. 
However,  only  one  or  two  of  the  very  strongest  lines  will  appear 
and  one  or  two  lines  can  only  serve  to  suggest  the  possibility  of 
the  presence  of  a  given  molecule;  they  cannot  prove  its  presence. 
Such  substances,  of  course,  would  be  easily  detected  by  ultra¬ 
violet  absorption  methods,  especially  if  they  were  minor  constitu¬ 
ents  accompanying  a  major  component  that  was  a  weak  absorber. 
If,  on  the  other  hand,  both  major  and  minor  components  were 
strong  absorbers,  Raman  spectra  might  serve  to  detect  the  minor 
component  (at  least  one  or  two  of  its  strongest  lines)  with 
greater  facility.  The  intensity  of  a  Raman  line  is  inversely  pro¬ 
portional  to  (v3e  —  v3ex)3  (the  former  is  the  frequency  of  the  low¬ 
est  lying  electronic  absorption  frequency,  and  the  latter  is  the 
frequency  of  the  exciting  line),  and  directly  proportional  to  the 
squares  of  the  changes  in  average  polarizability  and/or  optical 
anisotropy  brought  about  by  the  vibration  belonging  to  the 
Raman  line  in  question.  There  are  additional  compounds  which 
do  not  have  absorption  bands  in  the  near  ultraviolet  but  still 
give  rise  to  some  strong  Raman  lines  because  they  have  certain 
vibrations  involving  large  polarizability  changes,  and  certain 
highly  symmetrical  molecules  possess  multiple  degenerate  fre¬ 
quencies  which  often  lead  to  strong  lines.  Such  compounds  are 
also  detectable  in  relatively  low  concentrations  by  the  Raman 
effect,  even  though  they  may  not  be  strong  ultraviolet  absorbers. 
Finally,  a  molecule  possessing  a  preponderance  of  a  certain  spe¬ 
cific  structural  unit — C — H,  for  example — will  yield  intense  lines 
attributable  to  these  linkages. 

QUANTITATIVE  ANALySIS 

In  the  spectrum  of  a  solution  containing  several  molecular 
species,  the  intensities  of  the  spectral  lines  attributable  to  each 
of  the  species  will  be  indicative  of  their  respective  concentrations 
in  the  solution.  Thus,  in  order  to  perform  quantitative  analyses, 
a  method  of  obtaining  intensities  of  spectral  lines  is  a  prerequisite. 
If  the  spectra  are  recorded  by  photoelectric  means,  the  photo¬ 
electric  intensities  are  obtained  directly.  If,  on  the  other  hand, 
photographic  plates  are  used,  recourse  must  be  had  to  photo¬ 
graphic  photometry. 

The  results  discussed  here  were  obtained  by  the  latter  method, 
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and  they  involve  photo¬ 
graphic  photometry  at  its 
worst.  Because  of  the 
weakness  of  the  light  be¬ 
ing  photographed  it  is 
customary  (and  usually 
necessary)  to  use  very  fast 
plates.  These  are  grainy 
and  are  easily  fogged,  and 
usually  have  low  contrast. 
This  is  a  disadvantage  in 
that  the  density  change 
produced  by  a  given  al¬ 
teration  in  exposure  is  not 
so  great  as  that  produced 
in  the  case  of  a  higher  con¬ 
trast  plate.  On  the  other  hand,  the  wider 
latitude  is  favorable  because  it  allows  a 
coverage  of  a  greater  intensity  range  with 
a  given  exposure  time  than  does  a  high 
contrast  plate. 

Finally,  unless  very  concentrated  filter 
solutions  are  used,  there  will  be  a  con¬ 
tinuous  background  in  addition  to  the 
discrete  Raman  lines.  This  background 
is  caused  by  Rayleigh  scattering  of  the 
continuum  in  the  arcs  and  by  fluorescent 
impurities  in  the  sample  (the  filter  will 
not  diminish  the  latter  if  the  exciting  line 
causes  the  fluorescence).  Thus  in  the 
photographic  photometry  it  is  necessary  to  correct  for  the  back¬ 
ground.  The  method  used  for  this  is  that  described  in  detail  by 
Pierce  and  Nachtrieb  (5).  The  writer  uses  a  plate  calibration 
curve  of  density  vs.  exposure,  the  densities  being  obtained  directly 
from  the  microphotometer  tracings.  The  intensity  of  the  back¬ 
ground  is  subtracted  from  the  peak  intensity  of  the  line  to  get  the 
corrected  intensity. 

If  all  the  filters  are  used,  the  background  density  may  vary 
from  that  of  the  clear  plate  (taken  as  zero)  to  0.1.  If  the  praseo¬ 
dymium  chloride  is  omitted,  the  background  may  be  as  high  as 
0.6  in  some  work.  The  density  range  involved  in  the  case  of  the 
peaks  of  the  lines  is  from  0.4  to  2.1,  the  lower  limit  being  slightly 
below  the  lower  limit  (0.55)  of  the  linear  part  of  the  H.  and  D. 
curve  for  the  plates  used. 

If  the  solutions  being  examined  are  optically  clear,  it  will  often 
be  advantageous  to  dispense  with  the  praseodymium  chloride  and 
let  the  continuous  background  from  the  arcs  be  scattered  as 
Rayleigh  light  to  aid  in  overcoming  the  inertia  of  the  plate. 
This  practice  will  probably  be  impossible  with  double-jacketed 
arcs,  inasmuch  as  they  usually  run  hot  and  exhibit  an  intense 
t  continuum  (if  they  had  just  the  minimum  amount  of  mercury  in 
them,  the  above  procedure  could  be  used  with  the  double- jacketed 
arcs  too).  It  is  common  practice  to  filter  the  liquids  through 
sintered  glass  into  the  sample  tubes  in  order  to  remove  any  motes. 
Sometimes  the  liquids  still  exhibit  a  slight  turbidity  even  after 
this  treatment.  This  is  especially  true  in  hot,  humid  weather 
and  is  most  noticeable  in  substances  which  are  the  least  miscible 
with  water.  Drying  such  solutions  with  solid  desiccants  is  dan¬ 
gerous  because  of  preferential  adsorption.  In  such  cases,  there¬ 
fore,  it  is  usually  necessary  to  use  the  praseodymium  chloride  to 
keep  the  background  down. 

Schemes  of  Analysis.  A  Fundamental  Hypothesis.  In 
absorption  spectroscopy  it  is  possible  to  compare  the  intensity 
of  the  light  transmitted  by  the  solution  under  investigation  with 
that  transmitted  by  the  same  thickness  of  solvent  or  with  that  of 
the  empty  cell.  In  emission  spectroscopy  it  is  customary  to  deal 
with  relative  intensities  of  spectral  lines,  and  to  relate  these  rela¬ 
tive  intensities  (usually  in  terms  of  intensity  ratios)  to  concen¬ 
trations  or  to  concentration  ratios.  Here  our  fundamental  hy- 
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pothesis  will  be  that  the  intensity  of  the  scattered  light  is  di¬ 
rectly  proportional  to  the  number  of  molecules  in  the  scattering 
medium.  Several  analytical  schemes  are  described  below  in¬ 
corporating  this  hypothesis  and  examples  are  given.  It  is  shown 
that  this  hypothesis  is  not  always  valid  and  that  other  schemes 
must  then  be  used. 


Method  A.  Intensity  number  of  molecules  (no  standards 
involved). 


Step  1.  Superimpose  the  Raman  spectra  of  A  and  ft  taken 
under  identical  volume  conditions. 

Step  2.  Pick  a  line  of  A  and  a  line  of  B  uninfluenced  by  any 
other  lines.  Find  the  ratio.  Int.  A/ Int.  B  in  the  superposed 
spectra. 

Step  3.  Take  spectrum  of  unknown  containing  A  and  B. 

Step  4.  Find  (Int.  4 /Int.  B)x  for  the  same  line  pair  in  this 
spectrum. 

Step  5.  Assume  intensity  of  scattering  to  be  proportional  to 
number  of  molecules.  Correct  intensity  ratio  in  step  2  by  in¬ 
corporating  the  ratios  of  the  molecular  weights  and  densities 
of  A  and  B  in  the  correct  manner  to  get  the  intensity  ratio  for  a 
1  to  1  mole  ratio. 


Step  6.  Int.  A  =  Ka  moles  A. 

Int.  B  — Kb  moles  B. 

(Int.  A/ Int.  B)x  =  K  (moles  A/moles  B)x.  But 
(Int.  A/ Int.  B)i:i  =  K  for  a  1  to  1  mole  ratio,  and  so 

.  .  .  .  .  _  (Int.  A/Int.  B)x 

(moles  A /moles  B)x  =  (Int.  A/lnt  B)vi 


Method  B.  Intensity  «  number  of  moles  (one  standard  solu¬ 
tion  involved). 

Step  1.  Take  Raman  spectrum  of  a  solution  containing  A  and 
B  in  a  1  to  1  mole  ratio. 

Step  2.  Pick  a  line  of  A  and  one  of  B  uninfluenced  by  any 
other  lines.  Find  ratio  (Int.  A/ Int.  B)m. 

Step  3.  Take  spectrum  of  unknown  containing  A  and  B. 

Step  4.  Find  (Int.  A/ Int.  B)x  for  the  same  line  pair  in  this 
spectrum. 

Step  5.  Assume  intensity  of  scattering  to  be  proportional  to 
number  of  molecules.  This  leads  to  final  relationship  in  step  6 
of  Method  A. 

Method  C.  Synthetic  standards. 


Bt / ft/  I  _|_  y 


(Int.  A/ Int.  B)i 
Smce:  (Int.  A  /Int.  ft)// 

Thus:  X  =  Y[Ri/(Rn  —  ft/)]  =  grams  A  /gram  of  original 
solution. 


Discussion.  Method  A  would  be  used  only  in  the  event  that 
it  was  impossible  to  use  one  of  the  other  methods.  It  takes  no 
account  of  molecular  interaction. 

The  ideas  incorporated  in  Methods  A  and  B  can  be  extended 
to  solutions  of  more  than  two  components.  The  ratios  of  the 
molecular  weights  can  be  incorporated  in-  the  constant,  to  obtain 
an  expression  involving  grams.  If  the  total  percentage  of  all 
the  components  is  known,  expressions  for  direct  percentages  of 
the  various  components  can  be  obtained  by  simple  algebraic 
manipulations. 

Method  C  is  used  when  B  will  not  work — i.e.,  when  the  mo¬ 
lecular  interaction  is  so  great  or  changes  so  markedly  with  con¬ 
centration  as  to  invalidate  the  fundamental  hypothesis. 

Method  D  would  be  most  usefully  employed  as  an  extension  of 
B.  This  would  involve  adding  a  fixed  weight  per  cent  of  the 
standard  to  each  of  the  components  involved  and  the  same  per 
cent  to  the  unknowns.  The  “scattering  coefficients”  ( 9 )  of  each 
component  could  then  be  used  to  find  the  composition  of  the  un¬ 
known.  With  regard  to  the  work  in  (9),  the  writer  is  not  in 
sympathy  with  the  method  of  using  volume  per  cent,  nor  with 
using  activated  alumina  for  removing  fluorescent  impurities 
(because  of  preferential  adsorption).  He  also  feels  that  it  would 
be  better  to  put  a  fixed  per  cent  of  internal  standard  in  a  solu¬ 
tion  containing  equal  quantities  of  all  the  components  present  in 
the  unknown  which  is  to  be  analyzed  by  the  method  of  scattering 
coefficients,  and  to  use  the  scattering  coefficients  obtained  with 
this  solution  rather  than  those  obtained  from  the  binary  solutions 
involving  each  of  the  various  components  along  with  the  internal 
standard.  The  internal  standard  should  be  a  molecule  with  as 
few  atoms  as  possible  and  with  a  high  degree  of  symmetry,  in 
order  to  contribute  the  least  possible  number  of  vibrational  fre- 


Step  1.  Make  up  solutions  contain¬ 
ing  known  amounts  of  A  and  B. 

Step  2.  Obtain  their  spectra. 

Step  3.  Choose  suitable  line  pairs  of 
A  and  B,  and  find  (Int.  A /Int.  B)  for 
each  line  pair  in  each  spectrum. 

Step  4.  Plot  (grams  A /grams  B)  vs. 
(Int.  A/ Int.  B),  each  graph  involving 
one  line  pair. 

Step  5.  Use  the  graphs  to  find  con¬ 
centration  ratios  from  intensity  ratios 
in  spectra  of  unknowns. 

\iethod  D.  Internal  standard. 

Step.  1.  Make  up  standard  solutions 
containing  known  amounts  of  A  and  B. 
Add  to  each  solution  approximately  the 
same  weight  %  of  substance  S,  the  inter¬ 
nal  standard. 

Step  2.  Obtain  the  spectra  of  the 
standard  solutions,  and  find  (Int.  A/Int. 
S)  as  well  as  (Int.  B/ Int.  S )  for  as  many 
lines  of  A  and  B  as  desired. 

Step  3.  Plot  (Int.  A/ Int.  S)  vs.  (grams 
A  /grams  S).  Do  the  same  for  ft. 

Step  4.  Use  the  graphs  as  working 
curves  for  analyzing  unknowns,  the 
spectra  of  the  unknowns  being  obtained 
with  approximately  the  same  concen¬ 
tration  of  S  in  each  unknown  as  was 
used  in  the  standards. 

Method  E.  Method  of  dilution. 

To  find:  %  A  in  I  (a  solution  con¬ 
taining  A  and  ft) 

Given:  (Int.  A/Int.  ft)/  =  K'  (moles 
A/moles  ft)/  =  K[X/{  1  —  X)]/  where 
X  =  grams  A /gram  of  solution  in  I. 

Add:  Y  grams  of  A  to  1  gram  of  7; 
get  (X  +  Y)  grams  A,  (1  —  X)  grams 
ft  in  solution  77. 


Table  V.  Binary  Solutions 

((A)  CsHsCHs,  (B)  CCU.  Filter,  NaN02.  Slit,  0.10  mm.  (8.8  cm. 

Exp.  time. 

4  or  8  mi nu tea] 

90.02%  A.  A/B  =  15.062 

65.14%  A,  A 

B  = 

3.120 

37.51%  A, 

A/B  =  1:1 

Line  Pair 

Int. 

ratio 

.  AV‘  % 
int.  ratio 

%  A 

% 

Error 

Int. 

ratio 

Av.  % 
int.  ratio 

%  A 

% 

Error 

Int. 

ratio 

Av.  % 
int.  ratio 

520/314 

3.048 

5.7 

86.8 

-3.5 

0.767 

6.1 

62.3 

-4.3 

0.278 

9.4 

788/314 

7.778 

4.8 

84.5 

-6.1 

2.108 

8.8 

59.7 

-8.3 

0.854 

9 . 5 

1003/314 

14 . 548 

5.2 

86.8 

-3.5 

4.024 

11.7 

64.5 

-0.9 

1.327 

11.9 

1028/314 

3.815 

8.8 

87.3 

-3.0 

0.978 

6.5 

63.6 

-2.3 

0.334 

8  7 

1205/314 

3.482 

8.4 

87.4 

-2.9 

0.903 

7.2 

64.2 

-1.4 

0.302 

5.0 

1375/314 

1.248 

15.1 

85.2 

-5.3 

0.329 

6.7 

59.5 

-8.6 

0. 130 

12.3 

1580/314 

1.142 

9.3 

87.4 

-2.9 

0.293 

4.1 

63.9 

-1.8 

0 . 099 

16.2 

1603/314 

2.250 

7.6 

86.6 

-3.8 

0.626 

5,9 

64  3 

-1.2 

0.208 

6.7 

520/459 

2.622 

5.3 

85.4 

-5.1 

0.719 

6.5 

61.2 

-6.0 

0.274 

8.0 

788/459 

6.698 

4.7 

82.8 

-8.0 

1.973 

8.2 

58.5 

-10.0 

0.836 

11.1 

1003/459 

12.925 

7.5 

85.6 

-4.9 

3.773 

10.0 

63.5 

-2.5 

1.297 

11.4 

1028/459 

3.272 

4.6 

85.7 

-4.8 

0.920 

9.7 

62.8 

-3.5 

0.327 

10.7 

1205/459 

2.988 

6.0 

85.8 

-4.7 

0.846 

6.6 

63.1 

-3.1 

0.297 

8.  1 

1375/459 

1.062 

9.1 

83.4 

-7.3 

0.308 

8.4 

59.2 

-9.1 

0. 127 

15.0 

1580/459 

0.980 

4.5 

85.7 

-4.8 

0.273 

6.2 

62.6 

-3.8 

0.098 

14.3 

1603/459 

1.932 

7.0 

85.0 

-5.6 

0.585 

5.1 

63.4 

-2.6 

0  204 

9.8 

Av.  of  80 — 5  spectra 

85.7 

62.3 

((A)  CeHi2, 

(B)  CC1,. 

Table  VI.  Binary  Solutions 

Filter  NaNOj.  Slit,  0.10  mm.  (8.8  cm.-1).  Exp.  time,  8, 

16,  or  22.5  minutes) 

88.12%  A,  A/B  =  13.697 

64.11%  A,  A/B  = 

3.274 

35.38%  A, 
A/B  =  1:1 

Line  Pair 

Av.  % 
Int.  dev.  int. 
ratio  ratio 

%  A 

% 

Error 

Av.  % 
Int.  dev.  int. 
ratio  ratio 

%  A 

% 

Error 

Int. 

ratio 

Av.  % 
dev.  int. 
ratio 

801/314 

11.919 

11.5 

88.1 

0.0 

2.714  3.4 

63.8 

-0.5 

0.884 

1.9 

1026/314 

4.743 

9.1 

87.7 

-0.5 

1.183  2.6 

63.9 

-0.3 

0.366 

3.0 

1264/314 

3.937 

8.0 

87.9 

-0.2 

0.956  3.1 

63.8 

—  0.5 

0.297 

2.0 

1442/314 

3.796 

9.3 

88.4 

+  0.3 

0.919  2.6 

64.7 

+  0.9 

0 . 274 

5. 1 

801/459 

12.634 

5.6 

88.4 

+  0.3 

2.716  2.1 

62.1 

-3.1 

0.909 

3.2 

1026/459 

5.038 

2.7 

88.3 

+  0.2 

1.185  4.0 

63.9 

-0.3 

0.367 

1.4 

1264/459 

4.188 

1.3 

88.5 

+  0.7 

0.959  5.5 

63.7 

-0.6 

0.299 

3.7 

1442/459 

4.031 

2.4 

88.9 

+  0.9 

0.921  3.5 

64.6 

+  0.8 

0.276 

5 . 1 

Av.  of  40 — 5  spectra 

88.3 

63.8 
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Table  VII.  Binary  Solutions 

[(A)  CeHsCHs,  (B)  CbHi2.  Filter,  NaNOz.  Slit,  0.06  mm.  (5.3  cm.-1).  Exp.  time,  14  or  28  minutes] 


10.13%  A,  A/B  = 

0.1030 

36.87%  A,  A/B  =  0.5335 

A/B 

'  /U  ‘ *  > 

=  1:1 

Line  Pair 

Int. 

ratio 

Av.  % 
dev.  int. 
ratio 

%  A 

% 

Error 

Int. 

ratio 

Av.  % 
dev.  int. 
ratio 

%  A 

% 

Error 

Int. 

ratio 

Av.  % 
dev.  int. 
ratio 

520/801 

0.034 

5.9 

9.1 

-  9.9 

0.192 

3.1 

36.3 

-1.6 

0.369 

3.3 

788/801 

0. 103 

11.7 

11.8 

+  16.8 

0.475 

1.5 

38.0 

+2.8 

0.845 

0.4 

1003/801 

0.177 

2.3 

10.4 

+  2.6 

0.884 

1.2 

36.6 

-0.8 

1.674 

8.3 

1205/801 

0.050 

10.0 

12.5 

+23.7 

0.209 

5.3 

37.4 

+  1.4 

0.383 

3.7 

Av.  of  16— 

-4  spectra 

11.0 

37.3 

quencies  to  clutter  up  the  spectrum.  The  writer  prefers  carbon 
bisulfide  to  carbon  tetrachloride  although  full  arc  excitation  can¬ 
not  be  used  with  the  former  because  even  3650  A.  radiation  will 
destroy  it.  A  strong  objection  to  the  use  of  the  internal  standard 
is  that  fairly  large  quantities  of  pure  materials  are  contaminated 
by  its  use. 

Method  E  is  sometimes  handy  for  analyzing  a  single  unknown 
when  a  great  deal  of  work  is  unwarranted. 

Binary  Solutions.  In  order  to  see  whether  the  aforemen¬ 
tioned  fundamental  hypothesis  were  tenable,  five  binary  solu¬ 
tions  (three  solutions  for  each  binary  pair,  one  out  of  each  three 
having  a  1  to  1  mole  ratio)  were  examined  according  to  Method 
B.  One  pair,  CeH6  +  CeH^,  was  also  examined  by  Method  A. 
In  this  last  case,  the  spectra  were  superimposed  in  19  different 
spectra,  the  pictures  being  taken  by  using  two  Raman  tubes  as 
nearly  alike  as  possible  and  including  spectra  obtained  with  all 
possible  combinations  of  tubes  and  liquids. 

The  results  are  shown  in  Tables  III  to  VII,  inclusive.  The 
1  to  1  mole  ratio  solution  included  in  each  series  was  used  as  a 
single  standard  solution  to  obtain  the  results  on  the  other  solu¬ 
tions  which  were  treated  as  unknowns.  For  these  five  binary 
pairs,  three  yielded  satisfactory  results  and  two  did  not.  The 
latter  two  consist  of  the  pairs  C<sHs—  C*Hi2  and  C«H6CH3 — CCL. 
This  work  should  be  repeated,  but  it  cannot  be  done  now  because 
of  more  pressing  matters.  The  failure  of  Method  B  to  work 


Figure  16.  Working  Curve  for  Analysis  of  Butyl  Acrylate 


necessitates  making  up  standard  solutions 
to  obtain  an  analytical  curve.  The  data 
from  Table  III  were  employed  in  making 
Figure  14,  which  would  yield  errors  in 
analysis  shown  beside  each  of  the  points. 

Figure  15  shows  several  working  curves 
for  acrylonitrile  (CH2=CHOsN)  plus 
methanol.  The  exposure  time  (30  minutes) 
fisted  is  that  when  using  a  Zeiss  Tessar 
at  F :  8.  The  time  with  the  Petzval  lens 
would  be  shorter  by  a  factor  of  */6. 
One  curve  is  from  a  set  of  standards 
containing  nitrobenzene,  which  was  ex¬ 
amined  to  determine  the  effect  of  nitrobenzene  on  the  curve. 
The  nitrobenzene  was  intended  to  be  added  to  fluorescent 
unknowns,  thereby  doing  away  with  the  time  necessary  to 
redistill  such  samples.  The  working  curve  obtained  with  stand¬ 
ards  not  containing  nitrobenzene  is  reproducible;  that  ob¬ 
tained  with  standards  containing  nitrobenzene  is  not.  This  last 
statement  is  made  on  the  basis  of  considerable  experience.  In 
the  case  of  the  standards  with  nitrobenzene,  experiments  were 
conducted  with  two  sets  of  standards,  with  the  nitrobenzene 
being  added  directly  before  starting  the  exposures.  The  lines 
used  were  the  pair  shown  in  Figure  15  as  well  as  Av  1342  of  nitro¬ 
benzene  in  combination  with  the  C=C  fine  and  the  CsN  line 
of  the  acrylonitrile.  The  results  were  unsatisfactory  and  cannot 
be  explained  by  the  writer.  It  was  thought  that  enough  4047 
or  4078  radiation  might  be  getting  through  the  sodium  nitrite  fil¬ 
ter  to  excite  the  nitrobenzene  electronically,  which  in  turn  might 
enhance  the  velocity  of  polymerization  of  the  acrylonitrile. 


Table  VIII.  Analysis  of  o-,  m-,  p-Xylenes 

[Filter,  NaNOs.  Slit,  0.06  mm.  (5.25  cm.-1).  Exp.  time,  5  or  10  minute*. 
One  standard  solution  used — 33.2%  o,  33.8%  m,  33%  p.  Two  5-minnta 
exposures  and  two  10-minute  exposures] 


% 

% 

% 

o-Xylene 

m-Xylene 

p-Xylene 

True  value: 

20.1 

55.1 

24.8 

Lines  Used 

0 

TO 

P 

1226 

1248 

1203 

20.2 

56.5 

23.6 

1056 

1002 

1203 

20.5 

55.5 

24.0 

582 

534 

642 

21.7 

53.0 

25.3 

1056 

1002 

827 

20.8 

56.3 

22.9 

582 

534 

457 

20.7 

51.9 

27.5 

Av. 

20.7 

54.7 

24.7 

%  Error 

+  3.0 

-0.7 

-0.4 

Four  more  sets  of  standards  were  then  made  up  with  nitrobenzene 
added  to  two  and  hydroquinone  (to  inhibit  polymerization)  plus 
nitrobenzene  to  the  other  two.  Each  solution  was  used  to  give 
three  spectra  taken  one  after  the  other  and  of  equal  duration  to 
find  an  explanation.  The  results  obtained  did  not  permit  any 
explanation.  All  this  is  to  show  that  it  is  sometimes  dangerous 
to  add  nitrobenzene  to  highly  reactive  materials. 

Figure  16  is  a  working  curve  for  the  analysis  of  butyl  acrylate. 
The  standards  contained  butyl  acrylate  plus  butyl  alcohol.  To 
each  standard  was  added  5%  by  weight  of  carbon  bisulfide.  The 
C=C  line  of  the  ester  produces  a  nice  analytical  curve  but  the 
acrylate  concentration  can  be  found  more  easily  by  other  meth¬ 
ods.  In  some  spectra,  several  butanol  fines  were  related  to  the 
carbon  bisulfide  fine  but  no  satisfactory  working  curves  resulted. 
There  is  evidently  strong  interaction  between  the  alcohol  and  the 
0=0  group  of  the  ester  in  this  case.  This  is  demonstrated  by 
the  doubling  of  the  carbonyl  fine  in  the  ester  when  the  alcohol 
is  added.  In  liquid  butyl  acrylate  this  fine  is  at  1727  cm.-1, 
when  butanol  is  added  (1  to  1)  two  fines  appear  at  1709  and  1727. 
This  is  an  example  of  what  may  arise  to  plague  the  vibrational 
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Table  IX.  Analysis  of  o-„  m-,  p-Xylenes  Plus  Styrene 

[Filter,  NaNOz.  Slit,  0.06  mm.  (5.25  cm.-1).  Exp.  time,  5  or  10  minutes.  One  standard  solution  used:  28.2%  o,  28.7%  m,  28.0%  p,  lo.l%  styrene 

Two  5-  and  two  10-minute  exposures  of  each  solution] 


Lines  Used 

0 

m 

V 

s 

1226 

1248 

1203 

1628 

1056 

1002 

827 

1628 

582 

534 

642 

1628 

582 

534 

457 

1628 

Av. 

1226 

1248 

1203 

1628 

1056 

1002 

827 

1628 

582 

534 

642 

1628 

582 

534 

457 

1628 

Av. 


o-Xylene 


True 

% 

% 

Found 

A 

%  A 

15.0 

15.0 

0.0 

0.0 

15.0 

15.7 

+  0.7 

+  4.7 

15.0 

15.6 

+  0.6 

+  4.0 

15.0 

15.5 

+  0.5 

+3.3 

15.5 

0.5 

3.0 

19.1 

19.5 

+  0.4 

+2.1 

19.1 

20.9 

+  1.8 

+  9.4 

19.1 

18.0 

-1.1 

-5.8 

19.1 

19.4 

+  0.3 

+  1.6 

19.5 

0.9 

4.8 

m-Xylene 


True 

% 

%  , 
Found 

A 

%  A 

40.0 

38.0 

-2.0 

-5.0 

40.0 

37.6 

-2.4 

-6.0 

40.0 

40.5 

+0.5 

+  1.2 

40.0 

41.4 

+  1.4 

+3.5 

39.4 

1.6 

3.9 

52.4 

52.2 

-0.2 

-0.4 

52.4 

51.5 

-0.9 

-1.7 

52.4 

52.6 

+  0.2 

+  0.4 

52.4 

54.6 

+  2.2 

+  4.2 

52.7 

0.9 

1.6 

p-Xylene 


True 

% 

% 

Found 

A 

%  A 

35.0 

36.4 

+  1.4 

+  4.0 

35.0 

34.2 

-0.8 

-2.3 

35.0 

34.0 

-1.0 

-2.9 

35.0 

33.2 

-1.8 

-5.1 

34.5 

1.3 

3.6 

23.5 

23.3 

-0.2 

-0.8 

23.5 

22.6 

-0.9 

-3.8 

23.5 

24.9 

+  1.4 

+  6.0 

23.5 

21.2 

-2.3 

-9.8 

23.0 

1.2 

5.1 

Styrene 


True 

% 

% 

Found 

A 

%  A 

10.0 

9.4 

-0.6 

-  6.0 

10.0 

9.8 

-0.2 

-  2.0 

10.0 

10.0 

0.0 

0.0 

10.0 

9.9 

-0.1 

-  1.0 

9.8 

0.3 

2.3 

5.6 

4.7 

-0.3 

-  6.0 

5.0 

5.0 

0.0 

0.0 

5.0 

4.5 

-0.5 

-10.0 

5.0 

4.9 

-0.1 

-  2.0 

4.8 

0.3 

4.5 

spectroscopist  when  working  in  the  liquid  state  with  substances 
other  than  hydrocarbons. 

Multicomponent  Solutions.  In  the  case  of  solutions  of 
more  than  two  components  it  is  an  advantage  to  be  able  to  use 
Method  B  or  an  extension  of  this  method  in  conjunction  with  an 
internal  standard  because  of  the  time  and  materials  involved  in 
making  up  synthetic  standards  bracketing  the  concentration 
range  of  the  unknowns  to  be  analyzed. 


Tables  VIII  and  IX  show  results  obtained  on  two  practical 
problems  by  method  B.  Only  one  standard  solution  is  involved. 
Some  of  the  weaker  lines  are  too  faint  to  give  accurate  results. 
Obviously,  in  routine  work  the  set  of  lines  giving  the  best  results 
would  be  employed  and  the  others  disregarded. 

Figure  17  is  an  example  of  analysis  of  inorganic  salts  in  water 
solutions.  The  plot  of  intensity  ratios  vs.  concentration  ratios 
produces  a  greater  curvature  than  the  plot  shown.  The  working 
curve  does  not  change  markedly  with  total  salt  concentration. 
This  work  was  done  at  F :  8  with  sodium  nitrite  and  rhodamine 


5GDN  extra  filters.  The  exposures  varied  from  30  to  90  min¬ 
utes  (these  exposure  times  would  now  be  6  to  18  minutes). 

Chief  Uses  and  Limitations.  For  quantitative  work  Raman 
spectroscopy  should  not  be  used  below  ca.  5%  for  substances 
which  scatter  light  strongly  nor  below  ca.  10%  for  substances 
which  are  poor  scatterers.  Thus  the  Raman  method  is  best  for 
that  region  where  absorption  spectral  methods  are  poorest — i.e., 
at  high  concentrations. 

The  biggest  objections  to  its  use  in  industry  are  the  scarcity 
of  suitable  spectrographs,  and  the  time  involved  in  obtaining 
spectra  by  the  photographic  method  and  the  resultant  photo¬ 
graphic  photometry. 

The  writer  maintains  that  it  is  possible  to  use  a  “home-made” 
spectrograph.  As  to  the  latter,  it  is  certain  that  additional  de¬ 
velopments  in  the  field  of  automatic  recording  Raman  spectro¬ 
graphs  will  extend  the  use  of  this  method  to  problems  in  labora¬ 
tories  which  would  not  consider  adopting  it  at  present. 

Acknowledgment.  The  writer  wishes  to  acknowledge  the 
contributions  of  his  associates,  John  W.  Berry  and  John  J. 
Whalen. 

ADDENDUM 

A  new  book  on  Ramanspektren  (S)  may  soon  be  lithoprinted 
by  Edwards  Brothers,  Ann  Arbor,  Mich.,  under  the  auspices  of 
the  office  of  the  Alien  Property  Custodian. 
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Automatic  Apparatus  for  Electrolysis  at 
Controlled  Potential 

JAMES  J.  LINGANE,  Mallinckrodt  Chemical  Laboratory,  Harvard  University,  Cambridge,  Mass. 


CONTINUING  experiments  on  separations  of  metals  by 
electrolysis  with  a  mercury  cathode  at  a  controlled  poten¬ 
tial  (5)  created  the  need  for  an  apparatus  that  would  automati¬ 
cally  maintain  the  potential  of  an  electrode  at  a  constant  value 
during  the  course  of  electrolysis,  and  thus  relieve  the  experimenter 
of  the  tedious  task  of  manually  controlling  the  potential.  In¬ 
genious  circuits  for  performing  this  function  have  been  described 
recently  by  Hickling  (%)  and  by  Caldwell,  Parker,  and  Diehl 
(■ 1 ),  but  both  of  these  leave  something  to  be  desired  from  the 
standpoint  of  simplicity  and  versatility. 

Hickling’s  circuit  has  the  advantage  of  being  completely  elec¬ 
tronic  without  moving  mechanical  parts,  but  it  is  practical  only 
for  electrolysis  currents  of  a  few  tenths  of  an  ampere,  and  it 
controls  in  only  one  direction.  The  circuit  of  Caldwell,  Parker, 
and  Diehl  can  handle  large  currents,  but  it  is  limited  to  the  use  of 
a  total  applied  e.m.f.  of  10  volts,  and  it  also  controls  in  only  one 
direction — i.e.,  it  prevents  the  cathode  potential  from  becoming 
more  negative  than  a  given  value  during  the  course  of  electroly¬ 
sis,  but  it  does  not  correct  a  positive  drift.  Both  circuits  require 
preliminary  calibration  before  use.  The  apparatus  described 
herein  controls  in  both  directions,  it  is  applicable  with  applied 
voltages  and  currents  of  any  magnitude,  its  component  parts  are 
commercially  available  and  relatively  easy  to  assemble,  and  it 
does  not  require  preliminary  calibration. 

The  essential  features  of  the  circuit  are  shown  schematically  in 
Figure  1. 

The  total  voltage  applied  to  the  electrolysis  cell  is  adjusted  by  a 
100-watt,  30-ohm  radio  potentiometer  rheostat,  R,  and  indicated 
by  the  voltmeter  V2  (0  to  15-volt  scale).  Rheostat  Ri  (General 
Radio  Co.,  Type  333- A)  is  powered  from  the  direct  current  house 
main,  or  with  lead  storage  batteries,  and  a  50-  or  100-ohm  vari¬ 
able  resistance,  R2,  is  provided  for  convenience  in  adjusting  the 
voltage  across  R\  to  the  optimum  value  for  a  particular  experi¬ 
ment.  For  most  purposes  10  to  15  volts  across  R\  are  convenient, 
but  a  smaller  or  larger  value  may  be  used  in  special  cases.  For 
some  purposes  it  may  be  desirable  to  connect  R\  into  the  electroly¬ 
sis  circuit  as  a  series  resistance,  rather  than  as  a  potential  di¬ 
vider,  but  for  the  usual  type  of  electrolysis  experiment  the  arrange¬ 
ment  shown  is  most  suitable. 

The  electrolyzing  current  is  read  on  the  multiple  range  am¬ 
meter,  A.  The  range  of  the  ammeter  may  be  varied  to  suit  the 
particular  electrolysis  conditions;  for  work  with  the  mercury  cath¬ 
ode  under  the  conditions  previously  described  (3,  4)  two  ranges 
from  0  to  0.1  and  0  to  1  ampere  are  most  useful. 

The  e.m.f.  between  the  working  electrode  and  the  reference 
electrode  (usually  a  saturated  calomel  electrode,  S.C.E.)  is  op¬ 
posed  by  an  e.m.f.  from  a  100-ohm  radio-type  potentiometer  rheo¬ 
stat,  R3,  which  may  be  powered  by  a  single  No.  6  dry  cell  or  a 
2-volt  lead  storage  cell.  Obviously,  R3  cannot  be  powered  from 
the  same  source  as  Ri}  because  this  would  create  a  short  circuit 
between  the  electrolyzing  and  control  circuits.  The  opposing 
e.m.f.  (“cathode  potential”)  is  read  on  voltmeter  F2  (0  to  1.5 
volts),  which  should  be  calibrated  and  capable  of  being  read  to 
0.01  volt. 

A  galvanometer  relay,  G,  sensitive  to  ±0.02  volt  (Weston  Elec¬ 
tric  Instrument  Co.,  Model  30),  is  placed  in  series  in  the  control 
circuit  as  shown.  Off-balance  between  the  cathode-reference 
electrode  e.m.f.  and  the  opposing  e.m.f.  set  on  R3  causes  the  gal¬ 
vanometer  relay  to  make  contact  either  right  or  left  and  operate 
one  or  the  other  of  the  two  electronic  relays,  Ry  (E.  Greiner  and 
Co.,  Catalog  No.  E-1804),  which  control  the  direction  of  rotation 
of  the  reversible  synchronous  motor,  M .  In  turn,  the  motor  ro¬ 
tates  rheostat  Ri  until  the  total  e.m.f.  applied  to  the  cell  is  de¬ 
creased  or  increased  by  such  an  amount  that  the  cathode  po¬ 
tential  returns  to  the  value  set  on  R3,  and  thus  balance  in  the  con¬ 
trol  circuit  is  restored.  The  motor  operates  only  when  the  control 
circuit  is  unbalanced. 

The  small  motor  used  required  only  9  watts  at  110  volts 


alternating  current,  and  it  is  provided  with  a  built-in  gear  tram 
which  provides  a  shaft  speed  of  60  r.p.m.  and  a  torque  of  5 
oz.  in.  (Holtzer-Cabot  Electrical  Co.,  Boston,  Mass.,  Type 
RWC  2505).  A  worm-gear  combination  as  shown  is  used  to  de¬ 
crease  the  speed  further  to  0.60  r.p.m.  Mechanical  connection 
to  Ri  is  made  by  a  belt  drive  with  wooden  pulleys,  whose  ra¬ 
tio  is  2.7,  so  that  Ri  rotates  at  only  0.22  r.p.m.  In  addition  to  its 
simplicity  the  belt  drive  has  the  advantage  of  serving  as  a  simple 
friction  clutch,  so  that  R\  can  be  moved  manually  without  haring 
to  bother  with  locking  devices. 

The  rate  of  rotation  of  Ri  should  be  small  to  prevent  overshoot¬ 
ing  and  hunting,  and  yet  great  enough  so  that  off-balance  in  the 
control  circuit  is  corrected  without  delay.  With  one  revolution 
in  about  5  minutes  hunting  is  avoided,  and  the  time  required  to 
restore  balance  in  the  control  circuit  is  seldom  greater  than  about 
10  seconds  and  usually  is  considerably  less. 

The  time  of  response  between  the  instant  when  the  galvanom- 
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Figure  1.  Schematic  Circuit  Diagram  of  Apparatus  for  Electrolysis 
at  Controlled  Potential 

/?i.  100-watt,  30-ohm  radio  potentiometer  (General  Radio  Co.,  Type  333-A) 

R 2.  50-  or  1 00-ohm  regulating  resistance 

R 3.  100-ohm  radio  potentiometer  (General  Radio  Co.,  Type  301) 

A.  Multiple  range  ammeter  (0-  to  0.1-  and  0-  to  1 -ampere  scales) 

Vi.  Voltmeter  (0-  to  1 5-volt  scale) 

V2.  Calibrated  voltmeter  with  scale  from  0  to  1.5  volts,  capable  of  being  read  to 
0.01  volt 

G.  Galvanometer  relay  sensitive  to  ±0.02  volt  (Weston  Electric  Instrument  Co.. 
Model  30) 

Ry.  Electronic  relays  set  for  normally  open  (E.  Greiner  and  Co.,  Catalog  No.  E-1 804) 
M.  Reversible,  synchronous  electric  motor  with  shaft  speed  of  60  r.p.m.  or  less 
(Holtzer-Cabot  Electrical  Co.,  Boston,  Mass.,  Type  RWC  2505) 

S.C.E.  Saturated  calomel  reference  electrode 
Cell.  Electrolysis  cell 
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eter  relay  makes  or  breaks  contact  and  the  instant  that  Ri  begins 
to  move  or  stops  is  only  a  few  tenths  of  a  second. 

When  the  electrolysis  current  is  large,  a  relatively  large  change 
in  the  total  applied  e.m.f.  is  required  to  produce  a  given  change 
in  the  potential  of  the  working  electrode,  because  the  major  frac¬ 
tion  of  the  total  e.m.f.  is  dissipated  as  iR  drop  through  the  cell, 
but  near  the  end  of  an  electrolysis  when  the  current  becomes  very 
small  the  potential  of  the  working  electrode  changes  virtually  di¬ 
rectly  with  the  total  applied  e.m.f.  Hence  there  is  a  greater  tend¬ 
ency  for  the  instrument  to  hunt  its  balance  point  near  the  end  of 
an  electrolysis  when  the  current  is  small.  For  this  reason  the 
total  voltage  applied  to  Ri  should  not  be  larger  than  necessary,  so 
that  Ri  is  nearly  fully  open  at  the  beginning  of  an  experiment — 
i.e.,  so  the  increment  of  applied  e.m.f.  caused  by  momentary  op¬ 
eration  of  the  motor  will  be  relatively  small.  Hunting  can  also 
be  eliminated  by  increasing  R2  to  decrease  the  voltage  across  R> 
after  the  current  has  dropped  to  a  small  value,  but  this  usually  is 
not  necessary.  With  these  precautions  hunting  was  not  a  prob¬ 
lem. 

Considerable  difficulty  was  experienced  at  first  with  sticking 
of  the  contacts  of  the  galvanometer  relay,  even  though  the 
alternating  control  current  of  the  electronic  relays  amounts  to 
only  about  2  microamperes  and  there  was  no  visible  sparking. 
This  difficulty  was  eliminated  completely  by  placing  two  0.25- 
microfarad  paper  condensers,  each  of  which  is  in  series  with  a 
100-ohm  resistance  to  the  common  center  contact,  across  the 
galvanometer  contacts  as  shown.  By  trial  the  condensers  must 
be  connected  so  that  their  ground  sides  bear  the  proper  relation 
to  the  ground  sides  of  the  control  circuits  of  the  electronic  relays, 
otherwise  the  condensers  may  leak  current  to  operate  the  relays. 

If  the  electronic  relays  are  provided  with  pilot  lamps  connected 
in  parallel  with  the  load  terminals,  these  must  be  removed ;  other¬ 
wise  both  circuits  in  the  motor  will  be  energized  when  either  of  the 
two  relays  operates.  Pilot  lamps  of  low  resistance  may  be  placed 
in  series  in  each  of  the  two  motor  circuits  to  indicate  when  the 
controller  is  operating  and  its  direction. 

Since  both  the  total  applied  e.m.f.  and  the  potential  between 
the  working  electrode  and  the  reference  electrode  are  read  directly 
on  voltmeters  Fi  and  F2,  the  instrument  requires  no  calibration 
of  any  sort  before  use. 

To  begin  an  experiment,  switch  S3  is  closed  first,  and  R3  is  ad¬ 
justed  until  F2  indicates  the  cathode  potential  which  it  is  desired 
to  maintain.  Then  Rt  is  turned  back  to  zero,  and  Si  is  closed. 
Finally  <S2  is  closed  to  activate  the  control  circuit,  and  the  ap¬ 
paratus  is  left  to  itself  until  the  electrolysis  is  completed.  At 
the  end  of  an  experiment  St  should  be  opened  to  disconnect  the 
control  circuit  before  <Si  and  S3  are  opened. 

The  sensitivity  of  the  instrument  is  governed  primarily  by  the 
intrinsic  sensitivity  of  the  galvanometer  relay,  and  by  the  total 
resistance  in  the  control  circuit.  With  the  Weston  Model  30 
galvanometer  relay,  and  a  resistance  of  700  to  1000  ohms  in  the 
control  circuit,  most  of  which  was  in  the  bridge  between  the  ref¬ 
erence  electrode  and  the  electrolysis  solution,  the  apparatus  con¬ 
trolled  over  a  range  of  slightly  less  than  0.04  volt — that  is,  an  off- 
balance  of  0.02  volt  in  either  direction  from  the  value  set  on  Fs 
was  sufficient  to  actuate  the  motor.  This  sensitivity  is  more  than 
ample  for  the  great  majority  of  electrolysis  experiments.  For 
some  purposes  it  may  be  desirable  to  work  at  a  lower  sensitivity, 
and  this  can  be  obtained  by  increasing  the  spacing  between  the 
contacts  of  the  galvanometer  relay,  and/or  shunting  the  relay 
with  suitable  resistances. 

The  apparatus  has  been  in  use  for  several  months  for  electro¬ 
lytic  separations  of  metals  with  the  mercury  cathode  under  the 
conditions  previously  described  (5),  and  has  given  very  satisfac¬ 
tory  service.  In  a  number  of  instances  quantitative  separations 
of  metals  whose  standard  potentials  differ  by  only  0.20  volt  have 
been  achieved.  These  experiments  will  be  described  later. 

In  addition  to  purely  analytical  applications,  the  apparatus  has 
proved  very  useful  for  the  electrolytic  preparation  of  organic  com¬ 


pounds  by  controlled  potential  electrolysis  according  to  the  “po- 
larographic  synthesis”  technique  described  by  Lingane,  Swain, 
and  Fields  (4). 

Although  the  instrument  was  designed  primarily  for  use  with 
the  mercury  cathode,  it  is,  of  course,  equally  suitable  for  use  with 
platinum  electrodes  according  to  the  procedures  developed  by 
Sand  and  his  collaborators  (5),  with  any  combination  of  working 
electrode  and  reference  electrode,  and  for  controlling  the  potential 
of  an  anode.  By  connecting  the  control  circuit  across  the  cathode 
and  anode  of  an  electrolysis  cell  the  instrument  can  be  used  to 
control  the  total  applied  e.m.f.,  if  desired. 

SUMMARY 

An  apparatus  is  described  which  automatically  maintains  the 
potential  of  an  electrode  constant  during  electrolytic  determina¬ 
tions  and  separations.  The  instrument  is  sensitive  to  ±0.02 
volt,  it  is  applicable  with  currents  and  applied  voltages  of  any 
magnitude,  its  component  parts  are  commercially  available  and 
relatively  easy  to  assemble,  and  it  does  not  require  preliminary 
calibration.  Although  the  instrument  was  designed  particularly 
for  controlling  the  potential  of  a  mercury  cathode,  it  is  equally 
suitable  for  use  with  platinum  or  other  metal  electrodes,  and  it 
can  be  employed  with  any  combination  of  working  and  reference 
electrodes. 
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BOOK  REVIEW 


A.S.T.M.  Standards,  1944.  Part  I,  2047  pages.  Part  II,  1649  pages 

Part  III,  2240  pages.  American  Society  for  Testing  Materials. 

260  Broad  St.,  Philadelphia  2.  Pa.  Price.  $10  for  each  part:  sup¬ 
plement,  $4  for  each  part. 

The  1944  Book  of  A.S.T.M.  Standards,  issued  in  three  parts,  con¬ 
tains  in  their  latest  approved  form  all  the  society’s  widely  used  speci¬ 
fications  and  tests  for  materials:  1235  specifications  and  standard 
methods.  All  specifications,  whether  formal  standards  or  tentative, 
are  given. 

Part  I,  Metals,  deals  with  ferrous  and  nonferrous  metals  (all  A 
and  B  and  some  E  serial  designations)  except  methods  of  chemical 
analysis  and  with  general  testing  methods  (E  serial  designations). 

Part  II,  Nonmetallic  Materials,  covers  constructional  cementi¬ 
tious  materials,  concrete  and  aggregates,  masonry  building  units, 
ceramic,  pipe  and  tile,  thermal  insulating  materials  (all  C  serial  desig¬ 
nations);  wood  and  wood  preservatives,  paints,  varnishes,  and 
lacquers,  road  materials,  waterproofing  and  roofing  materials,  soils 
(certain  D  serial  designations) ;  general  testing  methods,  ther¬ 
mometers  (E  serial  designations) . 

Part  III,  Nonmetallic  Materials,  General,  includes  fuels,  petroleum 
products,  electrical  insulating  materials,  rubber,  textiles,  soaps  and 
detergents,  paper,  plastics,  water  (remainder  of  D  serial  designations) ; 
general  testing  methods,  thermometers  (E  serial  designations). 

An  innovation  is  the  inclusion  of  all  emergency  standards  and  emer¬ 
gency  alternate  provisions  which  have  been  widely  used  to  expedite 
production  and  procurement  of  important  materials.  Each  part  has 
a  complete  subject  index  (from  36  to  44  pages). 

To  keep  the  books  up  to  date,  a  supplement  will  be  issued  to  each 
part  late  in  1945.  A  complete  200-page  Index  to  Standards  is  fur¬ 
nished  without  additional  charge  and  a  copy  accompanies  the  pur¬ 
chase  of  each  part  or  complete  set. 


Microdetermination  of  Acetyl  Groups  in  Acetates 

of  Sugars  and  Glycosides 
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IN  CONNECTION  with  the  studies  of  a  fructosan  in  Yucca  mo- 
havensis  it  was  necessary  to  devise  micromethods  for  the  deter¬ 
mination  of  the  acetyl  groups  in  sugar  derivatives. 

The  fact  that  the  acetyl  esters  of  sugars  are  easily  hydrolyzed 
with  dilute  alkali  at  room  temperature  has  been  known  for  some 
time.  In  1902  ( 14 )  and  1904  (/),  the  rate  of  the  hydrolysis  of 
acetylated  monoses  and  bioses  was  studied.  The  hydrolysis 
was  carried  out  in  an  alcohol-water  solution  with  0.04  N  sodium 
hydroxide  solution.  It  was  generally  concluded  for  most  of  the 
sugars  used  that  K  (velocity  coefficient)  was  not  constant,  but 
decreased  as  the  change  proceeded,  indicating  that  the  acetyl 
groups  were  not  separated  at  the  same  rate.  Armstrong  and 
Arup  (1),  in  order  to  obtain  further  evidence  as  to  the  manner  in 
which  the  acetyl  groups  were  removed  extended  the  study  to 
acetates  of  methyl  glycosides  of  a-  and  /3-glucose  and  a-  and  Q- 
galactose.  They  found  that  these  glycoside  acetates  were  hy¬ 
drolyzed  at  about  the  same  rate  and  that  K  remained  fairly  con¬ 
stant  for  about  three  fourths  of  the  hydrolysis.  Near  the  end 
the  hydrolysis  proceeded  far  less  rapidly. 

The  action  of  alkali  on  sugars  has  been  studied  extensively, 
de  Bruyn  and  van  Ekenstein  (3)  postulated  a  series  of  trans¬ 
formations  for  d-glucose  and  d-galactose  in  an  alkaline  solution. 

Nef  (18,  19)  and  his  co-workers  postulated  for  these  hexoses 
the  existence  of  a  series  of  enediols  in  an  alkaline  solution. 

Evans  (4~11)  and  co-workers  have  studied  the  influence  of 
temperature  and  alkali  concentrations  on  certain  mono-  and  disac¬ 
charides  by  characterizing  the  volatile  acids  and  residues  which 
result  from  the  splitting  of  any  possible  enols. 

The  problem  of  devising  an  analytical  method  based  on  alka¬ 
line  hydrolysis  centers  principally  on  behavior  of  the  reducing 
sugars. 

For  the  purpose  of  this  paper,  the  conclusion  can  be  drawn  from 
the  above  work  that  oxidation  of  reducing  sugars  takes  place 
much  less  readily  with  dilute  alkaline  solutions  at  temperatures 
below  25°  C.  Nef  (18, 19)  stated  that  the  enediols  do  not  exist  in 
solutions  of  an  alkalinity  less  than  0.033  N  and  that  they  begin  to 
decompose  in  systems  of  alkalinity  above  0.05  N.  It  thus  be¬ 
comes  obviefus  that  the  alkaline  hydrolysis  micromethod  of 
Kuhn  and  Roth  (15)  would  not  give  satisfactory  results  for  re¬ 
ducing  sugars. 

Since  the  fructosan  studied  in  this  laboratory  was  nonreducing, 
it  was  possible  to  obtain  very  satisfactory  results  by  dissolving  the 
sample  in  95%  ethanol  and  then  hydrolyzing  with  an  aqueous 
0.1  N  sodium  hydroxide  solution  at  room  temperature  for  4  to  15 
hours  and  back- titrating  the  excess  alkali  with  standard  sulfuric 
acid.  A  similar  macromethod  has  been  described  by  Kunz  and 
Hudson  (16).  This  method  has  been  used  successfully  for  fruc¬ 
tose  pentaacetate  hydrolyzing  at  0°  C.  with  0.1  N  sodium  hy¬ 
droxide  for  3.5  hours  (13).  It  has  also  apparently  been  used  on 
d,a-phenyl  xylose  triacetate  (17). 

In  view  of  the  above,  a  micromethod  for  the  determination  of 
acetates  of  sugars  and  sugar  derivatives  was  investigated. 

EXPERIMENTAL 

The  sugar  and  glycoside  acetates  used  in  this  investigation  were 
prepared  from  pyridine-acetic  anhydride  mixtures  using  essen¬ 
tially  the  procedure  of  Haworth  and  Percival  (12). 

To  3.0  grams  of  sugar  (or  glycoside)  were  added  35  ml.  of  an¬ 
hydrous  pyridine.  The  solution  was  agitated  intermittently 
until  all  the  sugar  had  dissolved.  Then  30  ml.  of  acetic  anhy¬ 
dride  were  slowly  added  with  stirring  and  the  solution  was 


allowed  to  stand  for  approximately  24  hours  at  room  temperature. 
This  mixture  was  then  poured  with  vigorous  stirring  onto  500 
grams  of  ice.  The  white  solid,  which  usually  formed  immedi¬ 
ately,  was  removed  by  filtration,  washed  with  cold  water,  and 
dried.  Further  purification  by  recrystallization  from  alcohol 
could  be  accomplished  when  necessary. 

When  the  above  procedure  was  used  with  galactose,  an  oil  was 
formed  when  the  reaction  mixture  was  poured  upon  ice.  This 
oil  was  dissolved  in  hot  alcohol  and  crystallized  upon  cooling. 

Several  of  the  /3-glucoside  tetraacetates  used  were  prepared  by 
the  method  of  Bembry  and  Powell  (2). 


Figure  t.  Rate  of  Hydrolysis  of  Sucrose  Octaacetate 


In  order  to  establish  the  optimum  conditions  for  the  quanti¬ 
tative  hydrolysis  of  these  acetates  a  number  of  initial  studies 
were  made. 

Rate  of  Hydrolysis.  Studies  with  sucrose  octaacetate  in¬ 
dicated  that  deacetylation  of  this  compound  with  0.045  N  sodium 
hydroxide  at  20°  C.  was  complete  in  3.5  hours  (see  Figure  1). 

Similar  tests  with  acetates  of  glucose  and  maltose  indicated 
complete  deacetylation  in  3.5  hours  in  the  case  of  the  disaccha¬ 
rides,  while  glucose  gave  results  higher  than  theoretical.  On 
continued  hydrolysis  maltose  (21  hours),  lactose  (19  hours),  as 
well  as  galactose  (14  hours)  gave  high  and  erratic  results. 

Since  this  excess  was  best  accounted  for  on  the  basis  of  enoliza- 
tion,  splitting,  and  oxidation  of  the  breakdown  products  of  the 
sugar,  test  runs  were  made  using  a  layer  of  a  hydrocarbon  to 
shield  the  acetates  from  the  air. 

The  results  of  these  experiments  are  given  in  Table  I. 

Concentration  of  the  Alkali.  Because  of  the  critical  na¬ 
ture  of  the  concentration  factor  (4.-11),  several  experiments  were 
conducted  to  establish  optimum  condition.  According  to  Nef 
(19),  enolization  and  breakdown  of  reducing  sugars  do  not  occur 


Table  I.  Rate  of  Hydrolysis 

Concentration 


Acetate 

Temperature 

0  C. 

Time 

Hours 

of  Base 

N 

Hydrolysis 

% 

Glucose  (with  a 

20 

6 

0.045 

98.6 

layer  of  a 

20 

26 

0.045 

102 

hydrocarbon) 

20 

72 

0.045 

116 
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in  solutions  of  less  than  0.033  N  base.  The  results  of  a  series  of 
experiments  in  which  this  factor  was  tested  are  tabulated  in 
Table  II. 

Procedure  of  Analysis.  On  the  basis  of  these  studies  the 
following  procedure  was  adopted : 

A  5-  to  10-mg.  sample  of  the  acetate  is  weighed  out  in  a  small 
glass  boat  and  placed  in  a  25-cc.  Erlenmeyer  flask.  The  sample 
is  then  dissolved  in  95%  ethanol,  2  to  5  cc.  depending  upon  the 
solubility  of  the  acetate,  being  warmed  if  necessary  to  obtain 
solution.  Four  milliliters  of  0.045  N  sodium  hydroxide  (car¬ 
bonate-free)  are  added  from  a  microburet.  The  flasks  are  stop¬ 
pered  and  shaken  mechanically  or  intermittently  by  hand  for 
4  to  24  hours  at  20°  C.  The  excess  alkali  is  neutralized  with 
dilute  sulfuric  acid  (0.05  N)  using  phenolphthalein  indicator. 
The  per  cent  acetate  is  calculated  as  follows: 

m  nrr  [ml.  of  base  —  (ml.  of  acid  X  T)]  X  Nb  X  5900 

%  CHjCOU  mg.  of  sample 

T  =  normality  ratio  of  acid  to  base 
Nb  =  normality  of  base 

Using  this  procedure  the  data  in  Table  III  were  obtained. 


DISCUSSION 

As  indicated  by  the  results  in  Table  III,  the  determination  of 
the  acetate  with  0.045  N  sodium  hydroxide  at  20°  C.  is  complete 
in  from  4  to  24  hours.  These  conditions  appear  to  be  satisfac¬ 
tory  in  all  tests  except  those  applied  to  the  reducing  monosac¬ 
charides. 

In  the  case  of  these  reducing  sugars,  the  minimum  concentra¬ 
tions  necessary  for  enolization  and  splitting  as  reported  by  Nef 
were  confirmed.  Lower  concentrations  of  alkali  were  not  satis¬ 
factory'  for  analytical  purposes  in  all  cases. 

Since  deacetylation  of  glucose  pentaacetate  even  with  0.015  N 
sodium  hydroxide  at  20°  C.  gave  high  results,  oxidation  is  evi¬ 
dently  taking  place.  At  0°  C.  more  normal  results  are  obtained, 
owing  to  slow  rate  of  hydrolysis  and  probable  absence  of  oxida¬ 
tion. 

From  the  data  in  Table  I  it  appears  probable  that  increased 
acidity  results  from  a  self-oxidation.  In  the  case  of  glucose,  high 
values  under  certain  conditions  may  be  due  to  lactic  acid  forma¬ 
tion,  owing  to  the  rearrangement  of  glyceric  aldehyde  resulting 
from  the  fragmentation  of  the  original  molecule  ( 8 ). 

Evans  (4)  has  pointed  out  that  sucrose  octaacetate  should  not 
give  values  in  excess  of  theory  in  the  absence  of  oxygen  since  the 


Table  II.  Rate  of  Hydrolysis 


Acetate 

Temperature 

Time 

Concentration 
of  Base 

Hydrolysis 

0  C. 

Hours 

N 

% 

Glucose 

20 

10 

0.09 

105 

20 

34 

0.09 

114 

20 

60 

0.09 

126 

20 

6 

0.045 

102 

20 

24 

0.045 

106 

20 

60 

0.045 

113 

0 

4 

0.045 

101 

0 

26 

0.045 

103 

20 

4 

0.015 

101 

20 

7 

0.015 

103.6 

20 

19 

0.015 

103.8 

0 

12 

0.015 

96.6 

0 

24 

0.015 

100.6 

0 

41 

0.015 

100.5 

0 

68 

0.015 

100.6 

Maltose 

20 

11 

0.015 

98.8 

20 

24 

0.015 

103 

0 

45 

0.015 

98.2 

0 

69 

0.015 

98.8 

Lactose 

20 

8 

0.015 

98.5 

20 

18 

0.015 

99.6 

Sucrose 

20 

11 

0.015 

99.3 

0 

45 

0.015 

95  3 

0 

68 

0.015 

97.3 

sucrose  formed  cannot  undergo  transformations  to  form  double 
bonds  as  in  enediols.  This  viewpoint  is  supported  by  the  data 
in  Tables  II  and  III. 

According  to  the  information  in  Table  III,  this  procedure  gives 
fairly  consistent  results  with  an  average  deviation  of  approxi¬ 
mately  0.7%,  which  is  satisfactory  for  a  microdetermination  of 
this  type. 


Table  III.  Determination  of  Acetyl  Groups 


Acetate 

No.  of 
Determi¬ 
nations 

Time 

CH3C— 0 
Theory 

/ 

CH«C — O 
Found 
(Average) 

Average 

Deviation 

Glucose 

7 

Hours 

6 

% 

75.6 

% 

77.1 

P.p.1000 

5.9 

Galactose 

4 

14 

75.6 

77.0 

9.0 

Sucrose 

14 

4 

69.6 

69.7 

6.0 

Lactose 

7 

16 

69.6 

69.7 

3.7 

Maltose 

7 

4 

69.6 

69.7 

3.0 

Raffinose 

6 

14 

67.2 

67.0 

2.0 

Inulin 

5 

10 

61.7 

6.8 

Glycogen 

7 

24 

61.4 

10.0 

Fructosan 

5 

15 

61.8 

3.2 

Salicin 

10 

8 

59.5 

59.6 

7.7 

Amygdalin 

6 

10 

55.0 

55.6 

7.5 

Digitalin 

5 

6 

46.6 

2.6 

Phloridzin 

4 

9 

56.6 

55.0 

3.6 

Arbutin 

4 

11 

61.0 

60.8 

2.5 

Aesculin 

3 

11 

53.4 

54.6 

6.8 

Eugenol-/3-d- 

glucoside 

7 

8 

47.8 

48.5 

6.2 

Phenyl-/3-d- 

glucoside 

4 

6 

55.8 

55.2 

6.8 

Guaiacol-S-d- 

glucoside 

6 

5 

52.1 

52.0 

7.7 
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THIOCY ANOGEN  VALUES 

LAST  year  this  committee  attempted  to  determine  whether 
thiocyanogen  constants,  stoichiometrically  calculated  from 
fatty  acids  to  glycerides,  could  be  used  with  satisfactory  accuracy. 
In  that  program  the  committee  was  unable  to  obtain  agreeing 
results  in  the  several  laboratories.  This  year  it  undertook  to  find 
out  why.  Accordingly,  samples  were  sent  out  and  reagents  were 
supplied  from  two  sources,  so  that  all  collaborators  used  iden¬ 
tical  materials.  The  thiocyanogen  values  were  run  using  these 
reagents  and  the  reagents  regularly  used  by  each  member.  The 
results  are  shown  in  the  following  tabulation: 


Labora¬ 

Cottonseed  Oil 

Peanut  Oil 

Soybean  Oil 

tory 

Regular 

Special 

Regular 

Special 

Regular 

Special 

1 

68.2 

67.5 

72.0 

71.8 

86.0 

86.0 

2 

66.9 

67.3 

71.5 

71.8 

85.9 

86.1 

3 

65.2 

69.9 

83.1 

4 

66.8 

67^0 

71.1 

71.4 

84.9 

85^4 

5 

66.4 

70.8 

83.9 

6 

68.7 

67 !  6 

73.1 

7U8 

86.0 

86 !  4 

7 

67.0 

67.0 

72.0 

71.7 

85.2 

85.6 

Av. 

Av.  devia¬ 

67.5 

67.3 

72.0 

71.7 

85.6 

85.9 

tion 

0.7 

0.3 

0.5 

0.1 

0.4 

0  4 

Laboratories  3  and  5  not  included  in  averages. 


In  all  of  these  determinations  200%  excess  reagent  and  1.66 
grams  of  powdered  potassium  iodide  were  used. 

For  the  most  part  these  results  are  in  much  better  agreement 
than  previous  figures. 

Some  samples,  especially  the  higher  melting  point  fats,  are  not 
completely  soluble  in  the  reagent.  Their  solubility  is  improved 
by  the  addition  of  carbon 'tetrachloride.  Therefore,  a  comparison 
has  been  made  of  thiocyanogen  results  with  and  without  the 
addition  of  carbon  tetrachloride.  The  carbon  tetrachloride  was 
purified  by  a  method  supplied  by  one  of  the  committee  members. 

Purification  of  Carbon  Tetrachloride.  Removing  Re¬ 
ducing  Substances.  The  carbon  tetrachloride  is  shaken  in  a 
separatory  funnel  with  about  50  ml.  of  concentrated  sulfuric  acid 
(A.C.S.  grade)  per  liter  of  carbon  tetrachloride  and  allowed  to 
stand  for  2  hours.  This  acid  treatment  is  repeated  with  fresh 
charges  of  acid  until  a  color  no  darker  than  a  light  straw  develops 
in  the  acid  layer  on  standing  for  2  hours.  After  the  acid  layer 
is  separated,  the  larger  portion  of  the  acid  remaining  in  the  car¬ 
bon  tetrachloride  is  washed  out  with  water.  The  last  traces  of 
acid  are  removed  by  two  consecutive  washings  with  50%  aqueous 
potassium  hydroxide  (50  ml.  per  liter  of  carbon  tetrachloride). 
The  carbon  tetrachloride  is  then  partially  dried  by  allowing  it  to 
stand  several  hours  over  pellets  of  potassium  hydroxide.  It  is 
then  decanted  into  a  distilling  flask  and  distilled.  At  this  stage 
the  carbon  tetrachloride  is  suitable  for  use  in  iodine  number  de¬ 
terminations  but  must  be  freed  of  the  last  trace  of  moisture  be¬ 
fore  use  in  the  thiocyanogen  reagent. 

Drying.  To  remove  the  last  traces  of  moisture,  the  carbon 
tetrachloride  is  placed  in  a  flask  with  phosphoric  anhydride  (50 
grams  per  liter  of  carbon  tetrachloride),  and  allowed  to  stand 
several  hours  with  occasional  shaking.  The  phosphoric  anhy¬ 
dride  is  then  filtered  off,  the  filtrate  collected  in  a  distilling  flask 
with  another  charge  of  phosphoric  anhydride  (10  grams  per  liter 
of  carbon  tetrachloride),  and  the  dry  carbon  tetrachloride  dis¬ 
tilled  off.  All  equipment  used  in  distilling  the  carbon  tetra¬ 
chloride  must  be  dried  for  at  least  1  hour  at  120°  C.,  and  all  con¬ 
nections  in  the  distillation  apparatus  should  preferably  be  made 
with  ground-glass  joints.  The  use  of  a  two-  or  three-necked  re¬ 
ceiving  flask  to  collect  the  distillate  is  recommended.  One  outlet 
should  be  fitted  with  a  drying  tube.  See  Table  I. 


A  summary  of  results  obtained  to  date  indicates  that  the  use  of 
carbon  tetrachloride  is  undesirable  except  possibly  in  the  case  of 
high  melting  point  fats  which  are  difficultly  soluble  in  the  regular 
reagent.  More  work  is  contemplated. 

In  a  previous  report  this  committee  recommended  that  the 
amount  of  reagent  be  increased  from  an  excess  of  100-150%  to 
150-200%.  It  is  now  recommended  that  the  quantity  of  potas¬ 
sium  iodide  be  increased  from  1  to  1.66  grams. 

FAT  STABILITY  TEST 

Additional  work  has  been  done  on  the  fat  stability  test.  This 
work  has  been  concentrated  on  further  standardization  of  the 
details  of  the  method. 

Samples  were  distributed  among  committee  members,  who 
reported  the  following  results: 


Laboratory  _ _ Sample 


2 

3 

4 

5 

8 

30 

45 

34 

35 

2 

22-20-26-21 

46 

31 

28 

7 

29 

45 

33 

30 

9 

28 

45 

35 

30 

12 

35 

48 

40 

34 

6 

31 

52 

35 

33 

4 

28 

47.5 

31 

31 

5 

26 

31 

33 

11 

25 

42 

29.5 

25.5 

10 

24 

47.5 

32 

21 

Av. 

26 

46 

33 

30 

Av.  deviation 

3.5 

1.9 

2  3 

2.2 

While  there  are  some  large  individual  differences,  the  average 
deviations  are  much  improved  over  previous  results.  More 
work  is  contemplated  on  this  method. 


Table  I.  Effect  of  Carbon  Tetrachloride 

Labora-  Carbon  Tetrachloride  Added 


tory 

Sample 

Regular 

25% 

40% 

10  ml. 

5  nil. 

1 

Cottonseed  oil 

67.5 

66.3 

1 

Peanut  oil 

71.8 

70.7 

1 

Soybean  oil 

86.0 

85.3 

4 

Cottonseed  oil 

67.0 

66.9 

4 

Peanut  oil 

71.4 

71.1 

4 

Soybean  oil 

85.4 

85.2 

2 

Not  designated 

24.2 

23.5 

24!i 

23.7 

2 

Not  designated 

44.5 

45.5 

46.1 

45.0 

2 

Not  designated 

55.9 

57.7 

59.3 

66.2 

1 

Soybean  oil 

85.2 

85.7 

•  •  > 

•  •  • 

1 

Peanut  oil 

70.9 

71.2 

... 

4 

Glycerides 

87.0° 

85.5“ 

89. 4« 

83.5* 

4 

Glycerides 

84.5 

84.2 

86.8 

83.5 

4 

Fatty  acids 

91.3 

89.3 

90.0 

86.6 

4 

Fatty  acids 

24.2 

23.4 

22.7 

22.9 

7 

Cottonseed  oil 

66.7 

66.3' 

7 

Peanut  oil 

71.7 

69.7 

. . . 

7 

Soybean  oil 

85.5 

82.5 

,  ,  , 

7 

Tallow  1 

47.3 

47.0 

7 

Tallow  2 

42.4 

42.5 

7 

Tallow  3 

47.0 

46.2 

7 

Fatty  acids, 

tallow  1 

48.2 

45.9 

7 

Fatty  acids, 

tallow  2 

44.2 

43.1 

7 

Fatty  acids, 

tallow  3 

47.2 

46.7 

5 

Not  designated 

70.9 

. . . 

69.3 

5 

Not  designated 

61.3 

.  .  . 

60.2 

5 

Not  designated 

62.2 

61.0 

5 

Not  designated 

56.2 

56.8 

5 

Not  designated 

69.1 

68.4 

5 

Not  designated 

73.2 

70.7 

“  Effective  normality  of  thiocyanogen  reagent  0.194  to  0.206. 
t>  Effective  normality  of  thiocyanogen  reagent  0.140. 
e  Effective  normality  of  thiocyanogen  reagent  0.200. 
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The  Army  Quartermaster  Corps  requested  that  the  committee 
supply  them  with  a  method  for  the  fat  stability  test  incorporat¬ 
ing  the  best  technique  known  at  this  time.  Therefore,  a  proce¬ 
dure  has  been  written  and  approved  by  the  committee  and  sub¬ 
mitted  to  the  Quartermaster  Corps.  While  this  procedure  has 
not  yet  been  accepted  as  final  by  the  Committee  and  may  re¬ 
quire  modification,  it  is  agreed  that  it  represents  an  acceptable 
method. 

Apparatus.  (The  entire  apparatus,  including  calibrated  cap¬ 
illary  tubes,  may  be  obtained  from  E.  H.  Sargent  &  Co.,  155  East 
Superior  St.,  Chicago,  Ill.) 

The  apparatus  consists  of  an  aerating  train,  which  is  designed 
to  supply  washed  air  to  the  samples  and  a  bath  to  keep  the 
samples  at  constant  temperature.  The  entire  unit  is  calibrated 
in  such  a  way  that  a  constant  volume  of  air  (2.33  cc.  per  second) 
passes  through  each  sample.  The  apparatus  and  procedure  of 
standardization  of  the  air  flow  are  illustrated  and  described  in  the 
original  paper  (2). 

The  bath  consists  of  a  water  jacket  in  which  water  is  kept  at 
the  boiling  point,  using  a  reflux  condenser  to  keep  the  volume 
constant.  This  water  jacket  encloses  a  mineral  oil  bath  in  which 
is  contained  a  rack  accommodating  25  by  200  mm.  test  tubes. 
The  bath  is  maintained  at  such  a  temperature  that  the  samples 
within  the  tubes  will  remain  at  208°  =*=  0.5°  F.  (97.7°  C.).  The 
temperature  of  the  outer  bath  may  be  regulated  by  the  addition 
of  alcohol  to  lower  or  glycerol  to  raise  the  boiling  point.  The 
bath  is  preferably  insulated  with  about  1.5  inches  of  asbestos. 
This  facilitates  the  maintenance  of  a  uniform  temperature.  The 
bath  may  be  heated  with  either  gas  or  electricity.  The  heating 
must  be  arranged  so  as  to  give  uniform  heating  throughout  the 
length  of  the  bath.  It  is  important  to  be  sure  the  temperature  is 
the  same  over-all. 

The  only  modification  to  the  original  design  of  the  aerating 
train  is  that  a  reflux  condenser  is  inserted  in  bottle  E  which  con¬ 
tains  the  air-washing  liquid  (Figure  1).  The  air  passes  from 
bottle  E  through  the  condenser  to  remove  as  much  water  as 
possible.  From  the  condenser  the  air  passes  to  the  regular 
manifold  distributing  bottles,  G  and  F.  A  satisfactory  arrange¬ 
ment  is  described  by  Riemenschneider,  Turer,  and  Speck  (4). 
Bottle  B  and  cylinders  C  and  D  contain  water.  Bottle  E  con¬ 
tains  a  solution  of  2%  potassium  dichromate  in  1%  sulfuric  acid. 

All-glass  aeration  tubes  as  described  by  Riemenschneider, 
Turer,  and  Speck  are  permissible  but  not  required  (4). 

Solutions.  1.  Sodium  Thiosulfate,  0.1  N  accurately  stand¬ 
ardized. 

2.  Sodium  Thiosulfate,  0.01  N,  accurately  standardized. 

Use  reagent  grade  thiosulfate,  freshly  distilled  water,  and 


store  in  brown  glass  bottles.  Add  10  ml.  of  isoamyl  alcohol  and 
0.1  gram  of  sodium  carbonate  per  liter  to  stabilize  the  solution. 
Prepare  a  solution  approximately  0.1  N  and  standardize  as 
follows: 

Prepare  0.1  N  potassium  dichromate  by  dissolving  2.452  grams 
of  finely  powdered  and  dried  reagent  grade  potassium  dichromate 
in  distilled  water  and  make  up  to  500  ml.  Pipet  25  ml.  of  this 
solution  into  a  glass-stoppered  Erlenmeyer  flask,  add  5  ml.  of 
concentrated  hydrochloric  acid,  5  ml.  of  potassium  iodide  solu¬ 
tion  (150  grams  per  liter),  and  50  ml.  of  distilled  water.  Add 
the  thiosulfate  slowly  with  continuous  and  vigorous  swirling 
until  the  yellow  color  has  almost  disappeared.  Add  about  1  ml. 
of  starch  indicator  and  continue  the  titration,  shaking  as  before, 
until  the  blue  color  just  disappears.  Adjust  the  thiosulfate  solu¬ 
tion  to  exactly  0.1  N. 

Dilute  thiosulfate  solution  (0.01  N )  may  be  prepared  by  ac¬ 
curately  pipetting  100  ml.  of  0.1  N  thiosulfate  solution  into  a 
1000-ml.  volumetric  flask  and  diluting  to  volume  with  boiled  and 
cooled  distilled  water. 

3.  Starch  Indicator  Solution.  Make  a  homogeneous  paste 
of  10  grams  of  soluble  starch  (Lintner)  in  cold  distilled  water. 
Add  to  this  1  liter  of  boiling  distilled  water,  stir  rapidly,  and  cool. 
Salicylic  acid  (1.25  grams  per  liter)  may  be  added  to  preserve  the 
indicator  solution.  If  long  storage  is  required,  the  solution 
should  be  kept  in  a  refrigerator. 

4.  Air  Washing  Solution.  An  aqueous  solution  containing 
2%  potassium  dichromate  and  1%  sulfuric  acid.  This  solution 
must  be  changed  at  least  weekly. 

5.  Potassium  Iodide  Solution.  Saturate  distilled  water  with 
reagent  grade  potassium  iodide.  Be  sure  solution  remains  com¬ 
pletely  saturated.  This  is  best  indicated  by  the  presence  of  crys¬ 
tals  of  undissolved  salt  in  the  solution  bottle.  Store  in  the  dark. 
This  solution  turns  a  light  brown  on  standing  and  may  become 
faulty  with  age. 

6.  Acetic  Acid-Chloroform  Solvent.  Mix  60%  reagent 
grade  glacial  acetic  acid  and  40%  U.S.P.  chloroform  by  volume. 

7.  Cleaning  Solution.  Place  5  to  10  grams  of  technical  po¬ 
tassium  dichromate  in  a  1-liter  Erlenmeyer  flask  with  about  50 
ml.  of  water.  Warm  the  flask  under  the  hot  water  tap  to  dissolve 
as  much  dichromate  as  possible.  Add  concentrated  sulfuric 
acid  slowly  and  carefully  until  the  volume  is  about  200  ml. 
Allow  the  hot  solution  to  stand  for  about  5  minutes,  then  dilute 
to  1  liter  with  concentrated  sulfuric  acid. 

The  life  of  the  cleaning  solution  depends  upon  the  thoroughness 
of  removal  of  the  fat  from  tubes,  beakers,  etc.  The  solution  is 
discarded  when  the  distinctly  red  chromic  acid  color  has  changed 
to  brown.  If  the  fat  has  been  well  washed  away,  the  solution 
can  be  used  for  3  or  4  weeks.  Its  life  may  be  still  longer  if  not  in 
daily  use. 

Sampling.  All  equipment  and  containers  must  be  scrupu- 


Figure  1 .  Diagram  of  Air-Distributing  System 


A.  Device  to  control  pressure  of  incoming  air 

B.  Bottle  containing  water  for  washing  air 

C.  D.  Water  columns.  Air  in  space  above  water  in  B  is  kept  under  constant  pressure 

sufficient  to  by-pass  air  through  C  and  D  at  a  steady  rate 
E.  Bottle  containing  acid  dichromate  solution.  Air  from  E  passes  throughcondenser. 


J  into  bottle  / ,  thence  into  bottles  F ,  G,  and  //,  which  distribute  air  to  tubes 
N,  which  lead  to  the  aeration  tubes 
K,  L.  Pinchcocks  to  release  pressure  when  shutting  off  apparatus 
M  Screw  clamp  to  regulate  flow  of  air  # 

O  Connection  to  source  of  air  pressure 
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lously  clean.  The  containers  may  be  new  (unused)  tinned  cans 
or  glass  jars.  Metals  such  as  copper,  bronze,  and  brass  must, 
under  no  circumstances,  be  allowed  to  come  in  contact  with 
samples.  Glass  containers  are  cleaned  with  cleaning  solution, 
thoroughly  rinsed  with  distilled  water,  and  dried  by  heat.  Mason 
fruit  jars  with  rubber  gaskets  are  satisfactory,  but  all  parts 
must  be  cleaned  as  described  above.  Jars  with  plastic  or  enam¬ 
eled  tops,  or  covers  containing  paper  liners,  are  not  recommended. 

Samples  are  removed  from  tierces  or  similar  packages  with  a 
stainless  steel  trier  (butter  type,  18  to  36  inches  long)  which  has 
previously  been  well  cleaned  with  soap  and  water,  thoroughly 
rinsed  with  distilled  water,  and  completely  dried  by  heat  or 
with  new  paper  towel.  Samples  must  be  so  taken  that  none  of 
the  shortening  will  be  taken  less  than  2  inches  from  the  wall  of 
the  container  or  from  the  surface. 

Samples  must  be  packed  and  transported  to  the  destination 
laboratory  in  such  a  way  that  they  will  arrive  in  a  solid  state. 
Samples  that  have  been  melted  or  partially  melted  at  any  time 
are  not  to  be  used. 

Porcelain  or  stainless  steel  spatulas  are  used  in  the  laboratory 
for  removing  the  test  portion  from  the  container.  Clean  the 
spatula  between  samples  in  a  stream  of  hot  water  and  wipe  with 
paper  towel.  Select  a  portion  of  the  test,  after  removing  the 
top  surface  and  discarding,  in  such  a  way  as  to  avoid  taking  any 
fat  which  has  been  in  contact  with  the  sample  container.  Place 
in  a  beaker  which  has  been  cleaned  with  cleaning  solution, 
thoroughly  rinsed  with  distilled  water,  and  dried  with  heat. 
Completely  melt  the  contents  of  the  beaker  but  do  not  allow  the 
temperature  to  rise  more  than  a  few  degrees  above  the  melting 
point  of  the  sample. 

Aeration  of  Sample.  Caution.  The  control  of  temperature, 
maintenance  of  absolute  cleanliness,  and  elimination  of  any 
chance  of  contamination  cannot  be  overemphasized.  If  these 
factors  are  not  well  guarded,  the  results  are  likely  to  be  incorrect. 

Pour  20  ml.  of  liquefied  sample  into  each  of  three  200-mm. 
test  tubes,  which  for  convenience  should  be  calibrated  at  the  20- 
ml.  level.  Place  one  of  the  tubes  in  the  oil  bath,  which  has  pre¬ 
viously  been  brought  to  the  desired  temperature,  and  make 
necessary  connections  to  start  the  air  flow.  Record  time  of 
starting.  Stopper  the  second  and  third  portions  and  hold  at  a 
cool  temperature  until  the  time  arrives  for  their  incubation. 
At  the  desired  time  after  starting  the  first  portion,  start  the  second 
portion  of  the  sample  and  similarly  the  third  portion. 

The  time  spacing  of  tubes  is  conveniently  regulated  as  follows: 

Keeping  Time,  Hours  Space  Tubes 

0-16  1  hour  apart 

16-32  2  hours  apart 

32-50  3  hours  apart 

Over  50  4  hours  apart 

The  tubes  must  be  maintained  at  208°  ±  0.5°  F.  (97.7°  C.)  and 
inspected  regularly  to  be  sure  that  the  air  is  flowing  properly. 
Incubations  may  be  conducted  in  two  ways,  depending  on 
whether  the  exact  keeping  time  is  desired  or  whether  a  given 
minimum  keeping  time  is  to  be  met. 

For  Exact  Keeping  Time.  Incubation  is  continued  to  definite 
peroxide  levels  corresponding  to  the  point  of  inception  of  ran¬ 
cidity.  These  levels  are: 

Lard  and  oleo  oil  20  me.  of  peroxide  per  kg.  of  fat 

Hydrogenation  and  blended  shortening  100  me.  of  peroxide  per  kg.  of  fat 

It  is  convenient,  with  long  keeping  samples,  to  run  a  “pilot 
tube”  12  to  15  hours  in  advance  of  the  three  test  tubes  to  get  an 
approximation  of  the  keeping  value.  Successive  small  samples 
(1  gram)  may  be  withdrawn  from  this  tube  to  test  for  peroxide 
value  as  the  rancid  point  is  approached.  This  should  not  be  con¬ 
tinued  after  a  total  of  5  grams  have  been  removed  from  a  single 
tube.  The  pilot  tube  serves  a  twofold  purpose;  (1)  it  enables 
the  operator  to  carry  the  incubation  safely  overnight,  and  (2) 
it  eliminates  most  of  the  guesswork  from  choosing  the  time  for 
making  titrations. 

Note.  After  a  little  practice,  the  odor  of  the  air  from  the  ex¬ 
haust  tube  can  be  taken  as  a  good  indicator  of  the  end  point  but 
because  of  the  large  personal  variation  in  organoleptic  testing, 
the  odor  is  not  accepted  as  final. 

It  is  desirable  to  incubate  samples  continuously  until  they 
have  reached  a  stage  at  which,  if  continued  throughout  the  night, 
rancidity  will  have  developed  before  morning.  When  this  stage 
has  been  reached,  the  tubes  are  removed  from  the  batch  and 
immediately  chilled.  They  must  be  held  in  the  chilled  condition 
until  incubation  under  constant  supervision  can  be  resumed. 


All  tubes  are  titrated  when  the  end  point  has  been  reached. 
Results  are  reported  in  terms  of  hours  to  the  nearest  hour  at  which 
the  peroxide  value  just  fails  to  exceed  20  or  100  me.  as  the  case 
may  be. 


Example. 

Hydrogenated  or 

Blended  Shortening 

Tube  No. 

Hours 

Me.  of  Peroxide  per  Kg. 

1 

120 

110 

2 

116 

90 

3 

112 

80 

It  will  be  seen  from  a  simple  graph  of  the  results  that  at  the 
end  of  118  hours  the  peroxide  value  just  reaches  100  me.  of  per¬ 
oxide  per  kg.  Report  118  hours. 

For  Minimum  Keeping  Time.  To  determine  whether  a  sample 
meets  a  specified  keeping  time  requirement  it  is  necessary  to 
conduct  the  incubation  of  the  three  tubes  as  outlined  above  for 
exact  keeping  time,  except  that  the  incubation  may  be  inter¬ 
rupted  when  the  specified  time  has  elapsed.  The  pilot  tube  is 
not  needed  if  the  operator  arranges  his  work  so  as  to  be  able  to 
stop  the  incubation  at  the  proper  time. 

Determination  of  Peroxides.  Weigh  5  grams  (±0.05)  of 
sample  into  a  200  to  300-cc.  Erlenmeyer  flask  and  dissolve  in  30 
ml.  of  the  acetic  acid-chloroform.  Add  0.5  ml.  of  saturated 
potassium  iodide  solution  and  shake  until  the  solution  becomes 
clear.  After  2  minutes,  add  30  ml.  of  distilled  water  and  titrate 
with  standard  sodium  thiosulfate.  Add  starch  indicator  when 
near  the  end  point.  The  flask  should  be  shaken  vigorously  near 
the  end  of  the  titration  to  liberate  all  the  iodine  from  the  chloro¬ 
form  layer.  The  number  of  milliequivalents  of  peroxide  present 
per  1000  grams  of  sample  is  calculated  from  the  amount  of  so¬ 
dium  thiosulfate  solution  required  to  titrate  the  liberated  iodine. 

Milliequivalents  of  peroxide  per  1000  grams  of  sample  equal: 

Titration  (ml.)  X  normality  X  1000 
wt.  of  sample  (5  grams) 

A  blank  titration  should  be  made  daily  on  all  reagents  and 
should  never  exceed  0.1  ml.  of  sodium  thiosulfate. 

Cleaning  Procedure.  Wash  the  used  tubes  from  the  sta¬ 
bility  determinations  with  soap  and  water  and  rinse  with  tap 
water.  Place  on  a  test-tube  rack  and  nearly  fill  with  cleaning  solu¬ 
tion.  Wash  off  the  air-inlet  and  -outlet  assembly,  including  the 
rubber  stopper,  with  ethyl  ether  or  light  gasoline  before  washing 
with  soap  and  water.  This  solvent  wash  is  necessary  on  the  in¬ 
side  of  the  glass  tubes;  since  the  small  diameter  makes  it  impos¬ 
sible  to  scour  the  inside  with  a  brush.  After  the  soap  and  water 
wash  and  several  rinses,  place  the  inlet  and  outlet  assembly  in  the 
test  tubes  containing  cleaning  solution.  By  means  of  a  rubber 
tube  and  a  vacuum  line  draw  some  of  the  cleaning  solution  up 
into  the  air-inlet  and  air-outlet  tubes  and  allow  to  drain  back. 
Repeat  this  several  times  until  a  film  of  cleaning  solution  adheres 
evenly  to  the  inside  of  the  glass  tubes,  then  allow  the  air  delivery 
tubes  to  stand  overnight  in  contact  with  the  cleaning  solution 
w'ithin  the  test  tubes. 

After  soaking  as  described,  pour  off  the  cleaning  solution,  rinse 
all  parts  at  least  four  times  with  wrarm  tap  water,  and  then  allow 
the  tubes  to  stand  for  at  least  2  hours  in  tap  water.  Follow 
with  at  least  six  rinses  of  distilled  water.  Dry  the  test  tubes  in 
an  air  oven  at  105°  C.  Dry  the  air-inlet  and -outlet  assembly  in  a 
vacuum  oven  at  about  60°  C.  A  low  temperature  is  used  to  pre¬ 
vent  softening  of  the  rubber  stoppers.  Inspect  all  glass  parts 
minutely  and  discard  everything  not  absolutely  clean.  The  units 
are  then  ready  for  use.  Protect  all  glass  parts  in  a  dustproof 
cabinet  until  ready  to  use. 

Maintenance  of  Equipment.  All  equipment  and  w'ashing 
solutions  must  be  kept  clean.  Oil  and  water  baths  must  be  kept 
at  proper  levels.  The  water  should  be  1.5  inches  from  the  top 
and  the  oil  2  inches  from  the  top.  Use  distilled  water  to  prevent 
scale  formation  and  pure  white  mineral  oil. 

Keep  the  capillary  tubes  clean  to  ensure  proper  air  passage. 
A  very  fine  wore  is  convenient  for  this  purpose. 

Do  not  use  rubber  tubing  or  rubber  stoppers  that  have  started 
to  crack  or  have  become  sticky  from  the  heat.  Clean  all  new 
rubber  thoroughly  before  using.  Be  sure  that  the  ends  of  the 
rubber  tubing  do  not  pick  up  any  oil  from  contact  writh  the  bath. 

The  bath  is  easily  cleaned  by  wiping  with  a  cloth  to  which  has 
been  added  a  little  carbon  tetrachloride. 

INSOLUBLE  BROMIDES  (HEXABROMIDE  TEST) 

The  insoluble  bromide  test  has  stimulated  considerable  interest 
this  year  because  of  its  application  to  the  evaluation  of  soaps  in¬ 
tended  for  use  in  the  production  of  synthetic  rubber.  Some  time 
ago  this  committee  did  some  work  in  an  attempt  to  make  this 
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test  quantitative.  While  those  data  were  not  published,  they 
can  be  summarized  by  the  statement  that  the  results  had  no 
quantitative  significance.  Several  of  the  members,  especially 
the  Southern  Regional  Research  Laboratory,  made  a  very 
thorough  investigation  and  concluded  that  the  method  and 
several  modifications  of  this  method  were  unreliable. 

This  time  interest  has  been  in  the  qualitative  aspects  of  the 
hexabromide  test.  The  method  generally  used  is  as  follows: 


The  indications  are  that  a  positive  test  should  always  be  con¬ 
firmed  by  a  melting  point  of  the  precipitate. 

There  is  some  evidence  that  in  the  separation  of  fatty  acids 
from  soap,  the  procedure  of  splitting  the  fatty  acids  may  have 
some  significance.  Spectrographic  determinations  were  made  of 
linolenic  and  linoleic  acids  on  several  samples  of  pure  soap,  and 
fatty  acids  separated  from  these  soaps.  The  fatty  acids  were 
separated  according  to  the  A.O.C.S.  method: 


Procedure.  Add  approximately  1  gram  (if  solid)  or  1  ml. 
(if  liquid)  fatty  acids  to  25  ml.  of  acetic  acid-ether  solvent  (4 
parts  by  volume  of  ethyl  ether  to  1  part  of  glacial  acetic  acid)  in  a 
Soxhlet  flask.  Cool  to  0°  to  5°  C.  and  hold  at  this  temperature 
for  2  hours.  If  a  precipitate  forms,  filter  the  solution  cool 
through  a  small  filter  paper  into  another  cool  Soxhlet  flask  which 
has  been  rinsed  with  acetic  acid-ether  solvent.  If  there  is  no 
precipitate,  proceed  immediately  to  the  next  stop. 

Add  bromine  to  the  contents  of  the  flask  from  a  dropping 
bottle  until  a  deep  red  color  is  imparted  to  the  mixture.  Do  this 
under  a  hood.  Cool  the  mixture  again  to  0°  to  5°  C.  and  hold 
it  in  this  range  for  an  additional  4  hours.  Examine  the  contents 
of  the  flask  again.  If  a  heavy  precipitate  has  formed,  report  as 
“Positive”.  If  the  solution  is  clear  and  brilliant,  report  as  “Nega¬ 
tive”. 

Investigation  of  the  details  of  this  procedure  has  brought  out 
some  of  the  following  facts. 

a.  The  quantity  of  bromine  used  is  of  some  significance  in 
determining  whether  a  precipitate  will  form: 


Sample 

Color  of  Solution 
after  Adding  Bromine 

Precipitate 

Tallow  a 

Orange 

Positive 

Tallow  b 

Orange 

Negative 

White  grease  a 

Orange 

Positive 

White  grease  b 

Orange 

Positive 

Tallow  a 

Deep  red 

Negative 

Tallow  b 

Deep  red 

Negative 

White  grease  a 

Deep  red 

Negative 

White  grease  b 

Deep  red 

Negative 

The  melting  points  of  the  precipitates  obtained  from  several 


samples  of  known  purity  were: 

Tallow  glycerides 

60-  65° 

C. 

Tallow  fatty  acids 

60° 

c. 

White  grease  glycerides 

65-  70° 

c. 

Soybean  glycerides 

135-140° 

c. 

Soybean  fatty  acids 

176-180° 

c. 

The  melting  point  data  suggest  that  the  precipitates  obtained 
from  tallows  and  greases  are  not  hexabromides. 

b.  Spectrographic  determinations  of  linolenic  acid  were  made 
on  several  samples  and  these  data  were  used  to  determine  the 
minimum  sensitivity  of  the  insoluble  bromide  test: 


%  Linolenic  Acid 

Sample 

Triglycerides 

Fatty  acids® 

Tallow  1 

0.6 

0.9 

Tallow  2 

0.8 

1.1 

Tallow  3 

1.2 

1.1 

White  grease  1 

1.7 

1.6 

White  grease  2 

1.7 

1.9 

Soybean  oil 

6.4 

7.2 

a  Fatty  acids  were  separated  according  to  A.O.C.S.  method  for  the  titer 
determination. 

These  data  and  Table  II  indicate  that  the  insoluble  bromide 
test  is  not  reliable  for  quantities  of  linolenic  acid  below  2  to  3%. 

It  has  been  suggested  that  when  the  fatty  acids  are  separated 
they  should  be  protected  at  all  times  by  a  blanket  of  nitrogen  and 
that  any  heating  should  be  done  only  in  vacuo.  A  few  samples 
of  soap  were  sent  out,  with  the  following  results: 


Labora¬ 

Sample  1 

Sample  2 

Sample  3 

Sample  4 

tory 

NP  P 

NP  .  P 

NP  P 

NP  P 

7 

Neg.  Neg. 

Neg.  Neg. 

Neg.  Neg. 

Neg.  Neg. 

2 

Neg.  Trace 

Neg.  Pos. 

Neg.  Trace 

Neg.  Pos. 

1 

Neg.  Pos. 

Neg.  Pos. 

Neg.  Pos. 

Neg.  Pos. 

Collabora- 

tor 

. .  Pos. 

. .  Pos. 

. .  Pos. 

. .  Pos. 

NP.  Not  protected.  P. 

Protected. 

In  no  case  were  the  positive  results  confirmed  by  a  melting 
point.  The  literature  indicates  that  the  melting  point  of  the 
hexabromide  derivative  of  linolenic  acid  is  approximately  180°  C. 


Linolenic  Acid  Linoleic  Acid  Total 

Fatty  Fatty  Fatty 


Sample 

Soap 

acid 

Soap 

acid 

Soap 

acid 

1 

0.87 

0.50 

2.20 

2.56 

3.07 

3.06 

2 

0.52 

0.29 

2.68 

2.97 

3.20 

3.26 

3 

0.51 

0.51 

2.14 

2.47 

2.65 

2.98 

All  results  calculated  to  the  same  basis  for  comparison. 

While  these  differences  are  significant  from  the  viewpoint  of 


Table  II.  Mixture  of  Palmitic  and  Soybean  Oil  Acids 


%  Linolenic  Acid 


Precipitate  Formed  with 
Insoluble  Bromide  Test 


1.1 

1.8 

3.0 

4.0 


Negative 

Negative 

Positive 

Positive 


Table  III.  Congeal  Point 


Laboratory 

A.O.C.S. 

Cloud 

,  Method 
Congeal 

Proposed  Method 
Cloud  Congeal 

2 

31.4 

Sample  1 

32.0 

26.8 

31.9 

12 

27.1 

32.6 

4 

30.2 

30.7 

27.4 

32.4 

13 

30.0 

32.6 

7 

29.6 

30.4 

27.5 

32.2 

2 

30.9 

Sample  2 

31.3 

26.8 

31.1 

12 

26.5 

31.5 

4 

26.2 

31.4 

13 

29.7 

32.3 

7 

28.8 

29.6 

26.4 

30.9 

2 

32.1 

Sample  3 

32.2 

27.1 

30.6 

12 

4 

27.4 

3i,8 

13 

30.0 

32.1 

7 

28.0 

28.6 

27.8 

31.4 

2 

33.2 

Sample  10 

33.6 

28.5 

34.4 

12 

32.0 

32.8 

30.2 

34.9 

4 

30.7 

31.2 

29.1 

34.8 

13 

31.4 

35.2 

7 

30.1 

31.3 

29.2 

33.7 

2 

34.2 

Sample  11 

34.6 

29.5 

36.2 

12 

34.2 

35.0 

30.8 

35.9 

4 

34.4 

34.7 

29.6 

35.7 

13 

31.4 

36.4 

7 

30.6 

3i.8 

29.9 

34.9 

2 

30.7 

Sample  12 

30.8 

22.4 

31.9 

12 

29.0 

31.2 

23.2 

31.7 

4 

27.2 

29.2 

22.4 

31.5 

13 

24.4 

32.0 

7 

27.1 

30.6 

22.6 

31.5 

2 

24.1 

Sample  13 

24.2 

15.5 

22.3 

12 

24.0 

24.2 

18.1 

23.5 

4 

17.6 

18.4 

16.6 

22.2 

13 

15.3 

21.6 

7 

22.0 

22.7 

16.4 

22.0 

2 

30.2 

Sample  14 

30.8 

26.8 

32.0 

12 

30.1 

31.0 

28.4 

32.1 

4 

27.9 

28.2 

27.4 

32.0 

13 

29.8 

32.4 

7 

28.6 

29.4 

27.4 

29.8 

2 

27.8 

Sample  15 

27.9 

26.0 

28.8 

12 

27.5 

28.6 

21.3 

28.8 

4 

23.9 

26.1 

20.6 

28.5 

13 

22.3 

29.0 

7 

28.6 

29.4 

21.0 

27.4 
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accurate  analyses,  they  are  not  so  -in  terms  of  the  sensitivity  of 
the  insoluble  bromide  test.  Further  work  is  required  before  the 
hexabromide  test  can  be  accepted  with  any  degree  of  certainty. 
Motion  was  made,  seconded,  and  carried  that  no  further  work  be 
done  on  this  hexabromide  method  because  it  has  been  demon¬ 
strated  to  be  inexact  and  unreliable. 

Note.  Spectrographic  determinations  were  made  by  Drs. 
Urbain,  Kauffman,  and  Lingard  in  the  Research  Laboratories  of 
Swift  &  Company. 

CONGEAL  POINT 

The  committee  has  done  considerable  work  in  an  attempt  to 
standardize  some  method  for  the  congeal  point.  It  was  found 
that  the  methods  in  use  in  the  industry  were  much  alike  in 
principle  but  varied  in  detail.  Therefore,  these  details  were 
standardized  and  samples  submitted  to  several  committee  mem¬ 
bers.  The  method  in  general  was  as  follows :  The  temperatures, 
apparatus,  and  lighting  were  standardized  and  a  definite  quan¬ 
tity  of  sample  was  stirred  to  the  clouding  point  in  a  water-cooled 
bath.  The  sample  was  then  transferred  to  an  air-cooled  bath, 
and  the  thermometer  fixed  in  one  position  and  allowed  to  remain 
stationary  until  the  temperature  increased  to  a  maximum. 

It  has  been  the  practice  of  some  to  use  a  congeal  point  proce¬ 
dure  which  is  according  to  the  A.O.C.S.  titer  method  except  that 
the  test  is  made  on  the  glycerides  instead  of  on  the  fatty  acids. 
The  samples  sent  out  were  run  by  both  methods.  Some  of  the 
results  are  shown  in  Tab'e  III. 

It  is  apparent  that  nei  her  procedure  is  satisfactory.  Further 
work  is  planned. 

UNSAPONIFIABLE  MATTER 

Time  has  not  permitted  much  work  on  the  unsaponifiable 
method,  although  two  samples  were  sent  out.  These  samples  were 
run  by  the  official  A.O.C.S.  method,  the  continuous  extraction 
method  (S),  and  the  English  S.P.A.  method  (I).  The  results  are 
shown  below: 


Continuous 

Extraction 

Official  A.O.C.S. 

S.P.A. 

Sample 

Sample 

Sample 

Sample 

Sample  Sample 

Laboratory 

1 

2 

1 

2 

1  2 

14 

1.49 

1.44 

1.22 

1.18 

1.85  1.81 

8 

1.16 

1.10 

1.10 

1.28 

15 

1.29 

1.02 

1.21 

0.95 

16 

1.22 

1.19 

1.25 

1.22 

6 

1.31 

1.36 

1.25 

1.27 

7 

1.18 

1.27 

1.05 

1.06 

1.06 

1.23 

1.10 

1.04 

Dr.  Fitelson  of  this  committee,  who  is  referee  on  oil,  fats,  and 
waxes  for  the  A.O.A.C.,  comments  as  follows: 

We  are  now  conducting  A.O.A.C.  collaborative  work  on  meth¬ 
ods  for  unsaponifiable  matter,  and  it  appears,  from  the  results 
obtained  so  far,  that  the  S.P.A.  method  will  be  recommended  as 
the  official  A.O.A.C.  method.  Although  the  continuous  extrac¬ 
tion  method  may  be  satisfactory  for  many  fats,  we  are  convinced 
that  the  S.P.A.  method  has  wider  applicability  and  gives  higher 
and  more  accurate  results. 

Two  members  reported  no  significant  differences  between  re¬ 
sults  when  the  extract  was  dried  according  to  the  A.O.C.S.  official 
procedure  and  in  a  vacuum  oven  at  80°  C.,  providing  the  latter 
was  continued  to  constant  weight.  Additional  work  is  required. 

TABLE  OF  INTERPRETATION  OF  F.A.C.  COLOR  STANDARDS 

About  one  year  ago  this  committee  published  a  table  indicating 
the  visual  relationship  in  intensity  between  the  F.A.C.  color 
standards.  It  is  now  recommended  that  this  table  be  incorporated 
in  the  method  for  the  evaluation  of  color  using  the  F.A.C. 
color  standards  (Table  IV). 

F.A.C.  COLOR  COMPARATOR 

The  committee  has  been  considering  the  adoption  of  some  in¬ 
strument  which  would  furnish  standard  lighting  conditions  and 


Tabic  IV.  Relationship  between  F.A.C.  Color  Standards 

F.A.C.  Tubes  Listed  Below  Are  Equal  to  or  Lighter  Than  the  Cor- 
Tube  No.  responding  Tube  in  the  Left-Hand  Column 

1  1 
3  1,  3 

5  1.  3,  5 

7  1,  3,  5,  7 

9  1,  3,  5,  7,  9 

11  1,  3,  5,  7,  9,  11 

11A  1,  3,  5,  7,  9,  11,  13,  11A 

11B  1,  3,  5,  7,  9,  11,  13,  11A,  11B 

11C  1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  11A,  11B,  11C 

13  1,  3,  5,  7,  9,  11,  13,  11A 

15  1,  3,  5,  7,  9,  11,  13,  15,  11A,  11B 

17  1,  3,  5,  7,  9,  11,  13,  15,  17,  11A,  11B 

19  1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  11A,  11B,  11C 

21  1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  31,  33,  11A,  11B,  11C 

23  1,3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  31,  33,  35,  11A,  11B,  11C 

25  1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  31,  33,  35,  37,  11A, 

1 IB, 11C 

27  1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  27,  31,  33,  35,  37,  39, 

11  A,  1  IB,  11C 

29  1,  3,  5,  7,9,  11,  13,  15,  17,  19,  21,  23,  25,  27,  29,  31,  33,  35,  37, 

39,  41,  43,  11A,  11B,  11C 

31  1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  31,  11A,  11B,  11C 

33  1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  31,  33,  11A,  11B,  11C 

35  1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  31,  33,  35,  11A,  11B,  11C 

37  1,  3,  5,  7,  9,  11,  13,  17,  19,  21,  23,  25,  31,  33,  35,  37,  11A,  11B 

11C 

39  1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  27,  31,  33,  35,  37, 

39,  11A,  11B,  11C 

41  1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  27,  31,  33,  35,  37, 

39,  41,  11A,  11B,  11C 

43  1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  27,  29,  31,  33,  35, 

37,  39,  41,  43,  11A,  11B,  11C 

45  1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  27,  29,  31,  33,  35, 

37,  39,  41,  4  ,  45,  11A,  11B,  11C 


a  uniform  method  of  reading  F.A.C.  colors.  One  such  instrument 
was  constructed  by  the  Fisher  Scientific  Co.,  Pittsburgh,  Pa., 
according  to  the  design  of  Whyte  (5)  and  circulated  to  several 
members  of  the  committee.  This  model  was  not  satisfactory. 
Mr.  Whyte  then  submitted  an  improved  modification  of  his  origi¬ 
nal  instrument  which  was  also  sent  to  several  members  of  the 
committee.  The  principal  objections  raised  to  this  instrument 
were  that  the  sample  and  standards  are  not  viewed  under  identical 
conditions  of  illumination,  and  that  light  from  standards  other 
than  the  one  selected  for  the  comparison  may  reach  the  observer’s 
eye.  The  committee  plans  to  go  further  in  its  search  to  find  a 
suitable  instrument  with  which  to  read  F.A.C.  colors. 


TITER  STIRRING  DEVICE 

The  committee  examined  a  mechanical  stirring  device  for  titers 
which  was  made  by  the  Fisher  Scientific  Co.,  Pittsburgh,  Pa. 
This  unit  was  motor-driven  and  permitted  vertical  stirring  of 
three  samples  of  fatty  acids  at  a  time.  With  a  few  exceptions, 
the  apparatus  permitted  stirring  as  required  by  the  A.O.C.S. 
method.  The  ratio  of  stirring  did  not  exactly  conform  to  re¬ 
quirements.  The  Transite  top  of  each  individual  bath  needed 
redesigning  so  as  to  allow  easy  addition  or  removal  of  water. 
Several  samples  were  stirred  in  this  instrument  and  the  results 
obtained  compared  with  figures  obtained  by  the  official  method. 
The  agreement  was  satisfactory.  Several  minor  suggestions  were 
made,  all  of  which  were  passed  on  to  the  Fisher  Scientific  Co. 


MISCELLANEOUS 

The  committee  has  been  requested  to  study  some  procedure 
by  which  better  to  evaluate  fats  for  soap  production  with  respect 
to  color.  This  problem  is  being  considered  but  the  committee  has 
no  data  to  present  now. 

The  following  people  have  collaborated  with  the  committee  in 
some  part  of  this  program:  G.  W.  Agee,  J.  J.  Ganucheau,  and 
B.  W.  Beadle. 
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Spectrographic  Analysis  of  Magnesium  Alloys 

B.  L.  AVERBACH1 

U.  S.  Radiator  Corporation,  Geneva,  N.  Y. 


This  study  describes  the  spectrography  of  a  magnesium-base  alloy 
containing  6%  aluminum,  3%  zinc,  and  0.20%  manganese.  A 
statistical  analysis  of  the  procedure  indicated  that  an  accuracy  of  at 
least  =*=5%  of  the  contained  element  was  reasonable  for  this  ma¬ 
terial.  In  addition,  methods  of  casting  a  representative  sample  free 
from  microshrinkage  were  investigated. 

THE  spectrographic  process  is  capable  of  accurately  analyz¬ 
ing  constituents  of  fairly  high  percentage  if  sufficiently 
rigid  conditions  are  imposed  on  the  process  and  on  the  sampling 
procedure.  This  paper  describes  a  procedure  for  the  rapid  analy¬ 
sis  of  a  magnesium-base  alloy  with  a  nominal  composition  of  6% 
aluminum,  3%  zinc,  and  0.20%  manganese.  During  the  es¬ 
tablishment  of  this  procedure  a  study  was  made  of  the  repro¬ 
ducibility  of  the  process,  and  of  the  consistency  of  the  sample  it¬ 
self.  As  experience  with  these  analyses  was  gained  it  was  real¬ 
ized  that  extremely  close  control  was  necessary  to  obtain  con¬ 
sistent  results. 

The  spectrographic  equipment  consisted  of  a  spark  generator 
of  the  rotary  spark  type,  a  high-voltage  alternating  current  arc 
source,  a  large  grating  spectrograph,  darkroom  equipment  for 
the  rapid  processing  of  35-mm.  film,  and  a  photoelectric  com¬ 
parator-densitometer  to  measure  the  location  and  density  of  the 
spectral  lines.  All  this  equipment  was  manufactured  by  the 
Applied  Research  Laboratories  and  the  Harry  W.  Dietert  Com¬ 
pany. 

A  flat  sand-cast  disk  was  used  on  a  Petrey  spark  stand.  Dif¬ 
ferent  types  of  specimens  were  found  to  be  subject  to  extreme 
variations  in  the  zinc  and  aluminum  contents,  and  for  this  reason 
methods  of  casting  a  suitable  spectrograph  specimen  were  also 
investigated. 


EQUIPMENT 


clear  film  was  100.  At  a  density  of  1.0,  therefore,  the  transmis¬ 
sion  reading  was  10,  and  at  a  density  of  2.0  the  reading  was  1.0. 
For  accurate  results,  the  transmission  readings  were  confined 
between  80  and  15,  so  that  densities  greater  than  1.0  could  not 
be  used.  No  background  corrections  were  made. 


WORKING  CURVES 

The  preparation  of  emulsion  calibration  and  working  curves 
has  been  adequately  described  (3,  4).  For  the  emulsion  calibra¬ 
tion,  a  ground  quartz  diffusing  plate  1  mm.  thick  was  placed  in 
front  of  the  spark  to  give  better  ub'formity  along  the  length  of 
the  line,  but  this  plate  was  not  us£'  during  the  actual  analyses. 

The  standards  which  were  most  suitable  for  this  application 
were  the  flat  slabs  supplied  by  the  Aluminum  Company  of 
America.  In  several  instances  the  standards  of  the  Dow  Chemi¬ 
cal  Company  were  also  used.  These  standards  were  in  approxi¬ 
mately  the  same  metallurgical  condition  as  the  samples  and  were 
handled  in  the  same  fashion.  The  range  of  chemical  compositions 
of  the  various  constituents  in  the  standards  covered  ranges  which 
were  similar  to  the  range  in  the  samples,  so  that  errors  due  to  the 
effects  of  one  element  on  the  emission  characteristics  of  another 
were  minimized.  Frequent  wet  chemical  checks  were  also  made. 
Both  standards  and  samples  were  sparked  under  the  following 
conditions: 


Power 

Primary  voltage 

Capacitance 

Inductance 

Prespark 

Exposure  time 

Slit 


4/3  kva. 

70  volts 
0.014  mfd. 

0.045  mh. 

10  seconds 

25  to  35  seconds 

60  microns  X  2.6  mm. 


In  the  preparation  of  all  magnesium  samples  and  standards 
the  same  procedure  was  used.  A  0.16-cm.  (0.06-inch)  cut  was 
taken  from  one  surface  with  a  lathe,  and  this  surface  was  sanded 
with  a  No.  120  Aloxite  belt.  This  surface  was  used  against  a 
spectrographically  pure  carbon  rod  in  the  Petrey  stand,  and  the 
conditions  mentioned  above  were  maintained. 


The  spectrograph  was  a  standard  ARL-Dietert  grating  instru¬ 
ment  with  a  dispersion  of  approximately  7  A.  per  mm.  in  the 
first  order.  Thirty-five  millimeter  Eastman  Spectrum  Analysis  I 
film  was  used  and  was  processed  in  the  following  manner: 

1.  Three  minutes  in  D-19  developer  at  70°  F. 

2.  Five  seconds  in  acetic  acid  short  stop 

3.  Three  minutes  in  Eastman  liquid  x-ray  fixer 

4.  Five  minutes  in  running  water 

5.  Rinse  in  distilled  water 

6.  Wipe  with  cellulose  sponge 

7.  One  minute  in  infrared  dryer 

For  excitation,  the  spark  unit  was  used  almost  exclusively. 
Some  effects  of  varying  the  secondary  inductance  are  described 
below,  but  all  work  was  done  with  the  inductance  at  its  lowest 
possible  value,  approximately  0.045  mh.  There  are  indications 
that  even  lower  inductances  may  be  desirable. 

The  comparator-densitometer  was  of  the  type  which  employs 
a  motor-driven  scanning  slit  12  microns  wide  and  1.1  mm.  long. 
This  instrument  was  set  so  that  the  transmission  reading  on 


1  Present  address,  Works  Laboratory,  General  Electric  Co.,  Schenectady, 
N.  Y. 


In  the  choice  of  the  analysis  lines  several  conditions  must  be 
considered : 

1.  There  should  be  no  interfering  lines  of  other  elements  pres¬ 
ent.  For  best  results  the  background  should  also  be  low. 

2.  This  line  should  have  a  suitable  density  for  the  concen¬ 
tration  range  in  which  it  is  used.  For  maximum  accuracy  the 
ratio  of  the  densities  of  the  analysis  line  and  the  reference  line 
should  be  near  unity. 

3.  If  possible,  the  reference  and  analysis  lines  should  be  a 
homologous  pair — that  is,  they  should  react  similarly  to  slight 
changes  in  excitation  conditions.  The  state  of  ionization  is  a 
valuable  guide,  but  not  always  a  completely  reliable  criterion  of  a 
homologous  pair.  After  a  set  of  lines  has  been  used  for  some 
time,  this  condition  may  be  determined  frpm  experience. 

4.  The  standard  and  the  analysis  lines  should  be  as  close  to 
each  other  as  possible  because  of  the  change  in  the  film  gamma 
with  wave  length. 

In  practice  it  was  virtually  impossible  to  obtain  all  these  con¬ 
ditions  for  every  line.  Since  it  was  desirable  to  make  the  entire 
analysis  at  one  exposure,  the  lines  were  split  horizontally  with  a 
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rotating  sector  at  the  secondary  focus.  The  top  half  was  ex¬ 
posed  to  four  times  as  much  light  as  the  bottom  half.  With  this 
arrangement  aluminum,  zinc,  magnesium,  and  manganese  lines 
were  read  on  the  bottom  half,  while  iron,  silicon,  copper,  and 
nickel  were  read  on  the  upper  half. 

For  each  exposure  the  following  lines  were  read: 


Wave  Length, 

A. 

Mg  Reference 

Remarks 

Al 

3587 

3330 

Not  homologous 

Zn 

3302 

3330 

Homologous 

Mn 

2610 

3074 

Homologous 

Si 

2516 

3074 

Homologous 

Fe 

2382 

3074 

Not  homologous 

Cu 

3274 

3074 

Homologous 

Unfortunately  nickel  could  not  be  determined  in  this  exposure, 
and  a  separate  determination  under  the  following  conditions  was 
taken: 


Power 

Prespark 

Exposure 

Inductance 


4/3  kva. 

10  seconds 
50  seconds 
0.365  mh. 


atmosphere  should  be  maintained.  Changes  in  exposure  time 
were  necessary  to  follow  the  changes  in  the  seasons.  A  daily 
record  was  kept  of  the  humidity,  and  it  was  evident  that  as  the 
relative  humidity  increased,  the  exposure  time  increased. 

An  ultraviolet  lamp  was  tried  at  the  rotating  spark  gap.  Pre¬ 
vious  reports  had  indicated  that  irradiation  of  the  rotating 
spark  gap  should  reduce  the  errors  due  to  variations  in  excitation. 
The  lamp  which  was  installed  was  one  of  very  small  output  sup¬ 
plied  by  the  manufacturer.  No  difference  in  reproducibility 
was  discernible  with  the  lamp  in  or  out,  and  the  consistency  stud¬ 
ies  shown  later  were  made  without  the  lamp.  With  the  rotary 
gap  irradiated,  exposures  had  to  be  increased  by  about  5  seconds. 
These  limited  experiments  by  no  means  exclude  the  possibilities 
of  improving  the  reproducibility  by  irradiating  the  rotating  spark 
gap,  since  the  original  experiments  were  made  with  a  much  more 
powerful  ultraviolet  lamp  (about  250  watts). 

In  addition  to  these  uncontrollable  variables,  there  was  a  set 
of  variables  which  could  be  controlled.  The  4/3  kva.  power  tap 
was  chosen  to  give  readable  line  densities  with  a  reasonable  ex¬ 
posure  time.  At  the  rotating  spark  gap  a  voltage  of  80  volts 
was  first  used.  Later  trials,  however,  indicated  that  70  volts 


The  additional  exposure  and  inductance  seemed  to  sensitize 

Ni  3415 

the  nickel  line,  so  that  the  ^  3074  Pa*r  was  suitable  for  nickel 

contents  as  low  as  0.001%.  None  of  the  samples  contained  a  de¬ 
tectable  amount  of  nickel,  but  since  the  specifications  allow  only 
0.01%  nickel,  it  was  necessary  to  check  each  heat  for  its  presence. 

In  some  instances  plain  glass  filters  made  from  microscope 
cover  glasses  were  tried  directly  in  front  of  the  film  to  reduce  the 
intensity  of  a  particular  line.  These  filters  were  very  satisfactory, 
since  they  allowed  the  exposure  condition  to  be  adjusted  so  that 
the  ratios  of  the  densities  of  the  analysis  and  reference  lines  were 
close  to  unity.  The  filter  did  not  affect  the  shape  or  slope  of  the 
working  curves,  but  for  the  above  procedure  no  filters  were  used. 

Figure  1  shows  some  of  the  working  curves  for  aluminum,  zinc, 
and  manganese.  Similar  curves  were  used  for  silicon,  copper, 
iron,  and  nickel. 

The  usability  of  these  curves  is  dependent  to  a  large  extent 
on  the  slope.  If  the  curve  is  too  steep  it  is  impossible  to  deter¬ 
mine  the  element  concentration  with  any  degree  of  accuracy,  and 
if  it  is  excessively  shallow  it  is  difficult  to  cover  the  permissible 
range  with  one  curve.  The  accuracy  of  the  aluminum  deter¬ 
mination,  shown  in  Figure  1,  is  particularly  sensitive  to  the  slope 
because  of  the  large  percentage  of  contained  aluminum.  At 
3587  A.  the  fine  is  broad  and  diffuse  and  is  actually  composed  of 
a  number  of  lines.  Experience  showed,  however,  that  it  followed 
the  aluminum  content  faithfully  and  seemed  to  have  the  shallow¬ 
est  slope  of  the  available  aluminum  lines. 

Theoretically  these  curves  should  be  good  indefinitely,  but 
they  must  be  frequently  checked  against  standards.  For  small 
variations  from  the  curve,  small  corrections  may  be  made,  but  if 
the  correction  is  greater  than  5%  of  the  contained  element,  the 
entire  curve  should  be  redetermined.  The  exact  causes  for  some 
of  these  shifts  have  not  been  satisfactorily  explained.  It  is  very 
seldom  that  the  entire  set  of  elements  will  shift  at  the  same  time. 
In  this  particular  system  zinc  and  aluminum  seemed  to  be  the 
worst  offenders,  but  even  then  they  seldom  shifted  together. 

It  is  well  known  that  the  primary  input  voltage  should  be 
carefully  controlled  for  the  maxim um  accuracy.  For  the  best 
results  a  large  motor  generator  set  should  be  used.  Unfortu¬ 
nately  the  225-volt  input  to  this  installation  came  directly  from 
the  line,  and  this  may  have  been  a  contributing  factor  to  the  curve 
shifting.  When,  however,  the  input  voltage  was  deliberately 
varied  from  200  to  240  it  was  impossible  to  reproduce  these  shifts 
consistently. 

Changes  in  humidity  are  often  blamed  for  these  variations,  and 
for  the  best  results  a  constant-temperature,  constant-humidity 


RATIO  Zn  3302 

Mg  3330 


RATIO  Al  3587 
Mg  3330 


Figure  1.  Working  Curves  for 
Aluminum,  Manganese,  and  Zinc 


June,  1945 
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Table  I.  Effect  of  Inductance  on  Line  Densities  and  Intensity  Ratios 

Line  _ Transmission  Readings _ 

Inductance,  Millihenrys 


0.045 

0.090 

0,180 

0.365 

0.730 

1.095 

1.46 

Fe  2382 

T 

06.0 

67.0 

58.5 

73.0 

92.5 

R 

0.74 

0.61 

0.55 

0.39 

0.35 

Si  2516 

T 

78.0 

72.0 

48.0 

39.0 

64.5 

88 'o 

R 

0.58 

0.56 

0.65 

0  68 

0.73 

0.73 

Mil  2610 

T 

80.0 

79  0 

77.0 

86.0 

96.0 

R 

0.55 

0.48 

0.40 

0.29 

0.26 

Mg  3074 

T 

46.0 

36.0 

22.5 

19.0 

44.0 

77.0 

92^0 

Cu  3274 

T 

58.0 

55.0 

29.0 

22.0 

35.0 

64.0 

78.0 

R 

0.83 

0.75 

0.88 

0.95 

1.15 

1.29 

1.61 

Zn  3302 

T 

24.5 

11.0 

3.5 

1.2 

2.8 

6.9 

18.0 

R 

1.39 

1.69 

1  60 

1.44 

1.51 

1.52 

1.57 

Mg  3330 

T 

44.0 

32.0 

10.0 

2.9 

7.0 

19.5 

41  0 

A1 3587 

T 

16.5 

46  0 

70.0 

90.0 

R 

1.68 

0.77 

0  31 

0.08 

T.  Average  of  three  transmission  readings. 

R.  Intensity  ratio,  Zn,  A1  with  3330;  others  with  3074.  Power  4/3  kva. 
Line  voltage  235  volts;  input  voltage  70  volts.  Aperture  2,  Sector  4  to  1, 
slit  60  microns,  prespark  10  seconds,  exposure  50  seconds.  Inductance  was 
the  only  thing  changed  during  the  experiment. 

> 


provided  more  uniform  results,  partly  because  the  lower  voltage 
could  be  maintained  at  a  more  constant  level. 

The  spacing  between  the  tungsten  points  of  the  rotor  and  the 
stator  of  the  rotating  gap  was  very  critical.  A  spacing  of 
0.25  mm.  (0.010  inch)  was  maintained,  and  the  points  were 
turned  and  spaced  frequently  to  ensure  their  accurate  alignment. 
For  the  best  results  this  adjustment  should  be  made  after  a 
number  of  exposures,  so  that  the  entire  system  is  somewhat 
near  its  operating  temperature.  Starting  from  cold,  the  same 
time  of  exposure  produced  stronger  and  stronger  lines  until  the 
operating  temperature  was  reached.  Bringing  the  points  too 
close  together  reduced  the  voltage  markedly,  and  if  the  back  and 
front  gaps  were  not  equally  spaced  erratic  results  were  produced. 
Too  much  emphasis  cannot  be  placed  on  maintaining  the  proper 
spacing  at  the  rotary  gap. 


3330  Mg 

Figure  2.  Frequency  Distribution  Chart  for 
Aluminum 


To  prevent  sparking  between  the  specimen  and  the  stage  it  was 
necessary  to  keep  the  stage  clean  with  fine  emery  paper  and  to 
place  a  weight  on  the  disk  while  it  was  being  sparked.  It  was 
also  necessary  to  keep  the  stage  clean  at  the  points  where  it  con¬ 
tacted  the  carbon  rod,  and  to  keep  a  high  pressure  on  the  spring 


clip  holding  the  carbon  rod  against  the  stage.  If  this  was  not 
done;  discharges  were  apt  to  occur  at  other  places  in  the  circuit. 

Attempts  to  use  the  high-voltage  alternating  current  arc 
showed  that  this  method  was  not  so  consistent  as  the  spark 
process  for  the  high  percentage  elements.  For  minor  constitu¬ 
ents  such  as  iron,  copper,  silicon,  and  nickel  it  was  suitable,  but 
there  was  a  saving  in  time  by  making  the  complete  analysis  at 
one  exposure  with  the  spark  unit. 

Changing  the  secondary  inductance  had  a  selective  effect  on 
the  density  of  the  individual  lines.  Table  I  shows  the  transmis¬ 
sion  readings  for  a  series  of  exposures  in  which  only  the  inductance 
was  changed.  As  the  iriductance  increased,  the  density  of  the 
iron  line  first  increased  slightly  and  then  became  very  weak. 
The  intensity  ratio,  however,  showed  a  steady  decrease.  The 
silicon  line  also  went  through  a  maximum  density  but  the  ratios 
showed  a  steady  increase  as  the  inductance  increased.  Manga¬ 
nese  showed  only  a  slight  effect,  but  as  the  inductance  increased 
it  tended  to  disappear. 

Magnesium  3074  and  3330  both  went  through  a  maximum  in¬ 
tensity  at  0.365  mh.  Copper  and  zinc  also  passed  through  a 
maximum  intensity  at  the  same  value  of  inductance.  Alumi¬ 
num,  however,  tended  to  become  extremely  light  as  the  induc¬ 
tance  increased,  and  eventually  the  line  disappeared. 

A  suitable  system  can  probably  be  worked  out  for  any  of  these 
inductance  values,  but  all  other  work  in  this  report  was  performed 
at  the  lowest  possible  inductance.  In  fact,  the  above  data  sug¬ 
gest  that  even  lower  inductances  should  be  tried. 

PROCESS  REPRODUCIBILITY 

To  check  the  reproducibility  of  the  process  a  run  of  108  de¬ 
terminations  was  made  on  a  standard  disk  of  the  following  com¬ 
position  : 


% 


A1 

5.83 

Zn 

3.21 

Mn 

0.21 

Mg 

Balance 

All  determinations  were  made  on  the  same  day  with  all  ele¬ 
ments  of  the  process  carefully  controlled.  Frequency-dispersion 
curves  were  drawn  using  the  standard  terminology  of  the  A.S.- 
T.M.  (1).  For  convenience,  a  brief  description  of  the  terms  used 
is  given. 

X  =  arithmetic  average 
Mode  =  value  which  occurs  most  frequently 

<r  =  standard  deviation  =  the  square  root  of  the  average  of 
the  squares  of  the  deviations  of  a  set  of  N  number 
from  their  average,  X 

V  =  coefficient  of  variation  =  ratio  of  the  standard  de¬ 
viation  to  the  average  =  100  cr/X 
N  =  number  of  determinations 

Figure  2  shows  the  frequency  dispersion  characteristics  of  the 
aluminum  determination  expressed  as  a  function  of  the  intensity 
ratios. 

For  aluminum:  a  =  0.058  intensity  unit 

V  =  4.92% 

If  these  deviations  are  expressed  as  percentages  of  aluminum : 

O-  =  0.26%  A1 

V  =  4.46%  of  the  aluminum  present 

To  aid  in  the  interpretation  of  these  results  the  following  addi¬ 
tional  statements  may  be  made: 

If  X,  a,  and  N  are  stated,  more  than  ^  1  —  of  the  total  num¬ 
ber  N  observations  lie  within  the  closed  range,  X  ±  t<j.  This  is 
true  even  if  the  results  are  obtained  under  uncontrolled  condi¬ 
tions.  Stated  another  way,  at  least  75%  of  the  results  must 
lie  within  ±2<r. 
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However,  if  we  can  make  the  additional  statement  that  the 
data  were  obtained  under  controlled  conditions,  then  the  results 
may  be  expected  to  fall  within  the  limits  expressed  by  the  nor¬ 
mal  law  integral.  In  this  case  at  least  68.27%  are  within  X  ±  <x 
and  at  least  95.45%  are  within  X  ±  2 <r. 

A  glance  at  Figure  2  for  aluminum,  and  Figures  3  and  4  for 
zinc  and  manganese,  shows  that  for  the  conditions  used  here,  the 
results  may  be  confined  within  the  following  limits: 


A1 

81%  within  X  =±=  <j 

Zn 

85%  within  X  <r 

Mn 

92.5%  within  X  =±=  <r 

In  other  words,  conditions  were  sufficiently  standardized  to  be 
labeled  as  controlled  conditions. 

Figure  3  shows  the  same  data  for  zinc  and  Figure  4  for  man¬ 
ganese.  These  data  may  be  summarized  as  follows: 


a 

V 

%  of  Readings  within  ±  a 

A1 

0.26 

4.46% 

81 

Zn 

0.16 

5.0 

85 

Mn 

0.012 

5.7 

92.5 

From  these  data  we  can  say  that  for  aluminum  in  this  range 
the  accuracy  may  be  expressed  as  follows: 

5.83  ±  0.26%  and  81%  of  the  readings  will  be  within  the  ex¬ 
pressed  range.  Similar  expressions  may  be  written  for  the  zinc 
and  manganese.  The  manganese  determination  is  the  most 
accurate,  since  we  may  say  0.210%  Mn  =  0.012  and  92.5%  of  the 
readings  will  fall  within  the  expressed  range. 


RATIO  3 SO 2  Zn 
3330  Mg 


Figure  3.  Frequency  Distribution  Chart  for  Zinc 


These  results  are  based  on  108  determinations  on  the  same 
sample.  In  practice  three  closely  spaced  determinations  were 
taken  and  the  average  of  the  three  was  used  as  the  result.  The 
average  of  these  three  has,  of  course,  a  greater  possibility  of 
falling  within  the  limits  of  =*=<r  than  has  any  single  value.  On 
test  pieces  free  from  microshrinkage,  checks  of  the  spectrograph 
with  wet  chemical  analyses  showed  that  for  aluminum,  zinc,  and 
manganese  results  were  accurate  within  ±5%  of  the  contained 
element. 

SAMPLE  CONTROL  . 

The  above  data  on  reproducibility  included  any  deviations 
in  the  standard  disk  as  well  as  in  the  spectrographic  process,  but 


RATIO  26 IQ  Mn 
3074  MQ 


Figure  4.  Frequency  Distribution  Chart  for 
Manganese 


Figure  5.  Vertical  Chill-Cast  Disk,  Type  1 


in  the  limiting  case,  the  process  can  be  no  more  consistent  or  re¬ 
liable  than  the  sample  itself.  Radiographs  of  the  standard 
disks,  on  which  the  consistency  studies  were  made,  showed  that 
they  had  substantial  areas  free  from  microshrinkage,  and  could 
therefore  be  assumed  to  be  fairly  uniform.  The  consistency 
studies  bore  this  out,  but  some  standards  were  far  more  consistent 
than  others. 

When  the  problems  of  sampling  950  kg.  (2000  pounds)  of  mol¬ 
ten  magnesium  in  a  representative  fashion  arise,  the  conditions 
are  somewhat  different.  Six  different  types  of  production  speci¬ 
mens  were  tried.  These  are  described  in  Table  II  and  illustrated 
in  Figures  5,  6,  7,  and  8. 

Several  different  types  of  specimens  were  made  from  the  same 
ladle  for  comparison  purposes.  The  sand-cast  disks  were  all 
attached  to  the  standard  test  bar  patterns  as  illustrated  in  Fig¬ 
ures  6,  7,  and  8.  The  chill  mold  was  manufactured  by  the  H.  W. 
Dietert  Company  and  in  use  was  preheated  to  about  400°  F. 
before  pouring.  All  these  specimens  were  poured  from  regular 
production  heats  at  1350°  to  1400°  F. 

For  analysis  each  specimen  was  then  divided  into  four  equal 
quadrants,  as  shown  in  Figure  9. 

Each  specimen  was  radiographed,  and  then  the  quadrants 
were  analyzed  spectrographically.  These  determinations  were 
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Figure  6.  Horizontal  Sand-Cast  Disk,  Type  2 


made  within  a  1.25-cm.  (0.5-inch)  spot  on  each  quadrant,  and 
the  average  of  these  three  was  then  taken  to  represent  the  analy¬ 
sis  of  the  quadrant.  These  quadrants  were  then  sawed  out  and 
analyzed  for  zinc  and  aluminum  by  gravimetric  methods  (#). 

Table  III  summarizes  the  results  for  the  chill-cast  disk,  which 
is  illustrated  in  Figure  5.  Radiographs  of  these  disks  indicated 
that  each  had  concentrations  of  heavy  microshrinkage  in  quad¬ 


Table  II.  Types  oF  Flat  Specimen  Disks 


Type  Description  Figure 

1  Vertical  chill-cast,  2.5  X  3/ 16  inches  5 

2  Horizontal  sand-cast  23/i6  X  3/i6  inches  attached  to  test 

bar  nxold  6 

3  Horizontal  sand-cast,  23/i6  X  3/i6  inches,  chilled  on  one 

side  in  the  mold 

4  Horizontal  sand-cast  ring,  23/i6  X  3/i6  inches,  with  1 

inch  central  hole  7 

5  Horizontal  sand-cast  disk  23/i6  X  3/i6  inches,  with  1 

inch  blind  riser  in  center  8 

6  Vertical  slab,  1.375  inches  wide,  2.5  inches  high,  0.5 

inch  thick  at  bottom,  0.375  inch  thick  at  top,  at¬ 
tached  to  riser  of  test  bar  mold  7 


Table  III. 

Chill-Cast  Spectrographic 

Disks 

(Heat  4384,  Type  1) 

Method  of 

Quad¬ 

Analysis 

rant 

A1 

Zn 

Mn 

Fe 

Si 

Cu 

Disk  Y 

Spectro 

1 

5.70 

2.60 

0.197 

0.059 

0.052 

0.006 

Wet 

5.43 

2.62 

Spectro 

2 

6.07 

3.03 

0.195 

0  064 

0.072 

0.009 

Wet 

5.88 

3.01 

Spectro 

3 

6.17 

3.08 

0.189 

0  060 

0.070 

0.009 

Wet 

5.85 

2.95 

Spectro 

4 

6.08 

2.90 

0.193 

0.054 

0.070 

0.008 

Wet 

5.83 

2.71 

Disk  P 

Spectro 

1 

5.52 

2.55 

0.195 

0.040 

0  051 

0.006 

Spectro 

2 

5.88 

2.90 

0.192 

0  040 

0.070 

0.006 

Spectro 

3 

6.30 

3.06 

0.192 

0  037 

0.068 

0  009 

Spectro 

4 

6.18 

3.16 

0.188 

0  031 

0  072 

0.009 

rant  1,  directly  in  front  of  the  gate.  For  this  reason  quadrant  1 
would  be  expected  to  be  low  in  zinc  and  aluminum,  and  Table 
III  shows  that  this  area  was  considerably  lower  in  zinc  and  alumi¬ 
num  than  the  other  three  quadrants. 

Table  IV  gives  a  similar  study  for  the  horizontally  sand-cast 
disks  shown  in  Figure  6.  These  disks  were  from  the  same  heat  as 
the  previous  chill-cast  disks,  and  the  first  quadrant — that  is,  the 
quadrant  containing  the  gate — was  low  in  zinc  and  aluminum 
to  about  the  same  extent  as  the  chill-cast  disk.  The  remaining 
three  quadrants  of  the  sand-cast  disk  were,  however,  somewhat 
more  uniform  than  the  corresponding  ones  in  the  chill-cast  disk. 
Zinc  content  was  extremely  sensitive  to  microshrinkage  and  the 


Figure  7.  Horizontal  Sand-Cast  Ring,  Type  4 

Vertical  sand-cast  ear  attached  to  riser,  Type  6 


Figure  8.  Horizontal  Sand-Cast  Disk  with  Blind 
Riser,  Type  5 


346 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  17,  No.  6 


Table  IV.  Sand  Cast  Spectrographic  Disks 


(Type  2) 

Method  of 

Quad¬ 

Analysis 

rant 

A1 

Zn 

Mn 

Fe 

Si 

Cu 

Disk  E,  Heat  4384 

Spectro 

1 

6.15 

3.05 

0.188 

0.024 

0.053 

0.008 

Wet 

5.50 

2.71 

Spectro 

2 

6.13 

3.18 

0.192 

0.046 

0.066 

0.009 

Wet 

5.98 

2.92 

Spectro 

3 

6.13 

3.16 

0.191 

0.038 

0.071 

0.009 

Wet 

5.92 

3.09 

Spectro 

4 

6.20 

3.20 

0.183 

0.032 

0.063 

0.010 

Wet 

5.98 

3.01 

Disk  E,  Heat  4411 

Spectro 

1 

6.18 

2.98 

0.177 

0.022 

0.057 

0.006 

Wet 

5.45 

2.70 

Spectro 

2 

6.15 

3.10 

0.184 

0.020 

0.060 

0.006 

Wet 

5.80 

2*94 

Spectro 

3 

5.97 

2.98 

0.178 

0 . 0'2 1 

0.061 

0.005 

Wet 

5.80 

2.98 

Spectro 

4 

6.25 

2.91 

0.178 

0.022 

0.059 

0.006 

Wet 

5.75 

2.99 

variation  in  the  zinc  analyses  was  particularly  wide.  Figure  10 
shows  radiographs  of  both  types  of  specimens. 

At  first  glance  the  spectrographic  results  seem  to  be  consists 
ently  in  error  on  the  high  side.  This  is  due  to  the  fact  that  each 
quadrant  contains  some  microshrinkage.  A  wet  chemical  analysis 
which  dissolves  this  entire  quarter  might  be  considerably  lower 
in  zinc  and  aluminum  than  a  spot  spectrographic  process  which 
is  able  to  hit  areas  completely  free  from  microshrinkage.  As  a 
matter  of  fact,  radiographs  on  which  the  spectrographic  spots 
for  the  previously  mentioned  disks  were  located  showed  that, 
with  the  exception  of  the  first  quadrant,  practically  all  spots  oc¬ 
curred  on  areas  substantially  free  from  shrinkage.  Under  these 
conditions,  the  spectrographic  results  could  be  expected  to 
average  somewhat  higher  for  zinc  and  aluminum  than  the  more 
inclusive  wet  chemical  analyses. 


Figure  10.  Radiographs  of  Disks 

Above.  Chill-cast.  Below.  Horizontal  sand-cast 


GATE 


Disk  and  eat  divided  into  quadrants  (or  chemical  analysis 


aligned.  An  entire  set  of  new  analysis  and  emulsion  calibration 
curves  had  been  drawn,  and  after  the  runs  had  been  made,  a 
standard  was  sparked  again  with  the  following  results: 


Standard  certified  analysis 
Cheek  results 


A1  Zn 

5.83  3.21 

5.82  3.25 


Mn  Fe 

0.210  0.040 

0.210  0.051 


Apparently  conditions  had  been  maintained  with  reasonable 
uniformity.  The  wet  chemical  analyses  checked  reasonably 
well  with  the  spectrograph  on  sound  samples.  When  micro- 
shrinkage  was  present  the  two  methods  of  analysis  varied  to  a 
somewhat  greater  extent. 


A  glance  at  Tables  III  and  IV  shows  that  quadrant  1  was  al¬ 
most  0.5%  lower  in  zinc  and  aluminum  than  the  remainder  of  the 
disk.  The  radiographs  showed  that  these  low  areas  correspond 
almost,  exactly  with  the  areas  of  heavy  microshrinkage.  Micro¬ 
shrinkage  is  caused  by  the  failure  of  the  low-melting  ternary 
eutectic  to  fill  the  last  voids  as  the  metal  solidifies.  Since  this 
eutectic  is  considerably  higher  in  zinc  and  aluminum  than  the 
average  analysis,  its  failure  to  flow  into  these  last  interstices 
causes  the  average  analysis  to  be  low  in  zinc  and  aluminum. 
Manganese  does  not  enter  into  the  eutectic  reaction,  and  the 
analyses  show  that  the  concentration  of  this  element  remains 
remarkably  constant  over  the  entire  disk. 

Previous  to  this  series  of  experiments,  the  entire  optical  and 
electrical  system  of  the  spectrograph  had  been  checked  and  re- 


Table  V.  Chilled  Sand-Cast  Spectrographic  Disks 

(Heat  4384,  Type  3) 


Method  of 

Quad¬ 

Analysis 

rant 

U 

Zn 

Mn 

Fe 

Si 

Uu 

Disk  M 

Spectro 

1 

5 

.65 

3.10 

0. 

184 

0 

.028 

0 

.070 

0. 

OOP 

Spectro 

2 

5 . 

94 

3.20 

0. 

193 

0 

.029 

0 

.071 

0. 

OOP 

Spectro 

3 

5 

78 

2.98 

0. 

187 

0 

.028 

0 

.054 

0. 

007 

Spectro 

4 

5 

.87 

3.01 

0. 

191 

0 

.029 

0 

.059 

0 

007 

Disk  O 

Spectro 

1 

5 

.94 

2.94 

0. 

197 

0 

.026 

0 

.061 

0 

.007 

Spectro 

2 

6 

.20 

3.04 

0 

.182 

0 

.021 

0 

.050 

0 

.008 

Spectro 

3 

5 

.81 

2.88 

0. 

199 

0 

.041 

0 

059 

0 

.007 

Spectro 

4 

6 

.08 

3.12 

0 

.195 

0 

.023 

0 

.063 

0 

.009 
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From  these  experiments  it  became  evident  that  for  uniform 
results  it  was  necessary  either  to  obtain  a  sample  free  from  micro- 
shrinkage,  or  to  obtain  a  specimen  in  which  the  microshrinkage 
was  always  present  in  the  same  region,  so  that  it  could  be  avoided. 
Until  a  better  specimen  was  developed,  all  analysis  was  performed 
on  quadrant  3  in  the  horizontally  sand-cast  disk.  By  confining 
the  work  to  this  quadrant  the  extreme  variations  shown  in  the 
first  quadrant  could  be  avoided. 

First  the  gate  on  the  sand-cast  specimen  was  increased  from 
1.25  X  0.47  cm.  (0.5  X  0.19  inch)  to  0.3  X  5  cm.  (0.125  X  2 
inches).  This  flood-gating  produced  spotty  microshrinkage 
throughout  the  disk. 

The  gate  was  then  reduced  back  to  1.25  X  0.47  cm.  (0.5  X  0.19 
inch)  and  the  disk  was  moved  from  the  cope  to  the  drag.  This 
specimen  was  substantially  the  same  as  the  original  sand-cast 
disk.  A  blind  riser,  2.5  cm.  (1  inch)  round  at  the  base  and  5  cm. 
(2  inches)  high,  was  then  placed  at  the  center.  This  type  of  disk 
is  shown  in  Figure  8.  Radiographs  showed  that  there  was  heavy 
microshrinkage  in  the  first  quadrant.  The  rest  of  the  disk  was 
sound. 

Table  VI  shows  that  the  results  were  very  uniform  for  quad¬ 
rants  2,  3,  4,  and  a  large  number  of  observations  showed  that  the 
microshrinkage  was  always  located  at  the  same  point.  When 


Figure  11.  Radiographs 

Above.  Vertical  sand-cast  sample 
Center,  Horizontal  sand-cast  disks  with  1-inch 
blind  riser  in  center 

Below.  Sand-cast  rings 


Table  VI.  Sand-Cast  Disk  with  1  -Inch  Blind  Riser  in  Center 


(Type  5,  Heat  4631) 

Method  of 

Quad¬ 

Analysis 

rant 

A1 

Zn 

Mn 

Fe 

Si 

Cu 

Disk 

K 

Spectro 

1 

6  00 

2.86 

0.193 

0  025 

0.067 

0  010 

Wet 

5.98 

3.01 

Spectro 

2 

5.87 

3.00 

0  194 

0  021 

0.066 

0  012 

Wet 

5.95 

3.04 

Spectro 

3 

5.84 

2.98 

0.193 

0  022 

0  064 

0  014 

Wet 

5.90 

3.08 

Spectro 

4 

5.92 

3.06 

0.197 

,0  019 

0.062 

0  012 

Wet 

5  98 

3.07 

Disk  L 

Spectro 

1 

5.86 

3.04 

0.198 

0  022 

0  069 

0.013 

Wet 

5.91 

3.04 

Spectro 

2 

5.85 

2.98 

0  201 

0  024 

0.067 

0.013 

Wet 

5.77 

2.88 

Spectro 

3 

6.03 

3.04 

0  194 

0  024 

0.064 

0  012 

Wet 

5.89 

3.07 

Spectro 

4 

5.93 

3  07 

0  194 

0.020 

0.062 

0.012 

Wet 

5.88 

3  06 

A  0.75-inch  hole  was  drilled  from  the  center  of  the  disk  before  dividing 
for  wet  chemical  analyses. 


Table  VII.  Ring  Sample  with  1-Inch  Hole  in  Center 

(Type  4,  Heat  4675) 

Method  of  Quad- 


Analysis 

rant 

A1 

Zn 

Mn 

Fe 

Si 

Cu 

Spectro 

Wet 

1 

6.03 

5.79 

2  42 
2.95 

0.172 

0  046 

0.051 

0  005 

Spectro 

Wet 

2 

5.65 

5.71 

2.68 

2.90 

0  175 

0  021 

0.065 

0.008 

Spectro 

Wet 

3 

6.45 

a 

2.74 

2.98 

0.169 

0.015 

0.065 

0.005 

Spectro 

Wet 

4 

6  02 
a 

3  16 

2  94 

0  194 

0.025 

0  073 

0.009 

°  Determinations  erratic. 


the  wet  chemical  analyses  in  Table  VI  were  made,  therefore,  the 
portion  in  the  center  with  the  heavy  shrinkage  was  drilled  out, 
since  this  area  could  always  be  avoided  with  the  spectrograph. 
Specimens  of  this  type  were  very  satisfactory  if  precautions  were 
taken  to  stay  out  of  the  center  and  the  first  quadrant.  This 
specimen  checked  closely  with  the  wet  chemical  analyses. 

In  an  attempt  to  eliminate  the  shrinkage  from  this  disk  a 
large  cast-iron  chill  was  molded  in  the  drag  directly  below  the 
gate  and  riser.  The  shrinkage  disappeared  from  the  gate  and 
center  but  reappeared  as  a  fringe  of  microshrinkage  around  the 
edge  of  the  chill.  This  was  undesirable,  and  this  type  of  specimen 
was  abandoned. 

Next  a  ring  was  cast,  as  shown  in  Figure  7.  A  1.25  X  0.47 
cm.  (0.5  X  0.19  inch)  gate  was  used  and  the  central  hole  was 
2.5  cm.  (1  inch)  round.  Radiographs  showed  that  there  wa,s 
radial  microshrinkage  distributed  throughout  the  entire  speci¬ 
men.  Wet  chemical  analyses,  shown  in  Table  VI,  were  uniform 
because  of  the  evenly  distributed  microshrinkage,  but  it  was 
difficult  to  check  spectrographic  results  against  chemical  results, 
since  there  were  many  spots  of  extreme  shrinkage  randomly 
distributed  through  the  sample.  On  this  basis,  the  specimen 
was  considered  unsuitable  for  analysis.  Radiographs  of  this 
disk  are  shown  in  Figure  11. 

Departing  on  a  radically  different  approach,  a  vertical  speci¬ 
men  was  attached  to  the  riser  of  the  test  bars  as  shown  in  Figure 
7.  This  specimen  was  1.25  cm.  (0.5  inch)  thick  at  the  base  and 
0.9  cm.  (0.375  inch)  at  the  top.  It  was  3.44  cm.  (1.375  inches) 
wide  and  6.25  cm.  (2.5  inches)  high.  With  this  method  the 
metal  was  fed  progressively  to  the  top  and  there  was  an  additional 
pressure  from  the  large  riser  next  to  the  ear.  Radiographs 
shown  in  Figure  11  showed  that  there  was  little  microshrinkage 
in  this  specimen. 

Table  VII  shows  the  analyses  for  some  of  these  specimens, 
divided  for  analysis  as  shown  in  Figure  9. 

The  vertical  ears  showed  surprisingly  good  consistency  within 
each  quadrant,  but  the  variations  from  quadrant  to  quadrant 
were  surprisingly  large,  even  though  no  microshrinkage  had  been 
detected.  Possibly  the  specimen  was  too  thick  to  prevent  gross 
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segregation,  but  at  any  rate,  the  possibility  of  obtaining  a  very 
low  reading  on  zinc  or  aluminum  was  virtually  eliminated. 

Figures  12  and  13  show  the  striking  effect  of  microshrinkage 
on  the  aluminum  and  zinc  contents.  A  longitudinal  slice  was 
taken  from  a  commercial  ingot,  radiographed,  and  then  spot- 
analyzed  by  the  spectrograph.  Each  point  on  the  chemical 
traverse  is  the  average  of  three  determinations.  The  area  of 
microshrinkage  shown  in  Figure  12  is  outlined  on  13,  and  within 
this  area  the  zinc  and  aluminum  contents  are  0.5  to  0.75%  lower 
than  in  the  sound  areas.  Wet  chemical  analyses  confirmed  these 
results.  This  is  a  striking  argument  for  avoiding  areas  of  heavy 
shrinkage. 


Figure  12.  Radiograph  of  Longitudinal  Slice 
through  an  Ingot 


The  choice  of  an  analytical  specimen  is  one  of  individual  pref¬ 
erence.  Certainly,  areas  of  microshrinkage  should  be  avoided, 
since  they  are  in  no  way  representative  of  the  sound  metal  in  the 
heat.  Precautions  should  be  taken  to  use  a  specimen,  or  a  part 
of  a  specimen,  which  has  been  demonstrated  to  be  consistently 
sound,  to  ensure  that  metal  free  from  shrinkage  is  used  for  analy¬ 
sis.  Only  then  can  the  spectrograph  be  expected  to  check  with 
the  wet  chemical  methods. 

In  this  laboratory,  the  chill-cast  specimen  was  rejected  as  en¬ 
tirely  unsuitable,  and  for  a  long  period  satisfactory  analyses  were 
made  on  the  second  and  third  quadrants  of  the  sand-cast  disk 
shown  in  Figure  12.  This  specimen  also  had  the  advantage  of 
being  automatically  obtained  for  each  heat,  since  test  bars  were 
required  for  every  heat.  The  sand-cast  vertical  specimen  was 
free  of  shrinkage  but  needs  further  exploration.  For  the  great¬ 
est  absolute  accuracy,  the  horizontal  sand-cast  disk  with  the 
blind  riser  was  the  best,  providing  the  center  and  first  quadrant 
were  avoided. 

Several  sand-cast  disks  from  the  same  heat  were  compared  in 
the  as  cast,  solution  heat-treated,  and  solution  heat-treated  and 


Table  VIII. 

Vertical  Sand-Cast  Specimen  Attached  to  Riser 

Method  of 

Quad- 

(Heat  4691,  Type  5) 

Fe 

Si 

Cu 

Analysis 

rant 

A1 

Zn  Mn 

Disk  SV 

Spectro 

Wet 

i 

6.21 

5.78 

2.92  0.193 

2.96 

0.036 

0.072 

0.009 

Spectro 

Wet 

2 

6.13 

5.78 

3.15  0.191 
3.04 

0.036 

0.072 

0.009 

Spectro 

3 

6.35 

5.95 

3.25  0.177 
3.22 

0.032 

0  073 

0.010 

Spectro 

Wet 

4 

6.15 

5.97 

3.08  0.182 
3.20 

Disk  S 

0.031 

0.072 

0.009 

Spectro 

1 

5.95 

2.88  0.184 

0.035 

0.070 

0.009 

2 

6.23 

2.92  0.192 

0.031 

0.072 

0  009 

3 

6.20 

3.18  0.195 

0.034 

0.075 

0.010 

4 

6.45 

3.13  0.187 

0 . 034 

0.070 

0.009 

Figure  1 3.  Chemical  Traverse  of  Ingot  Slice  Shown  in  Figure  1 2 


aged  conditions.  No  improvement  was  apparent  from  the  heat 
treatment,  and  all  specimens  were  used  as  cast. 

Several  attempts  were  made  to  use  a  set  of  pins  or  rods  as 
specimens.  First,  rods  were  drawn  from  the  melt  in  Pyrex  tubes 
by  suction.  This  produced  a  very  satisfactory  rod  but  it  was 
unusually  high  in  silicon,  probably  owing  to  a  reaction  between 
the  molten  magnesium  and  the  glass.  Pins  were  then  cast  in  a 
permanent  mold,  but  preliminary  results  indicated  that  they 
were  no  better  than  the  sand-cast  flats. 

Radiographs  showed  that  it  was  difficult  to  cast  a  sound  rod 
free  from  microshnnkage  in  sand,  Pyrex,  or  permanent  mold. 
Since  none  of  these  pins  was  as  consistent  as  the  best  technique 
on  the  flat  disks,  this  series  of  experiments  was  abandoned. 

CONCLUSIONS 

These  results  are  preliminary,  in  that  they  are  based  on  what  is 
still  a  limited  experience.  It  is  hoped  that  subsequent  observa¬ 
tions  by  a  large  number  of  investigators  will  improve  the  accuracy 
and  reliability  of  the  spectrographic  analysis. 

1.  The  spectrograph  is  capable  of  analyzing  aluminum,  zinc, 
and  manganese  in  a  magnesium-base  alloy  with  an  accuracy  of  at 
least  ±5%  of  the  contained  element.  This  is  true  for  an  alloy 
containing  approximately  6%  aluminum,  3%  zinc,  and  0.2% 
manganese. 

2.  Spectrographic  analyses  should  never  be  made  on  the 
quadrant  of  the  separately  cast  disk  which  contains  the  gate. 
The  presence  of  microshrinkage  causes  extreme  variations  in  the 
zinc  and  aluminum  contents. 

3.  A  horizontal  sand-cast  disk  with  a  blind  riser  and  attached 
to  the  test  bar  mold  provides  the  most  consistent  sample.  The 
areas  next  to  the  gate  and  in  the  center  should  be  avoided. 
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Neopentanc  in  Refinery  Butanes 

L.  C.  JONES,  JR.,  R.  A.  FRIEDEL,  and  G.  P.  HINDS,  JR. 

Houston  Refinery  Research  Laboratory,  Shell  Oil  Company,  Incorporated,  Houston,  Texas 


Qualitative  study  of  a  straight-run  refinery  butane  stream  by  infra¬ 
red  spectrometry  has  established  the  presence  of  a  small  amount  of 
neopentane.  A  spectrophotometric  method  is  described  for  the 
quantitative  analysis  of  the  system  propane,  n-butane,  isobutane, 

THE  occurrence  of  neopentane  in  natural  gasoline  has  been 
reported  (5)  but  no  definite  evidence  of  its  presence  in  crude 
oils  has  been  published.  The  analysis  of  several  crude  oils  by 
the  National  Bureau  of  Standards  (6)  has  failed  to  indicate  the 
presence  of  the  hydrocarbon  in  the  samples  studied.  Further¬ 
more,  low- temperature  distillations  of  butane  and  pentane 
streams  obtained  in  topping  operations  show  no  trace  of  neopen¬ 
tane.  It  is  generally  believed,  therefore,  that  the  compound  is 
not  met  in  refinery  operations.  The  study  of  refinery  butanes 
by  infrared  spectrophotometry  in  this  investigation  has  shown, 
however,  that  this  is  not  the  case. 

QUALITATIVE  DETERMINATION  OF  NEOPENTANE 

An  examination  of  a  portion  of  the  infrared  spectrum  (At 
Figure  1)  of  a  sample  from  a  n-butane  stream  revealed  the  pres¬ 
ence  of  a  weak  absorption  band  near  7.9  mu  which  could  not  be 
attributed  to  n-butane  or  to  either  of  the  known  impurities,  iso. 
butane  and  isopentane,  but  which  corresponded  closely  to  one  of 
the  strong  absorption  bands  for  neopentane,  suggesting  the 
presence  of  that  hydrocarbon  in  low  concentrations.  The  ab¬ 
sorption  spectra  of  the  pure  compounds,  presented  in  Figure  1 


Wave  Length,  Microns 

Figure  1 .  Spectra  of  Refinery  Butanes  and  Pure  Hydrocarbons 
in  2.8  to  4.2  mu  and  7.0  to  8.2  mu  Regions 


r  All  curvet  at  200-mm.  pressure  in  30-cm.  cell.  A,  unfractionated  refinery 
butanes.  B,  concentrate  from  distillation 


neopentane,  and  isopentane.  Determinations  by  this  method  show 
that  neopentane  occurs  in  various  Texas  crudes  to  the  extent  of  about 
0.03%  by  volume.  The  reference  spectra  necessary  for  this  analysis 
are  included. 

for  purposes  of  comparison,  were  obtained  using  a  recording 
infrared  spectrometer  of  high  resolution  (2). 

In  order  to  obtain  more  conclusive  evidence,  the  neopentane 
of  the  n-butane  sample  mentioned  above  was  concentrated  by 
distillation.  The  sample  was  fractionated  in  a  column  of  30 
theoretical  plates  at  a  reflux  ratio  of  24  to  1.  Calculations  based 
on  Smoker’s  equation  (7)  indicated  that  under  these  conditions 
less  than  0.1%  of  neopentane  (on  a  charge  basis)  would  be  lost 
in  the  overhead  product,  n-butane,  when  the  liquid  in  the  kettle 
consisted  of  80%  neopentane.  Actually,  operational  difficulties 
prevented  the  attainment  of  this  degree  of  enrichment. 


Table  I.  Operating  Conditions  for  Spectrophotometric  Analysis  of 


Principal 

Absorber 

Wave 

Length 

Butanes 

Slit 

Width 

Standard 

Pressure 

(10-Cm. 

Cell) 

Shutter 

Filter 

Propane 

Microns 

9.35 

Mm. 

0.50 

Mm. 

650 

Metal 

MgO 

Isobutane 

8.46 

0.45 

200 

Metal 

MgO 

n-Butane 

13.70 

1.50 

550 

LiF 

None 

Neopentane 

7.96 

0.30 

100 

Metal 

MgO 

Isopentane 

9.65 

0.50 

420 

Metal 

MgO 

B,  Figure  1,  shows  the  spectrum  of  the  concentrate  obtained 
by  this  procedure.  The  7.40-  and  7.96-mu  bands  of  neopentane 
are  both  clearly  present  in  the  spectrum,  as  is  also  the  highly 
characteristic  neopentane  band  structure  in  the  3.5-mu  region. 

As  a  matter  of  interest  the  complete  spectrum  of  neopentane 
is  presented  in  Figure  2.  Attempts  to  purify  the  very  small 
amount  of  neopentane  on  hand  were  unsuccessful,  so  the  spec¬ 
trum  given  is  one  previously  obtained  in  this  laboratory  using  a 
sample  of  about  90%  purity.  The  agreement  with  an  unpub¬ 
lished  neopentane  spectrum  from  another  laboratory  is  satisfac¬ 
tory. 

QUANTITATIVE  DETERMINATION  OF  NEOPENTANE 

The  method  developed  for  the  analysis  of  the  system  propane, 
n-butane,  isobutane,  neopentane,  and  isopentane  is  an  applica¬ 
tion  of  the  general  method  described  by  Brattain  et  al.  ( 3 ).  The 
routine  infrared  spectrophotometer  used  was  designed  by  the  Shell 
Development  Company  and  is  manufactured  by  National  Tech¬ 
nical  Laboratories.  Operating  conditions  for  the  analysis  are 
given  in  Table  I. 

All  the  hydrocarbons  other  than  neopentane  used  in  the  cali¬ 
bration  were  of  99.5  +  %  purity  as  determined  by  isothermal  dis¬ 
tillation  (4).  The  best  neopentane  concentrate  available  was 
analyzed  qualitatively  on  the  recording  spectrometer  mentioned 
above  and  found  to  contain  only  isobutane  as  an  impurity.  An 
isothermal  distillation  at  0°  C.  was  performed  and  the  mole  per 
cent  of  isobutane  calculated  from  a  plot  of  vapor  pressure  vs. 
per  cent  sample  evaporated,  using  the  vapor  pressure  data  of 
Aston  and  Messerly  (/).  The  amount  of  isobutane  thus  deter¬ 
mined  was  11.5  mole  %.  Optical  densities  of  the  standards  were 
corrected  for  the  effects  due  to  the  impurities  in  all  cases.  The 
corrected  working  curves  at  the  7.96-mu  neopentane  absorption 
band  are  shown  in  Figure  3. 
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Brattain’s  graphical  method  of  calculation  (3)  was  employed 
with  one  modification:  Since  the  deviations  from  ideal  behavior 
are  different  for  C3  and  C6  hydrocarbons,  it  was  necessary  to  re¬ 
correct  the  observed  pressures  on  the  basis  of  an  approximate 
analysis  obtained  using  the  average  deviations  for  the  butanes. 

RESULTS 

The  results  of  the  analyses  of  two  typical  synthetic  blends  are 
given  in  Table  II.  The  analysis  of  several  such  synthetics  in¬ 
dicated  that  the  neopentane  could  be  determined  to  ±0.1% 
volume  if  present  in  low  concentrations  (up  to  8  mole  %). 

The  development  of  this  method  made  it  possible  to  determine 
the  source  of  the  neopentane  and  the  extent  of  its  occurrence. 


Table  II.  Analyses  of  Synthetic  Blends 

Blend  I  Blend  II 


Component 

Known 

Propane 

3.6 

Isobutane 

14.8 

n-Butane 

59.8 

Neopentane 

8.2 

Isopentane 

13.7 

Found  Known  Found 

Mole  Per  Cent 


3.5 

0.0 

0.0 

15.7 

6.9 

6.6 

59.8 

85.3 

85.6 

8.3 

3.9 

4.0 

12.7 

3.9 

3.8 

Table  III.  Analysis  of  Low-Boiling  Fraction  from  East  Texas  Crude 


Hydrocarbon 

Mole  % 

Propane 

7.3 

Isobutane 

13.1 

re-Butane 

67.8 

Neopentane 

0.6 

Isopentane 

11.2 

100.0 

Thus,  samples  of  both  East  and  West  Texas  unstabilized  straight- 
run  tops  were  collected  and  stabilized  in  the  laboratory  to 
65°  F.  still-head  temperature  using  a  column  of  20  to  30 
theoretical  plates.  An  analysis  of  the  distillate  from  stabilization 
of  the  East  Texas  tops  is  given  in  Table  III. 

The  concentration  of  neopentane  indicated  in  this  analysis 
corresponds  to  0.03%  of  the  crude  by  volume.  Analyses  of  West 
Texas  and  Texas-Hobbs  crudes  showed  equal  concentrations  of 
neopentane.  Other  analyses  show  that  neopentane  is  found  in 


neopenton« 


i-penfone 

o-butone 

i-butane 

oropone 


Figure  3.  Optical  Densities 
At  7.96  mu  and  100-mm.  pressure  in  10-mm.  cell 


June,  1945 
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other  straight-run  C4  streams  in  the  refinery  to  the  extent  of 
about  0.4  mole  %. 
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Determination  of  Aluminum  Chloride  and  Hydrochloric 

Acid  in  Hydrocarbon  Streams 

WALTER  GREEN  and  S.  R.  BAKER 
Wilshire  Oil  Co.,  Inc.,  Norwalk,  Calif. 


THE  analytical  method  presented  here  does  not  depend  on  a 
new  principle,  since  Craig  (J)  published  a  similar  method  in 
1911  for  the  determination  of  free  acid  or  aluminum  oxide  in 
alum  and  Scott  modified  this  method  to  some  extent  ( 3 ,  4)  ■ 
Martin  published  a  method  for  the  determination  of  aluminum 
in  ore  which  makes  use  of  the  reaction  between  aluminum  salts 
and  potassium  fluoride.  Other  methods  of  analysis  are  discussed 
by  Willard  and  Diehl  ( 5 ).  The  method  of  Malaprade  (&)  prob¬ 
ably  could  be  adapted  to  the  analysis  of  aluminum  chloride  and 
hydrogen  chloride  mixtures  but  requires  the  use  of  a  potentiom¬ 
eter.  The  advantage  would  be  that  iron  would  not  interfere. 

The  author’s  method  is  a  new  application  of  the  use  of  potas¬ 
sium  fluoride,  inasmuch  as  hydrogen  chloride  or  alumina  is  deter¬ 
mined  in  addition  to  the  aluminum  chloride  and  iron  chlorides. 
The  method  does  not  distinguish  between  the  iron  and  alumi¬ 
num  chlorides.  However,  in  the  present  application,  iron  chlo¬ 
rides  are  not  present  in  sufficient  quantities  to  cause  serious  er¬ 
rors  in  the  results. 

The  method  used  in  this  laboratory  is  rapid  and  accurate  and 
depends  upon  the  fact  that  when  a  neutral  solution  of  potassium 
fluoride  is  added  to  an  aqueous  solution  containing  aluminum 
chloride  and  hydrochloric  acid,  the  aluminum  chloride  is  de¬ 
composed  into  two  stable  compounds,  neutral  to  phenolphtha- 
lein.  The  following  reaction  is  believed  to  take  place: 

AlCh  +  6KF  +  YHC1  =  A1F3.3KF  +  3KC1  +  XHC1 

The  free  hydrochloric  acid  may  then  be  accurately  titrated 
with  potassium  hydroxide.  In  the  absence  of  potassium  fluoride, 
potassium  hydroxide  reacts  with  both  the  aluminum  chloride 
and  the  hydrochloric  acid.  The  aluminum  chloride  is  found  as 
the  difference  between  the  potassium  hydroxide  required  in  a 
titration  without  and  a  titration  with  potassium  fluoride. 

APPARATUS  AND  REAGENTS 

Three  gas-washing  bottles. 

Wet  test  meter  or  dry  ice  trap,  depending  upon  boiling  range 
of  hydrocarbon  stream. 

Wide-mouthed  Dewar  flask. 

All  reagents  were  of  reagent  grade.  0.5  N  potassium  hy¬ 
droxide,  0.5  N  hydrochloric  acid,  and  1%  phenolphthalein  in¬ 
dicator  solution. 

Potassium  Fluoride  Solution.  Dissolve  200  grams  of 
potassium  fluoride  in  400  ml.  of  carbon  dioxide-free  distilled 
water,  which  has  been  neutralized  with  hydrochloric  acid  or 
potassium  hydroxide,  using  phenolphthalein  as  indicator.  This 
solution  should  be  kept  in  a  paraffin-coated  bottle. 


SAMPLING  PROCEDURE 

The  following  sampling  procedure  is  designed  for  sampling 
butane  streams  containing  aluminum  chloride  and  hydrogen 
chloride. 

Construct  a  sampling  arrangement  similar  to  that  shown  in 
Figures  1  and  2,  so  that  a  sample  may  be  taken  from  a  circulating, 
steam-trace  line.  Do  not  attempt  to  warm  up  the  sampling 
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connection  during  sampling,  as  this'  may  cause  volatilization 
of  the  sample  before  it  reaches  the  valve. 

With  the  needle  valve  closed,  screw  the  sample  connection  in 
place  and  attach  to  its  exit  three  gas-washing  bottles  followed  by 
a  wet  test  meter.  Place  100  ml.  of  distilled  water  in  each  bottle. 
Open  the  master  valves,  so  that  the  flow  will  be  partially  di¬ 
verted  to  pass  through  the  sample  line  shown,  and  then  care¬ 
fully  open  the  needle  valve  sufficiently  to  allow  a  moderate 
rate  of  flow.  Pass  between  1.416  and  2.832  X  104  cc.  (0.5  and 
1  cu.  feet)  of  gas  through  the  meter,  close  the  needle  valve,  and 
disconnect  the  absorbers  from  the  sample  connection.  Close  the 
master  valves,  open  the  bleeder  valve  to  drop  the  pressure,  and 
remove  the  sample  connection. 

Wash  the  aluminum  chloride  from  the  needle  valve  and  entry 
tube  into  a  beaker  and  combine  the  washings  with  the  contents 
of  the  gas-washing  bottles. 

METHOD  OF  ANALYSIS 

Dilute  the  above  washings  to  a  definite  volume  and  take  ali¬ 
quots. 

To  one  aliquot,  A,  add  10  ml.  of  0.5  N  hydrochloric  acid  and 
10  ml.  of  potassium  fluoride  solution.  Stir  vigorously  and  titrate 
with  0.5  N  potassium  hydroxide,  using  phenolphthalein  as  indi¬ 
cator  until  a  pink  end  point,  permanent  for  one  minute,  is 
reached.  The  difference  between  the  potassium  hydroxide  ti¬ 
tration  and  the  hydrochloric  acid  added  will  be  due  to  free  hy¬ 
drochloric  acid  or  alumina.  If  the  potassium  hydroxide  titra¬ 
tion  minus  the  hydrochloric  acid  titration  is  positive,  the  sample 
contains  free  acid  and  no  alumina.  If  this  difference  is  negative, 
the  reverse  is  true. 

To  another  aliquot,  B,  add  phenolphthalein  and  titrate 
with  0.5  N  potassium  hydroxide  until  a  pink  end  point,  perma¬ 
nent  for  one  minute,  is  reached.  This  titration  will  show  the 


Figure  2.  Sample  Line  Flow  Diagram 


Table  I.  Analysis  of  Samples"  of  Known  Composition  of  Aluminum 
Chloride  and  Hydrochloric  Acid  by  Proposed  Method 


AlCls 

IICl 

KF 

Solution 

AlCls 

HCl 

Difference 

Present 

Present 

Added 

Found 

Found 

AlCIa 

HCl 

Gram 

Gram 

Ml. 

Gram 

Gram 

Gram 

Gram 

0.2237 

0.1825 

10.0 

0.2224 

0.1811 

-0.0013 

-0.0014 

0.0224 

0.1825 

10.0 

0.0224 

0.1808 

0.0000 

-0.0017 

0.2237 

0.0 

0.0 

0.2207 

0.0 

-0.0030 

-o!6oo3 

0.0224 

0.0183 

10.0 

0.0221 

0.0180 

-0.0003 

0.2237 

0.0183 

10.0 

0.2232 

0.0186 

-0.0005 

+  0.0003 

0.0224 

0.0 

0.0 

0.0220 

0.0 

-0.0004 

0.0224 

0.0 

10.0 

0.0225 

0.0 

+  0.0001 

—  o! 0007 

0  0224 

0.2007 

10.0 

0.0221 

0.2000 

-0.0003 

0.0224 

0.0183 

10.0 

0.0220 

0.0180 

-0.0004 

—  0. 0003 

«  Made  up  from  stock  solutions  of  aluminum  chloride  and  hydrochloric 
acid.  Aluminum  chloride  content  of  stock  solutions  determined  gravi- 
metrically  by  precipitation  with  8-hydroxy  quinoline  reagent. 


Table  II.  Analysis  of  Plant  Samples"  of  Butane  Streams  for 
Aluminum  Chloride  and  Hydrochloric  Acid 

Hydroxy- 

quinoline 

Point  of  Sampling  Proposed  Method  Method 

Lb.  AlCh/  Lb.  AhOz/  Mole  %  Lb.  AlClz/ 
bbl.  butane  bbl.  butane  HCl  bbl.  butane 


Reactor  2 . 42 

1.22 

AlCIa  saturator  2 . 17 

AlCls  column  bottoms  4.94 

3.04 

HCl  column  overhead  0.0 

HCl  charge  0.0 


0.0 

8.40 

2.31 

0.0 

10.00 

0.0 

0.0 

2!  08 

0.19 

0.0 

5.09 

0.0 

0.0 

0.0 

85.8 

0.0 

10.5 

a  Samples  taken  from  butane  isomerization  unit,  operated  by  Wilshire 
Oil  Co. 


total  hydrogen  chloride,  made  up  of  hydrogen  chloride  from  alumi¬ 
num  chloride  and  any  originally  free  hydrogen  chloride  if  it  has 
been  present. 


CALCULATIONS 


Aliquot  A,  titration  of  free  hydrogen  chloride 
1  Ml.  of  KOH  X  N  -  ml.  of  HCl  X  N  = 

ml.  of  N  KOH  equivalent  to  free  HCl 


2.  Gram  moles  of  HCl 


ml.  of  KOH  X  N  -  ml.  of  HCl  X  N 
1000  X  F 


3.  Gram  moles  of  butane 


cu.  ft.  X  ( Pb  —  Pw)  X  0.851 
460  +  T 


4  Mole  %  HCl  in  butane  (neglecting  AlCb)  = 

gram  moles  of  HCl  X  100 _ 

gram  moles  of  HCl  +  gram  moles  of  butane 

5  Pounds  of  AI2O3  per  barrel  of  butane  at  60°  F.  = 

(ml.  of  HCl  X  N  -  ml.  of  KOH  X  N)  X  (460  +  T)  (0.0702) 

cu.  ft.  X  F  X  ( Pb  —  Pw) 

Aliquot  B,  titration  of  both  A1C13  and  free  HCl 
Pounds  of  AICI3  per  barrel  of  butane  at  60°  F.  = 

[(ml.  of  KOH  X  N)  —  C]  X  (460  +  T)  X  0.183 

cu.  ft.  X  {Pb  ~  Pw)  X  F 

N  =  normality  of  reagent  used. 

PB  =  barometric  pressure,  mm.  of  mercury. 

Pw  =  vapor  pressure  of  water  at  T°  F. 

T  =  temperature  of  water  in  meter,  °  F. 

C  =  ml.  of  N  potassium  hydroxide  equivalent  to  free  hydro¬ 
chloric  acid  from  A  1. 

F  =  fraction  of  total  sample  taken  for  analysis.  It  should  be 
the  same  for  A  and  B. 


Carbon  dioxide-free  water  should  be  used  with  the  phenol¬ 
phthalein  indicator.  If  iron  is  present  in  more  than  traces,  a 
separate  determination  should  be  made  and  deducted  from 
aluminum  chloride  content  found. 


REPRODUCIBILITY 

Duplicate  determinations  should  agree  within  ±1.0%,  pro¬ 
viding  the  iron  content  is  negligible  or  corrections  are  made  for  it. 

Table  I  indicates  the  accuracy  obtainable.  The  work  was 
done  on  synthetic  samples,  but  plant  samples  have  been  found  to 
give  equally  good  results  (Table  II) 

DISCUSSION 

Large  errors  may  result  from  incorrect  sampling,  since  either 
excessive  heating  or  cooling  of  the  sample  lines  will  result  in  de¬ 
posit  of  aluminum  chloride. 

Hot  butane  should  be  used  for  flushing  sample  lines,  since  the 
solubility  of  aluminum  chloride  is  very  low  in  cold  butane. 
Large  pressure  drops  in  the  sampling  lines  should  be  avoided, 
as  they  will  cause  the  butane  to  vaporize  and  deposit  aluminum 
chloride  especially  if  the  stream  is  saturated.  The  sample  lines 
leading  from  the  main  lines  should  be  maintained  at  a  tempera¬ 
ture  only  slightly  higher  than  that  of  the  main  lines  to  avoid 
separation  of  aluminum  chloride  from  a  saturated  stream.  This 
can  usually  be  accomplished  by  use  of  steam  tracing  and  insula¬ 
tion. 
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Determination  of  Tetraethyllead  in  Gasoline 

Versatile  Direct  Evaporation  Methods 

LOUIS  LYKKEN,  R.  S.  TRESEDER,  F.  D.  TUEMMLER,  and  VICTOR  ZAHN 
Shell  Development  Company,  Emeryville,  Calif. 


Two  methods  of  analysis  involving  direct  evaporation  of  sample 
with  decomposition  agent  allow  accurate  quantitative  analysis  of 
lead  in  all  types  of  gasoline,  special  motor  fuel  blends,  and  tetra¬ 
ethyllead  fluid,  regardless  of  the  chemical  constituents  present. 
These  methods,  which  require  no  elaborate  apparatus,  are  the  result 
of  a  systematic  review  and  investigation  of  existing  methods  for  the 
decomposition  of  tetraethyllead  in  gasoline  and  for  the  determina¬ 
tion  of  lead  in  soluble  inorganic  residues.  The  proposed  methods 
convert  the  tetraethyllead  to  inorganic  lead  by  mixing  with  cold 
hydrochloric  acid  or  iodine,  evaporating  the  resulting  mixture  to 
dryness,  and  removing  the  organic  matter  by  oxidation  with  nitric, 
perchloric,  or  sulfuric  acids,  depending  on  the  nature  of  the  decom¬ 
position  used.  The  lead  in  the  inorganic  residue  is  determined  by 
precipitating  with  a  measured  amount  of  dichromate  solution  and 
determining  the  excess  dichromate  by  iodometric  titration.  For 
commercial  gasolines,  the  reproducibility  (different  operators)  of 
the  methods  is  within  0.02  ml.  of  tetraethyllead  per  gallon;  for 
commercial  tetraethyllead  fluids,  it  is  0.4%  lead  or  better. 

SINCE  the  advent  of  tetraethyllead  antiknock  gasoline  blends 
some  20  years  ago,  there  has  been  an  increasing  necessity  for 
analyzing  all  sorts  of  motor  fuel  for  small  amounts  of  lead.  At 
the  outset,  most  analytical  needs  were  satisfied  by  methods  that 
gave  a  good  approximation  of  the  total  lead  content;  but  with 
the  scientific  development  of  modern  motors  and  the  consequent 
production  of  fuels  requiring  closer  regulation  of  antiknock 
qualities,  greater  analytical  accuracy  was  desired.  This  situation 
has  led  to  the  development  of  a  number  of  methods  which  al¬ 
lowed  the  accurate  determination  of  the  lead  contained  in  the 
more  volatile  type  of  saturated  gasolines,  such  as  straight-run 
aviation  gasoline.  However,  these  methods  were  not  always  of 
general  applicability  to  all  varieties  of  leaded  fuels,  particularly  to 
cracked  gasolines,  alcohol-blend  fuels,  and  modern  motor  fuels 
containing  nonhydrocarbon  additives.  As  a  result,  considerable 
difficulties  have  been  encountered  in  obtaining  accurate  results 
when  using  most  of  the  established  methods  regardless  of  their 
mode  of  decomposition  of  the  tetraethyllead  (such  as  precipita¬ 
tion  with  bromine,  extraction  with  cold  nitric  acid,  and  extrac¬ 
tion  with  hot  hydrochloric  acid). 

Because  of  the  uncertainty  regarding  the  relative  merits  of  the 
existing  procedures,  work  was  undertaken  to  compare  them  under 
comparable  conditions.  The  problem  was  considered  on  the 
basis  of  four  natural  classifications:  reproducibility  and  relative 
accuracy  of  the  common  methods  in  use  at  the  present  time; 
satisfactory  determination  of  the  expected  amount  of  lead  in  in¬ 
organic  residues  with  special  consideration  of  rapid  methods: 
study  of  the  decomposition  of  the  organo-lead  compounds  with 
hydrochloric  acid  and  iodine;  and  study  of  satisfactory  methods 
for  the  removal  of  the  organic  matter  remaining  after  the  evapora¬ 
tion  of  gasoline-hydrochloric  acid  or  gasoline-iodine  mixtures. 

REVIEW  OF  LITERATURE 

Methods  of  Determining  Tetraethyllead  in  Gasoline. 
The  following  representative  methods  were  chosen  for  study  in 
that  they  were  either  outstanding  or  commonly  used.  A  brief 
of  the  essential  procedure,  chemistry,  and  technique  is  given  with 
each  method,  followed  by  an  initial  evaluation  of  its  relative 
merits. 


1.  Early  Shell  Method.  Precipitate  the  lead  as  lead  bromide 
by  the  addition  of  50%  bromine  in  carbon  tetrachloride;  dis¬ 
solve  the  bromide  (without  filtering)  by  extracting  with  concen¬ 
trated  nitric  acid;  determine  the  lead  in  the  acid  layer  by  evapo¬ 
rating  to  fumes  with  sulfuric  acid;  precipitate  the  lead  sulfate 
from  50%  ethanol,  filter,  and  weigh  in  a  Gooch  crucible  (after 
heating  to  faint  red  heat). 


The  use  of  the  50%  bromine  solution  is  objectionable  because 
the  vigorous  reaction  of  bromine  with  unsaturated  materials 
gives  rise  to  incomplete  separation  of  lead  bromide,  particularly 
when  large  amounts  of  bromine  are  required.  Furthermore,  the 
use  of  bromine  should  be  avoided  because  of  its  corrosive  action 
on  the  skin  and  nasal  membrane  if  spillage  should  occur.  The 
repeated  handling  necessary  to  effect  complete  extraction  of 
the  lead  bromide  with  nitric  acid  is  cumbersome  and  is  apt  to  be 
accompanied  by  handling  losses.  The  gravimetric  determination 
of  the  inorganic  lead  is  slow  but  accurate  and  precise. 

2.  Method  of  Baldeschwieler  ( 2 ).  Extract  the  lead  by  direct 
action,  with  concentrated  nitric  acid  and  water,  as  lead  ion; 
evaporate  the  acid  layer  to  fumes  with  sulfuric  and  nitric  acids, 
precipitate  lead  sulfate  by  adding  water  and  alcohol;  filter  and 
weigh  lead  sulfate  in  a  Gooch  crucible,  after  heating  to  a  taint 
red  heat. 


The  nitric  acid  extracts  organic  matter  especially  from  cracked 
gasolines;  the  extraction  is  generally  slow,  incomplete,  and 
cumbersome.  For  gasolines  containing  appreciable  amounts  of 
unsaturates,  aromatics,  or  alcohols,  the  vigorous  reaction  of 
nitric  acid  with  these  compounds  leads  to  the  formation  of  pos¬ 
sibly  dangerous  organic  nitrogen  compounds.  The  determina¬ 
tion  of  the  lead  is  slow  but  generally  accurate  and  precise. 


3.  I.P.  Standard  Methods  for  Testing  Petroleum  and  Its  Prod¬ 
ucts  (Serial  Designation  68/42,  15).  Precipitate  the  lead  as 
bromide  by  the  addition  of  bromine  in  carbon  tetrachloride; 
filter  lead  bromide  in  a  dry  Gooch  crucible;  dissolve  bromide  in 
nitric  acid;  precipitate  lead  chromate  in  solution  acid  with  acetic 
acid;  filter  and  weigh  lead  chromate  in  a  Gooch  crucible,  alter 
drying  at  105°  C. 

The  objections  to  bromine  are  the  same  as  in  Method  1.  The 
lead  bromide  filtration  is  sometimes  incomplete.  The  gravi¬ 
metric  lead  chromate  method  is  tedious,  slow,  and  occasionally 
gives  low  results,  and  the  composition  of  the  lead  chromate  is 
variable  and  uncertain. 


4  Method  of  Catlin  and  Starrett  (7).  Precipitate  the  lead  as 
lead  bromide  by  the  addition  of  bromine  in  carbon  tetrachloride, 
filter  lead  bromide  on  paper;  dissolve  bromide  by  action  ol  di¬ 
lute  nitric  acid;  evaporate  to  fumes  with  sulfuric  acid;  precipi¬ 
tate  lead  sulfate  by  adding  water;  filter  the  lead  sulfate  and  dis¬ 
solve  it  in  acid  ammonium  acetate  solution;  titrate  the  lead  ion 
with  ammonium  molybdate  solution  using  tannm  as  an  outside 
inHipntnr  Standardize  molybdate  solution  against  pure  lead. 


The  objections  to  the  use  of  bromine  are  the  same  as  in  Method 
1  The  recovery  of  lead  ions  from  lead  bromide  tends  to  be  in¬ 
complete  because  of  the  occlusion  of  the  lead  salt  in  the  organic 
material  obtained.  The  lead  sulfate  precipitation  is  unnecessary 
and  is  apt  to  yield  low  results.  The  molybdate  titration  of  the 
lead  is  accurate  and  fairly  precise. 


5  Method  of  Edgar  and  Calingaert  ( 9 ,  11).  Precipitate  lead 
as  bromide  by  the  addition  of  bromine  in  carbon  tetrachloride, 
filter  lead  bromide  in  a  dry  Gooch  crucible  and  dissolve  bromide 
in  concentrated  and  dilute  nitric  acid;  remove  excess  nitric  acid 
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and  make  acid  with  acetic  acid;  titrate  lead  ion  with  ammonium 
molybdate  solution  using  tannin  as  outside  indicator. 

Same  comments  as  given  for  Method  4  except  that  the  objec¬ 
tionable  lead  sulfate  precipitation  is  omitted. 

6.  Method  of  von  Ulrich  (18).  Precipitate  lead  as  bromide  by 
addition  of  bromine  in  carbon  tetrachloride;  dissolve  the  lead 
bromide  (without  filtering)  by  extraction  with  concentrated 
nitric  acid;  evaporate  acid  layer  to  fumes  with  sulfuric  acid  in  a 
weighed  crucible;  remove  sulfuric  acid  by  evaporation;  weigh 
lead  as  sulfate  after  igniting  at  faint  red  heat. 

The  objections  to  the  use  of  bromine  and  nitric  acid  are  the 
same  as  in  Method  1.  The  lead  determination  is  fast  but  lacks 
accuracy  and  precision. 

7.  Method  of  Epler  (10).  Precipitate  lead  as  bromide  by 
addition  of  bromine  in  carbon  tetrachloride  to  sample  diluted 
with  kerosene;  filter  lead  bromide  in  glass  crucible,  dissolve 
bromide  in  concentrated  and  dilute  nitric  acid;  remove  excess 
nitric  acid  and  make  acid  with  acetic  acid;  add  excess  of  stand¬ 
ard  potassium  dichromate  solution,  digest,  and  filter  the  lead 
chromate;  titrate  excess  dichromate  ions  iodometrically. 

Same  objections  to  the  use  of  bromine  as  in  Method  4.  The 
lead  determination  is  accurate  and  precise,  provided  the  thio¬ 
sulfate  solution  is  standarized  against  the  standard  dichromate 
solution. 

8.  Method  of  Dosios  and  Pierri  (8).  Extract  the  lead  from 
gasoline  by  shaking  with  excess  bromine  water;  evaporate  the 
water  layer  to  fumes  with  sulfuric  acid;  precipitate  lead  sulfate 
by  addition  of  50%  ethanol,  digest;  filter  lead  sulfate  in  a 
Gooch  crucible;  weigh,  after  igniting  at  dull  red  heat,  as  lead 
sulfate. 

The  bromine  water  extraction  is  slow  and  fails  entirely  in  the 
presence  of  cracked  gasolines.  The  lead  determination  is  gen¬ 
erally  satisfactory.  The  method  lacks  precision  owing  to  the 
small  volume  of  sample  used. 

9.  Method  of  Birch  (8).  Shake  gasoline  with  concentrated 
sulfuric  acid;  distill  gasoline  off;  remove  organic  matter  by  di¬ 
gesting  with  concentrated  sulfuric  acid  and  potassium  nitrate; 
precipitate  lead  sulfate  with  cold  water;  filter  in  a  Gooch  crucible 
and  weigh  after  ignition  at  a  dull  red  heat. 

This  method  yields  a  very  large  amount  of  organic  residue 
that  is  impossible  to  handle  unless  the  sample  is  entirely  com¬ 
posed  of  low-boiling  saturated  hydrocarbons.  Same  comments 
on  the  lead  determination  as  in  Method  2. 

10.  Method  of  Ferreri  (modified,  12).  Reflux  gasoline  with 
concentrated  hydrochloric  acid  in  an  Erlenmeyer  flask  containing 
a  loose-fitting  water-cooled  glass  tube  hanging  in  the  neck  of  the 
flask;  evaporate  the  acid  and  gasoline  to  dryness;  oxidize  or¬ 
ganic  matter  with  concentrated  nitric  acid;  determine  lead  by 
one  of  two  methods:  (1)  evaporate  to  fumes  of  sulfuric  acid, 
precipitate  lead  sulfate  by  adding  50%  ethanol;  filter  in  Gooch 
crucible  and  weigh  after  igniting  at  faint  red  heat;  or  (2)  remove 
excess  of  nitric  acid,  make  acid  with  acetic  acid,  and  titrate  lead 
ion  with  standard  molybdate  solution  using  tannin  as  outside 
indicator. 

This  method  is  applicable  only  to  saturated  gasoline.  With 
highly  unsaturated  gasolines,  evaporation  of  the  gasoline-acid 
mixture  leaves  an  organic  residue  which  nitric  acid  will  not  com¬ 
pletely  remove.  Comments  on  the  lead  determinations  are 
found  in  Methods  1  and  4. 

11.  Method  of  Calingaert  and  Gambrill  (standardized  by 
A.S.T.M.  as  serial  designation  D526-42,  5).  Reflux  gasoline 
in  a  special  all-glass  combination  refluxing  vessel  and  separator}' 
funnel  with  concentrated  hydrochloric  acid;  evaporate  the  acid 
layer  to  dryness,  oxidize  the  organic  matter  with  nitric  acid,  and 
remove  excess  acid;  make  solution  acid  with  acetic  acid  and  ti¬ 
trate  lead  ion  with  molybdate  using  tannin  as  outside  indicator 
(or  determine  lead  gravimetrically  as  chromate  or  sulfate). 

Although  this  method  is  generally  applicable  to  all  types  of 
gasoline,  low  results  have  been  found  when  it  is  applied  to  highly 


Table  1.  Precision  of  Selected  Existing  Methods  for  Determining 

Lead  in  Gasoline  (Saturated) 

Method 

Standard 

No. 

Repeated  Determinations 

Meana 

Deviation* * * 4 

Grams  of  Pb  per  U.  S.  gallon 

1 

2.30,  2.32,  2.28,  2.30,  2.28,  2.29,  2.30, 

2.29,  2.30 

2.296 

0.012 

2 

2.29,  2.23,  2.27,  2.25,  2.23,  2.21,  2.26 

2.249 

0.025 

5 

2.20,  2.25,  2.24,  2.26,  2.24,  2.22,  2  23, 

2.20,  2.26,  2.21,  2.26 

2.234 

0.022 

7 

2.29,  2.32,  2.33,  2.29,  2.28,  2.28,  2.32 

2.301 

0.020 

10 

2.35,2.34,2.36,2.35,2.32,2.33,2.35,2.32 

2.340 

0.014 

11 

2.25,2.33,2.33,2.30,2.32,2.33,2.32,2.25 

2.304 

0.032 

12 

2 . 29,  2 . 28,  2 . 27,  2 . 29,  2 . 28,  2 . 28,  2 . 27,  2 . 29 

2.281 

0.008 

13 

2.31,2.30,2.31,  2.30,2.31,2.31,  2.31,2.31 

2.308 

0.004 

1  Br2  in  CCli,  gravimetric,  sulfate  (early  Shell) 

2  HNOa,  volumetric,  molybdate  (Baldeschwieler) 

5  Br2  in  CCU,  volumetric,  molybdate  (Edgar  and  Calingaert) 

7  Br2  in  CCU,  volumetric,  chromate  (Epler) 

10  HC1,  volumetric,  chromate  (Ferreri) 

11  HC1,  volumetric,  molybdate  (Calingaert  and  Gambrill) 

12  I2  in  CCU,  evaporate,  acidimetric  (Gonick  and  Milano) 

13  HNO3  +  KCIO3,  volumetric,  chromate  (Schwartz) 

0  Mean  not  intercomparable;  several  different  batches  of  gasoline  used  ir. 
tests. 

4  Square  root  of  the  mean  of  the  squared  deviations. 


volatile  gasolines  and  cracked  gasolines  owing  to  loss  of  lead  by 
volatilization  and  interference  of  organic  matter,  respectively. 
This  method  requires  special  extraction  apparatus  and  is  slow, 

especially  in  the  presence  of  organic  materials  soluble  in  the  hot 

acid.  Same  comments  on  the  lead  determinations  as  in  Methods 

4,  3,  and  1. 

12.  Method  of  Gonick  and  Milano  (If).  Mix  the  gasoline 
with  a  solution  of  iodine  in  carbon  tetrachloride,  evaporate  the 
mixture  to  dryness  with  the  aid  of  a  hot  air  jet,  and  oxidize  or¬ 
ganic  matter  with  mixture  of  nitric  acid  and  potassium  chlorate. 
Dissolve  the  lead  salts  in  water,  neutralize  carefully,  add  incre¬ 
ments  of  8-hydroxyquinoline  solution,  and  titrate  the  acidity 
liberated  by  the  formation  of  lead  hydroxyquinolate. 

The  iodine  decomposition  is  complete  and  fast,  but  it  produces 
considerable  quantities  of  carbonaceous  matter  with  unsaturated 
gasolines.  In  the  latter  case,  the  oxidation  with  nitric  acid  and 
potassium  chlorate  is  sometimes  hazardously  rapid.  The  lead 
determination  is  quick  and  direct,  but  the  alternate  addition  of 
8-hydroxyquinoline  and  base  solutions  is  cumbersome  and  likely 
to  give  erratic  results,  generally  low. 

13.  Method  of  Schwartz  (16).  Extract  the  gasoline  with  cold 
dilute  nitric  acid  solution  saturated  with  potassium  chlorate. 
Evaporate  the  extracts  to  dryness,  dissolve  residue  in  water, 
precipitate  lead  as  lead  chromate,  and  wash  with  acetone  and 
ether.  Dissolve  precipitate  in  acid  salt  solution,  add  an  excess 
of  iodide  solution,  and  titrate  the  iodine  liberated. 

This  method  is  rapid  and  precise.  However,  the  extraction  pro¬ 
cedure  is  somewhat  cumbersome  and  the  ease  of  extraction  ap¬ 
pears  to  be  a  function  of  the  chemical  nature  of  the  sample. 

In  many  of  the  above  procedures  it  is  necessary  to  make  a 
separation  between  an  aqueous  and  a  hydrocarbon  phase  before 
proceeding  with  the  determination  of  the  inorganic  lead  extracted 
in  the  aqueous  phase.  This  requires  a  transfer  between  vessels 
which  may  not  be  entirely  quantitative  unless  special  care  is 
taken;  there  is  also  the  necessity  of  effecting  a  complete  extrac¬ 
tion  of  a  lead  halide  from  a  hydrocarbon  solution  in  which  the 
lead  salt  is  appreciably  soluble. 

Most  of  the  methods  for  the  determination  of  the  amount  of  ex¬ 
tracted  inorganic  lead  salt,  particularly  the  volumetric  methods, 
are  applicable  only  in  the  complete  absence  of  organic  matter. 
A  perfectly  clear  solution  is  not  sufficient  evidence  of  complete 
decomposition  of  organic  material,  and  in  many  of  the  described 
procedures  insufficient  decomposition  results.  Generally,  it  is 
necessary  that  the  dry  lead  salt  residue  be  free  of  more  than 
traces  of  brown  or  black  carbonized  material. 

Methods  of  Determining  Lead  in  Inorganic  Residues. 
A  search  of  the  literature  for  gravimetric  and  volumetric  methods 
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suitable  for  determining  lead,  in  inorganic  residues  yielded  no 
methods  of  promise  that  had  not  already  been  incorporated  in 
the  various  methods  for  determining  the  lead  content  of  gasolines. 
Practically  all  the  better  methods,  not  already  associated  with 
this  field,  were  inapplicable  to  the  amounts  of  lead  that  might  be 
found  in  100  ml.  of  gasoline  for  the  accuracy  required. 

EXPERIMENTAL 

Evaluation  of  Typical  Existing  Methods  for  Determin¬ 
ing  Lead  in  Gasolines.  In  order  to  determine  the  possible 
merits  of  the  various  methods  listed  above,  preliminary  quad¬ 
ruplicate  determinations  were  carried  through  each  procedure 
following  the  details  given  in  the  original  reference;  no  attempt 
at  improvements  was  made.  A  regular  commercial  grade  of 
Ethyl  gasoline  (saturated)  was  used  as  sample.  Based  on  the  ex¬ 
perience  gained  in  the  preliminary  tests,  the  methods  were 
evaluated  according  to  the  following  considerations:  (1)  common 
usage  at  the  present;  (2)  apparent  reproducibility;  (3)  apparent 
relative  accuracy;  (4)  ease  of  manipulation;  (5)  time  required 
for  analysis.  Those  methods  that  were  judged  important  from 
these  considerations  were  selected  for  further  comparison  on  the 
basis  of  their  ultimate  precision.  Repeated  determinations  were 
made  by  the  eight  chosen  procedures  (Table  I). 

In  order  of  decreasing  precision,  the  best  results  were  ob¬ 
tained  by  the  method  of  Schwartz  {16),  Gonick  and  Milano  {14), 
Ferreri  (modified,  12),  and  the  early  Shell  method  (No.  1).  It 
was  concluded  that  these  four  methods  give  satisfactory  precise 
results  for  straight-run  gasolines.  No  significance  was  attributed 
to  the  variations  of  the  mean  results  (Table  I),  since  the  work 
was  done  over  a  period  of  several  months  on  different  batches  of 
gasoline.  However,  all  tests  by  a  given  procedure  were  made 
simultaneously  on  samples  taken  from  the  same  batch  of  gasoline. 

Determination  of  Lead  in  Inorganic  Residues.  In  order 
to  establish  the  accuracy  and  precision  of  the  determination  of 
inorganic  lead,  several  accepted  methods  used  for  lead  analysis 
were  compared.  The  standard  deviation  and  systematic  error 
of  each  method  were  determined  by  quadruplicate  analysis  of 
portions  of  a  standard  lead  nitrate  solution. 

The  lead  nitrate  solution  was  carefully  prepared  from  a 
weighed  amount  of  c.p.  “test  lead”.  A  sample  of  the  test  lead 
was  found  by  spectrographic  analysis  to  be  free  from  noticeable 
traces  of  any  impurity;  the  lead  granules  had  a  very  bright 
luster  and  gave  no  appreciable  loss  in  weight  upon  heating  at 
120°  C.  for  several  hours.  From  280  mg.  of  test  lead  ignited 
lead  sulfate  precipitates  equivalent  to  99.83%  lead  were  ob¬ 
tained,  this  figure  being  the  result  of  the  analysis  of  eight  samples. 

Method  A.  Evaporate  to  fumes  with  sulfuric  acid;  precipi¬ 
tate  lead  sulfate  with  50%  ethanol,  digest  at  room  temperature; 
filter  in  Gooch  crucible  and  weigh  after  ignition  at  650°  C.  (8). 

Method  B.  Evaporate  to  fumes  with  sulfuric  acid  (twice) ; 
precipitate  lead  sulfate  with  ice  water,  let  stand  for  several  hours 
in  a  bath  of  ice  water;  filter  in  Gooch  crucible  and  ignite  at 
650°  C.  {2). 

Method  C.  Evaporate  to  dryness,  add  3  ml.  of  concentrated 
nitric  acid;  neutralize  with  ammonium  hydroxide  and  make  acid 
with  acetic  acid,  dilute  to  450  ml. ;  precipitate  lead  chromate  in 
boiling  solution,  digest  while  hot:  filter  while  warm  through 
Gooch  crucible  and  dry  at  120°  C.  {15). 

M ethod  D.  Evaporate  to  fumes  with  sulfuric  acid ;  precipitate 
lead  sulfate  with  water  at  room  temperature,  digest  at  room 
temperature;  filter,  dissolve  lead  sulfate  in  dilute  acid  ammonium 
acetate;  dilute  to  150  ml.,  titrate  hot  solution  with  ammonium 
molybdate  solution,  using  tannin  as  indicator  (spot  plate); 
determine  blank;  standardize  molybdate  solution  directly 
against  pure  lead  (7). 

Method  E.  Evaporate  to  dryness;  add  3  ml.  of  concentrated 
nitric  acid ;  neutralize  with  ammonium  hydroxide  and  make  acid 
with  acetic  acid,  dilute  to  150  ml. ;  titrate  hot  solution  with 
molybdate  solution  as  in  Method  D  {5,  11). 

Method  F.  Evaporate  to  fumes  in  a  large  crucible  with  sul¬ 
furic  acid;  fume  off  the  sulfuric  acid  leaving  lead  sulfate;  ignite 
at  650°  C.  {18). 


Method  G.  Evaporate  to  dryness;  dissolve  and  make  acid 
with  acetic  acid;  add  excess  standard  dichromate  at  room  tem¬ 
perature;  boil  to  precipitate  lead  chromate;  filter;  add  iodide 
and  hydrochloric  acid  to  filtrate;  titrate  with  standard  thio¬ 
sulfate;  standardize  thiosulfate  against  potassium  dichromate  as 
primary  standard  {10). 

Method  H.  Evaporate  to  dryness,  add  3  ml.  of  concentrated 
nitric  acid;  neutralize  with  ammonium  hydroxide  and  make  acid 
with  acetic  acid;  add  ammonium  acetate,  dilute  to  150  ml., 
precipitate  lead  chromate  in  boiling  solution  with  15  ml.  of  10% 
potassium  dichromate,  filter  through  Gooch  crucible  at  room 
temperature;  dry  at  120°  C.  (5). 

Method  I.  Evaporate  to  dryness,  dissolve  in  water,  and  add 
sodium  chloride;  neutralize  carefully  to  methyl  red  indicator, 
titrate  with  alternate  portions  of  8-hydroxyquinoline  solution 
and  standard  base  solution  until  a  permanent  end  point  is  ob¬ 
tained  with  phenol  red  indicator  {14). 

Table  II  contains  the  results  obtained  by  analyzing  samples 
containing  0.0700  gram  of  test  lead.  Apparently  all  methods 
except  B,  C,  and  D  are  satisfactory  for  the  amount  of  lead  realiz¬ 
able  from  100  ml.  of  gasoline. 

In  order  to  clarify  the  unexpected  poor  precision  found  for 
the  molybdate-tannin  direct  titration  (Method  E),  standard  lead 
solutions  containing  varying  amounts  of  lead  were  titrated  by 
this  method.  It  was  found  (Table  III)  that,  although  the  method 
tends  to  be  erratic,  it  gives  reasonably  reproducible  results  when 
dealing  with  0  to  70  mg.  of  lead.  However,  the  spot-plate  color 
indication  of  the  end  point  was  difficult  and  tedious.  Experi¬ 
ments  with  various  suggested  substitutes  for  tannin  as  indicator 
{19,  20)  failed  to  reveal  any  with  advantages  over  the  usual  0.5% 
tannin  solution. 

Brunck  {4)  has  proposed  the  analysis  of  lead  solutions  by  pre¬ 
cipitating  and  weighing  the  lead  as  lead  sulfide.  Experiments 
with  this  method  indicated  that  it  lacks  accuracy  and  precision, 
even  when  applied  under  carefully  controlled  conditions. 

Volumetric  methods  for  determining  lead,  using  internal  in¬ 
dicators,  have  been  developed  making  use  of  hydrolytic  {22)  re¬ 
actions  and  precipitation  {6)  reactions.  Extensive  work  in  this 
field  has  indicated  that  an  accurate,  precise,  and  quick  determina¬ 
tion  of  lead  may  be  made  by  hydrolytic  and  precipitation  titra¬ 
tions,  with  one  of  several  reagents,  provided  solutions  of  pure 
lead  salts  are  used.  However,  attempts  to  apply  these  methods 
to  the  oxidized  inorganic  residues  obtained  from  gasoline  have 
met  with  failure;  this  failure  is  generally  caused  by  the  presence 
of  small  amounts  of  some  material  that  combines  with  and  pre¬ 
cipitates  some  of  the  lead  under  the  conditions  of  the  test  or  that 
interferes  with  the  means  for  determining  the  end  point. 


Table  II.  Standard  Deviation  and  Systematic  Error  of  Various  Lead 


Method 

Methods 

Standard 

Systematic 

No. 

Lead  Found,  Gram® 

Mean 

Deviation 

Error 

A 

0 . 0700, 0 . 0697, 0 . 0697, 0.0701 

0 . 0699 

0.00018 

-0.0001 

B 

0 . 0689,  0 . 0674,  0 . 0677,  0 . 0682 

0 . 0682 

0.00062 

-0.0018 

C 

0.0691,0.0688,0.0691,0.0692 

0.0691 

0.00016 

—  0 . 0009 

D 

0 . 0674, 0 . 0684, 0 . 0674,  0 . 0679 

0.0678 

0.00042 

—  0.0022 

E 

0 . 0704, 0 . 0704, 0 . 0694, 0 . 0704 

0.0702 

0.00046 

+  0.0002 

F 

0 . 0700, 0 . 0704, 0 . 0704, 0 . 0709 

0 . 0704 

0.00034 

+  0  0004 

G 

0 . 0698, 0 . 0694, 0 . 0694, 0 . 0690 

0 . 0694 

0.00028 

-0  0006 

H 

0 . 6097.  0 . 0701. 0 . 0696,  0 . 0695 

0.0697 

0.00023 

—  0 . 0003 

I  0.0700,0.0704,0.0703,0.0706 

“  Lead  taken,  0.0700  gram. 

0.0703 

0.00021 

+  0  0003 

Table  III.  Applicability  of  Molybdate-Tannin  Titration  to  Varying 
Quantity  of  Lead 

Lead  Standard 

Taken  Lead  Found  Mean  Deviation 

Gram  Gram  per  ml.,  molybdate  solution 


0  035  0  005036,0.005036,0.005000,0.005073 

0  070  0 . 005036,  0 . 005053,  0 . 005020,  0 . 005053 

0  070®  0  005020,  0 . 005036,  0 . 005073, 0 . 005020 

0.100  0.005076,0.005051 

0.0  0.00010,  0.00010,  0.00010®,  0.00010“ 

“  Run  by  artificial  light  in  a  dark  room. 


0.005036 
0.005040 
0.005036 
0 . 005063 
0.00010 


0 . 000025 
0.000014 
0.000021 
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Volumetric  methods  depending  on  the  indirect  determination  of 
lead  by  oxidimetric  titration  of  the  precipitate  (13,  21),  or  ex¬ 
cess  precipitant  (10,  13,  17),  have  been  applied  to  pure  inorganic 
residues.  The  authors’  experiments  indicate  that  these  prin¬ 
ciples  may  be  applied  to  pure  lead  salt  solutions  by  precipitating 
lead  iodate  and  lead  chromate,  and  that  the  precision  and  ac¬ 
curacy  of  the  methods  are  satisfactory.  When  these  methods  are 
applied  to  inorganic  residues  from  gasolines,  the  lead  chromate 
method  gives  the  most  reproducible  and  accurate  results.  It  has 
been  found  that  it  is  better  to  titrate  the  excess  dichromate  ions 
than  to  titrate  the  lead  chromate  precipitate  because  of  technical 
difficulties  in  preparing  the  precipitate  for  a  titration  of  the  de¬ 
sired  accuracy. 

With  the  method  suggested  by  Epler  (10)  as  a  basis,  a  procedure 
was  developed  for  determining  lead;  an  excess  of  standard  potas¬ 
sium  dichromate  is  used  to  precipitate  the  lead,  the  lead  chromate 
is  filtered  off,  and  the  excess  dichromate  ions  are  titrated  iodo- 
metrically.  The  details  of  this  method,  referred  to  below  as  the 
“excess-dichromate”  method,  are  given  in  the  following  pro¬ 
posed  methods  for  determining  the  lead  content  of  gasoline. 
The  standard  deviation  and  systematic  error  of  the  excess-di- 
chromate  method  are  given  in  Table  IV.  This  method  gives  re¬ 
liable  and  accurate  results  when  applied  to  any  gasoline  residue 
that  has  been  treated  with  nitric,  perchloric,  or  sulfuric  acids, 
provided  the  residue  is  completely  soluble  in  ammonium  acetate 
solution  just  acid  with  acetic  acid.  It  is  applicable  in  the  pres¬ 
ence  of  5%  of  ammonium  acetate,  or  alkali  salts,  but  low  results 
may  be  found  in  the  presence  of  appreciable  amounts  of  am¬ 
monium  salts  other  than  ammonium  acetate.  The  accuracy  of 
the  excess-dichromate  method  is  independent  of  the  amount  of 
excess  dichromate  present.  The  iodometric  titration  of  the  lead 
chromate  precipitate,  when  dissolved  in  sodium  chloride-hydro¬ 
chloric  acid  solution,  gives  less  precise  results  that  tend  to  be 
0.0002  to  0.0006  gram  high. 


Table  IV.  Precision,  Accuracy,  and  Applicability  of  Excess- 
Dichromate  Method  for  Lead 

Standard  System- 


Lead 

0.15  N 

Devia- 

atic 

Taken 

KsCnO? 

Lead  Found 

Mean 

tion 

Error 

Gram. 

Ml. 

Gram 

Gram 

Gram 

Gram 

0 . 0700 

10.00 

0.0702,  0.0700,  0.0700, 

0.0700 

0.0700 

0.00016  0.0000 

0.0700,  0.0701,  0.0701, 

0.0701 

0.0700,  0.0700,  0.0700, 

0.0700 

0.0700,  0.0700,  0.0696, 

0.0696 

0.0700“  10.00 

0.0702,  0.0698 

0.0700 

0.0000 

0.0280 

10.00 

0.0274,  0.0284 

0.0279 

-0.0001 

0 . 0560 

10.00 

0.0562,  0.0559 

0.0561 

+  0.0001 

0 . 0700 

10.00 

0.0701,  0.0701 

0  0701 

+  0.0001 

0.0840 

10.00 

0.0839,  0.0840 

0  0840 

0.0000 

0.07006  10.00 

0.0702,  0.0700  ,0.0698, 

0.0700 

0.0700 

0 . 0000 

°  Determination  made  in  presence  of  KCIO4. 

6  Determination  made  in  presence  of  PbSCL  and  K2SO4. 


The  excess-dichromate  method  also  has  distinct  operational 
advantages  over  the  molybdate  titration  method.  The  time  per 
analysis  for  single  tests  is  approximately  the  same  as  for  the 
molybdate  titration;  for  multiple  analyses  there  is  a  distinct 
advantage  in  time  for  the  excess-dichromate  method.  In  addi¬ 
tion,  the  starch  end  point  is  generally  preferable  to  the  tannin 
spot-plate  end  point  used  for  the  molybdate  titration.  Generally, 
less  experience  is  required  for  dependable  results  by  the  excess- 
dichromate  method  than  by  other  volumetric  methods. 

The  gravimetric  determination  of  lead  as  lead  chromate  is  not 
recommended  for  the  small  amounts  of  lead  usually  found  in  100 
ml.  of  gasoline.  The  principal  objection  is  the  varying  compo¬ 
sition  of  the  dried  or  ignited  lead  chromate.  The  precipitate 
theoretically  contains  64.11%  lead;  in  some  cases  63.9%  lead 
(1)  has  been  taken  as  a  more  correct  figure.  The  conditions  of 
precipitation  and  ignition  seem  to  have  some  influence  on  the 


Table  V.  Comparison  of  Gravimetric  Chromate  Methods  for  Lead3 

. - Lead  Found - - 

Method  Lead  Taken  • - — PbCrCL  (dried) - .  PbCrOr  (ignited) 

Gram  Gram  Gram 

C  0.0700  0.0692,0.0696  . 

G  0.0700  0.0696,0.0698  . 

H  0.0700  0.0697,0.0701,0.0696,0.0695  0.0696,0.0693 

H  0.1400  0.1401,0.1402,0.1401  0.1398,0.1396 

“  Drying  at  110°  C.;  ignition  at  600°  C.  Factor  for  Pb  i»  PbCrCh  taken 
as  0.6411. 


composition  of  the  precipitated  lead  chromate.  Various  common 
procedures  used  in  precipitating  and  igniting  the  lead  chromate 
are  compared  in  Table  V.  Details  of  precipitation  procedures 
have  been  given  above. 

These  results  and  the  data  given  in  Table  II  indicate  that  when¬ 
ever  a  gravimetric  method  for  lead  is  required,  the  lead  is  best 
precipitated  and  weighed  as  lead  sulfate.  The  precipitation  is 
made  in  a  50%  ethanol  solution  containing  excess  sulfuric  acid. 
The  procedure  (based  on  Method  A)  is  essentially  as  follows: 

Add  12  ml.  of  concentrated  sulfuric  acid  to  the  lead  solution 
that  contains  no  acid-insolubles.  Evaporate  to  fumes  of  sulfuric 
acid  and  continue  the  fuming  until  a  water-clear  liquid  results. 
Use  nitric  acid  or  hydrogen  peroxide  to  aid  in  the  removal  of 
organic  matter.  Cool  to  room  temperature  and  quickly  add  100 
ml.  of  50%  ethanol.  Allow  the  mixture  to  stand  for  several 
hours,  and  filter  through  a  tared  Gooch  crucible  or  porous- 
bottomed  porcelain  crucible.  Transfer  and  wash  the  precipitate 
with  50%  ethanol  containing  4  ml.  of  concentrated  sulfuric  acid 
in  100  ml.  of  solution.  Finally  wash  once  with  absolute  ethanol, 
dry  for  15  minutes  at  100°  C.,  and  ignite  to  constant  weight  at 
600°  C. 

The  standard  deviation  of  this  lead  sulfate  method  (Table  II, 
Method  A)  is  ±0.00018  gram;  the  systematic  error  is  —0.0001 
gram. 

Decomposition  of  Organic  Lead  Compounds  with  Hydro¬ 
chloric  Acid.  Refluxing  a  gasoline  sample  with  concentrated 
hydrochloric  acid  was  successful  in  extracting  the  lead  from  the 
gasoline.  Two  methods  were  used:  (1)  A.S.T.M.  method 
D526  (5)  (Method  11)  in  which  the  gasoline  is  extracted  with 
boiling  concentrated  hydrochloric  acid  and  boiling  water;  and 
(2)  the  modified  method  of  Ferreri  (12)  (Method  10)  in  which  the 
gasoline  is  refluxed  with  concentrated  hydrochloric  acid  and  the 
resulting  mixture  is  evaporated  to  dryness.  The  success  in  ob¬ 
taining  results  of  good  reproducibility  with  these  methods  sug¬ 
gested  that  more  simple  conditions  might  be  used  to  decompose 
tetraethyllead  dissolved  in  gasoline. 

Further  study  of  A.S.T.M.  method  D526  (5)  showed  plainly 
that  the  decomposition  of  the  organic  lead  compounds  took 
place  quickly  and  that  the  prolonged  time  of  reflux  is  necessary 
only  for  extracting  the  inorganic  lead  compounds  from  the  gaso¬ 
line  phase.  These  findings  were  further  substantiated  by  the 
fact  that  more  hydrogen  chloride  than  would  be  required  to  re¬ 
act  with  the  tetraethyllead  present  would  quickly  dissolve  in  the 
gasoline  layer  when  the  gasoline  was  refluxed  with  concentrated 
hydrochloric  acid.  For  comparison,  a  solution  of  sulfuric  acid 
(equivalent  in  acid  strength  to  concentrated  hydrochloric  acid) 
was  found  to  extract  only  a  small  fraction  of  the  lead  when  it  was 
refluxed  with  the  gasoline  in  a  similar  manner.  Complete  ex¬ 
traction  was  also  achieved  using  6  N  hydrochloric  acid.  Appar¬ 
ently  contact  with  an  acid  in  itself  does  not  cause  decomposition 
of  tetraethyllead  under  these  conditions. 

The  foregoing  observations  seem  to  indicate  that  tetraethyllead 
in  gasoline  can  be  completely  decomposed  by  shaking  the  gaso¬ 
line,  at  room  temperature,  with  concentrated  hydrochloric  acid. 
This  contention  was  supported  by  successful  extraction,  at  room 
temperature,  of  all  the  lead  from  gasoline  that  had  been  shaken 
with  concentrated  hydrochloric  acid,  by  the  use  of  6  N  hydro¬ 
chloric  acid  in  one  instance,  and  of  dilute  acetic  acid-ammonium 
acetate  solution  in  another  instance.  In  these  experiments  100 
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ml.  of  gasoline  were  shaken  with  50  ml.  of  concentrated  hydro¬ 
chloric  acid  before  the  extraction  trials  were  made.  The  extrac¬ 
tions  were  time-consuming  when  carried  out  at  room  temperature. 
It  was  also  found  that  the  lead  chloride  compound,  formed  by 
the  reaction  of  the  hydrogen  chloride  and  tetraethyllead,  has  a 
marked  tendency  to  adhere  tenaciously  to  glass  surfaces. 

To  indicate  further  that  the  decomposition  of  tetraethyllead 
with  hydrogen  chloride  was  rapid,  100  ml.  of  gasoline  and  50  ml. 
of  concentrated  hydrochloric  acid  were  placed  in  a  500-ml. 
Erlenmeyer  flask,  and  the  contents  of  the  flask  were  immediately 
evaporated  to  dryness  on  a  hot  plate  with  a  surface  temperature 
of  250°  C.  Analysis  of  the  residue  showed  that  none  of  the  lead 
was  lost  by  volatilization.  If  the  decomposition  of  the  tetra¬ 
ethyllead  were  slow,  some  of  the  lead  should  have  been  lost 
through  the  volatilization  of  unchanged  tetraethyllead.  How¬ 
ever,  further  tests  indicated  that  it  was  necessary  to  mix  the  gaso¬ 
line  and  acid  prior  to  evaporation  in  order  to  ensure  complete 
decomposition. 

These  observations  indicate  that  complete  conversion  of  the 
tetraethyllead  to  inorganic  lead  compounds  can  be  expected  after 
thoroughly  mixing  the  gasoline  with  concentrated  hydrochloric 
acid,  and  evaporating  the  mixture  to  dryness.  After  many  ex¬ 
periments,  the  following  conditions  were  found  to  be  adequate: 
Shake  100  ml.  of  gasoline  with  50  ml.  of  concentrated  hydro¬ 
chloric  acid  for  5  minutes  in  a  glass-stoppered  Erlenmeyer  flask; 
allow  the  mixture  to  stand  10  minutes,  and  evaporate  the  mix¬ 
ture  to  dryness.  The  residue  is  analyzed  for  lead  by  any  appro¬ 
priate  procedure.  This  method  decomposes  tetraethyllead  that 
is  dissolved  in  any  saturated,  cracked,  or  blended  gasoline  motor 
fuel. 

Attempts  were  made  to  decompose  the  tetraethyllead  in  gaso¬ 
line  by  addition  of  glacial  acetic  acid,  trichloroacetic  acid,  acetyl 
chloride  plus  water,  or  gaseous  hydrogen  chloride ;  after  thorough 
mixing,  the  mixtures  were  evaporated  to  dryness.  In  no  case 
did  the  recovery  of  lead  exceed  75%. 

Removal  of  Organic  Matter  Formed  by  Evaporation  of 
Gasoline-Hydrochloric  Acid  Mixtures.  The  evaporation 
of  saturated  gasolines  in  the  presence  of  concentrated  hydro¬ 
chloric  acid  leaves  only  small  amounts  of  organic  matter  asso¬ 
ciated  with  the  lead  chloride  residue.  Oxidation  with  concen¬ 
trated  nitric  acid  suffices  to  remove  the  organic  material,  so  that 
there  is  no  appreciable  interference  with  the  subsequent  lead 
determination.  However,  when  cracked  gasolines  are  similarly 
treated,  polymerized  and  charred  materials  are  found  in  the  lead 
chloride  residue.  These  polymerized  materials  are,  as  a  rule,  in¬ 
completely  removed  by  several  evaporations  with  concentrated 
or  fuming  nitric  acid.  The  oxidized  organic  matter  remaining 
after  the  nitric  acid  treatment  precipitates  lead  ions  in  a  water 
solution  containing  ammonium  acetate  and  a  small  amount  of  ex¬ 
cess  acetic  acid.  Therefore,  the  lead  cannot  be  accurately  de¬ 
termined  either  by  the  molybdate  titration  method  or  by  the 
excess-dichromate  method  unless  these  organic  substances  are 
completely  removed. 

Interfering  organic  material  can  be  completely  oxidized  by 
fuming  with  perchloric  acid  after  the  usual  nitric  acid  oxidation. 
When  the  fuming  is  carried  out  in  an  Erlenmeyer  flask,  so  that 
a  steady  reflux  of  perchloric  acid  takes  place  down  the  sides  of  the 
flask,  all  the  organic  matter  is  removed  in  1  or  2  hours.  Concen¬ 
trated  nitric  acid  added  to  70%  perchloric  acid  is  helpful  where 
the  organic  residue  resists  decomposition.  The  flask  must  be 
covered  by  an  efficient  spray  trap  to  avoid  mechanical  losses 
during  the  fuming  periods.  The  evaporation  should  not  go  to 
dryness;  optimum  results  are  obtained  when  the  flask  contains 
approximately  0.5  ml.  of  liquid  at  the  end  of  the  fuming  period. 
It  is  necessary  to  neutralize  the  excess  perchloric  acid  with  a 
strong  base  before  the  lead  analysis  is  made;  neutralization  with 
ammonium  hydroxide  often  produces  low  results  in  the  subse¬ 
quent  lead  analysis.  This  drastic  treatment  is  necessary  only 
with  highly  cracked  gasolines. 


The  interfering  organic  matter  is  completely  removed  by  fum¬ 
ing  with  sulfuric  acid  along  with  occasional  additions  of  nitric 
acid  or  hydrogen  peroxide,  or  both.  This  is  a  desirable  and  satis¬ 
factory  means  when  determining  the  lead  gravimetrically  as 
lead  sulfate.  It  is  also  usable  in  conjunction  with  the  excess- 
dichromate  method  but  only  after  carefully  removing  almost  all 
the  sulfuric  acid  by  evaporation,  a  slow  and  tedious  process. 
For  this  reason,  the  perchloric  acid  oxidation  is  preferred. 

Decomposition  of  Organic  Lead  Compounds  by  Halogens. 
Halogens  like  bromine  and  iodine  give  almost  instantaneous  de¬ 
composition  of  tetraethyllead  with  the  formation  of  a  lead  halo¬ 
gen  compound  insoluble  in  gasoline.  Bromine  is  unsatisfactory 
for  unsaturated  gasoline  because  it  reacts  energetically  with 
olefins,  producing  very  undesirable  bromination  products  and 
tending  to  prevent  reaction  with  tetraethyllead.  Evaporation 
of  an  unsaturated  gasoline  treated  with  excess  bromine  gives  a 
residue  containing  an  excessive  amount  of  carbon  (often  several 
grams).  Difficult  oxidation  renders  this  method  impractical. 

It  was  found  that  iodine  behaves  in  a  manner  similar  to  bro¬ 
mine  but  with  considerably  less  reaction  with  unsaturated  hydro¬ 
carbons,  a  fact  that  was  independently  observed  by  Gonick  and 
Milano  (14).  Thus,  when  a  mixture  of  unsaturated  gasoline 
and  excess  of  iodine  is  evaporated,  all  the  lead  is  found  in  the 
residue  which  is  readily  oxidized  with  sulfuric  and  nitric  acids. 
However,  iodine  produces  considerably  more  organic  residue 
than  is  produced  by  hydrochloric  acid  under  comparable  condi¬ 
tions  of  unsaturation;  so  much  so  that  it  precludes  the  safe 
application  of  perchloric  acid  even  after  several  treatments  of 
nitric  acid. 

The  use  of  iodine  for  decomposing  tetraethyllead  followed  by 
evaporation  of  the  mixture  was  investigated  for  two  reasons: 
(1)  petroleum  laboratories  are  reluctant  to  use  perchloric  acid 
even  in  carefully  worked  out  procedures;  and  (2)  the  mixture  of 
iodine  and  gasoline  can  be  evaporated  to  dryness  faster  and  with 
less  tendency  to  spatter  than  a  two-phase  mixture  of  hydrochloric 
acid  and  gasoline.  However,  decomposition  by  direct  evaporation 
with  hydrochloric  acid  was  found  preferable  to  decomposition  by 
iodine  because  it  produces  a  smaller  organic  residue  under  com¬ 
parable  conditions. 

RECOMMENDED  METHODS  FOR  DETERMINATION  OF 
TETRAETHYLLEAD 

The  following  two  methods  have  been  thoroughly  tested  and 
found  to  give  satisfactory  results  on  all  types  of  aviation  and 
automotive  gasoline  or  motor  fuel.  Unsaturated  hydrocarbons, 
acids,  bases,  and  other  common  organic  compounds  do  not  inter¬ 
fere  and  do  not  require  preliminary  treatment.  Both  methods 
are  applicable  to  tetraethyllead  fluids  and  concentrates. 

The  direct  hydrochloric  acid  decomposition- method  is  recom¬ 
mended  for  general  application  because,  except  for  gasolines 
unusually  high  in  olefins,  it  leaves  a  residue  that  can  be  freed 
from  organic  matter  by  oxidation  with  nitric  acid  alone.  It  is 
also  recommended  for  highly  unsaturated  gasolines,  or  other  fuel 
blends  leaving  appreciable  organic  residues,  because  the  per¬ 
chloric  acid  oxidation  requires  less  attention  than  oxidation  with 
nitric  and  sulfuric  acids.  The  iodine  decomposition-iodometric 
method  is  recommended  in  those  cases  in  which  the  hydrochloric 
acid  decomposition  method  leaves  a  residue  requiring  use  of  per¬ 
chloric  acid,  when  the  use  of  this  acid  is  not  possible  or  allowable. 

DIRECT  HYDROCHLORIC  ACID  DECOMPOSITION  METHOD 

The  gasoline  is  shaken  with  cold  hydrochloric  acid  and  the 
mixture  evaporated  to  dryness.  Organic  material  remaining  in 
the  residue  is  removed  by  digesting  with  nitric  acid  and,  if  neces¬ 
sary,  perchloric  acid.  After  the  lead  chloride  residue  is  dissolved, 
the  lead  is  determined  volumetrically  by  adding  a  known  volume 
of  dichromate  solution,  filtering  out  the  precipitated  lead  chro¬ 
mate,  and  determining  the  excess  dichromate  iodometrically. 

Apparatus.  Volumetric  flasks,  100-ml.  and  50-ml.,  calibrated 
for  gasoline  delivery  at  15.6°  C. 
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Electric  hot  plate,  with  a  thin  asb.estos  covering,  adjusted  to 
maintain  a  temperature  of  230°  to  260°  C.  as  measured  by  means 
of  a  thermometer  placed  so  that  it  lies  flat  on  the  heating  surface 
with  its  bulb  near  the  center  of  the  surface. 

Air-jet  evaporator,  having  an  orifice  3  to  5  mm.  in  diameter 
and  so  constructed  that  a  stream  of  clean,  filtered  air  may  be  in¬ 
troduced  at  a  rate  of  not  more  than  5  liters  per  minute  into  a 
500-ml.  Erlenmeyer  flask  at  a  point  at  least  30  mm.  above  the 
surface  of  the  liquid  in  the  flask. 

It  is  desirable  that  the  evaporator  also  be  equipped  with  a 
means  of  heating  the  air  stream  to  150°  to  175°  C.  (measured  with 
a  thermometer  held  with  its  bulb  in  the  air  stream  at  a  point  10 
mm.  below  the  orifice). 

Special  Reagents.  Sodium  thiosulfate  solution,  standard 
0.1  N.  For  highest  accuracy,  standardize  according  to  the  pro¬ 
cedure  given  below  in  Procedure  against  25  ml.  of  a  standard 
lead  nitrate  solution  which  contains  4  mg.  of  lead  per  ml. 

Starch  Solution.  Prepare  a  paste  of  5  grams  of  arrowroot 
starch  and  add  to  2  liters  of  boiling  water.  Boil  for  5  to  10 
minutes.  To  preserve  this  solution,  add  5  to  10  mg.  of  c.p. 
mercuric  iodide  to  the  boiling  solution,  allow  to  settle,  and  use 
only  the  clear  supernatant  liquid. 

Gasoline  diluent,  lead-free,  saturated,  aviation-gasoline  base 
stock. 

Sample.  Obtain  the  sample  in  a  dark-colored  glass  bottle 
whenever  possible.  Fill  the  container  as  full  as  possible  consist¬ 
ent  with  safety,  and  keep  tightly  stoppered  to  avoid  loss  of  vola¬ 
tile  constituents  and  decomposition  of  the  tetraethyllead  by 
acid  vapors  in  the  atmosphere.  Do  not  allow  the  sample  to  stand 
more  than  one  or  two  days  before  analyzing. 

Measure  all  samples  within  2  hours  after  opening  the  container; 
do  not  sample  from  partly  filled  containers  except  for  approxi¬ 
mate  work.  In  sampling,  it  is  recommended  that  the  tempera¬ 
ture  be  adjusted  to  15.6°  ±  2°  C.  by  placing  the  container  in  a 
bath  at  that  temperature  for  30  minutes  or  longer  before  opening. 
For  convenience,  samples  may  be  measured  at  moderate  room 
temperatures  and  the  volumes  corrected  to  60°  F.  (see  Table 
VII);  however,  to  avoid  excessive  evaporation  losses  during 
sampling,  samples  must  not  be  taken  at  temperatures  above 
30°  C.  (86°  F.). 

Procedure.  Into  a  500-ml.  glass-stoppered  Erlenmeyer  flask, 
introduce  quantities  of  sample  and  gasoline  diluent  as  indicated 
in  Table  VI.  For  gasoline  samples,  measure  and  record  the 
'temperature  (to  1°  C.)  or,  preferably,  adjust  the  temperature  to 
15.6°  ±  2°  C.  Measure  gasoline  samples  by  means  of  volumet¬ 
ric  flasks  which  have  been  calibrated  for  gasoline  delivery  at 
15.6°  C.;  weigh  tetraethyllead  fluid  in  a  Lunge  pipet. 


Table  VI.  Recommended  Sample  Sizes 


Range,  Ml.  of 

Type  of  Sample  TEL  per  Gallon 


Sample,  Ml.  Diluent,  Ml. 


Gasoline 
TEL  fluid 


0  to  3 
3  to  6 

39  to  45%  Pb 


100  . 

50  45  to  50 

0 . 15  to  0 . 25  gram”  90  to  100 


°  Weights  based  upon  present  commercial  tetraethyllead  fluids  and  an 
optimum  of  70  to  100  mg.  of  lead  present  in  analysis. 


Add  50  ml.  of  12  Ar  hydrochloric  acid,  stopper  tightly,  and 
swirl  briefly.  Loosen  the  stopper  to  release  any  pressure  gen¬ 
erated,  restopper  tightly,  and  shake  vigorously  for  5  to  6  minutes, 
keeping  the  stopper  firmly  in  place  to  avoid  any  loss  of  liquid. 
Allow  the  mixture  to  stand  for  10  to  15  minutes.  Carefully  re¬ 
move  the  stopper  and  rinse  it  with  a  small  quantity  of  water. 
Evaporate  the  contents  of  the  flask  to  complete  dryness  on  the 
hot  plate,  aiding  the  evaporation  by  use  of  the  air  jet.  If  a 
sublimate  appears  on  the  neck  of  the  flask,  remove  by  carefully 
heating  with  a  Bunsen  flame. 

Note.  Use  of  the  air  jet  appreciably  shortens  the  evaporation 
time,  aids  in  removing  the  heavy  ends,  and  reduces  spattering  when 
analyzing  unsaturated  gasolines.  When  analyzing  saturated  avia¬ 
tion  gasolines,  satisfactory  results  can  be  obtained  without  use  of  the 
air  jet. 

Allow  the  flask  to  cool,  add  5  ml.  of  16  N  nitric  acid,  and  with¬ 
out  using  the  air  jet  evaporate  slowly  to  dryness  on  a  hot  plate. 
If  the  resulting  residue  contains  more  than  traces  of  brown  or 
black  charred  material,  repeat  the  nitric  acid  evaporation,  taking 
care  that  the  acid  contacts  any  residue  which  had  spattered 
onto  the  sides  of  the  flask.  If  the  resulting  residue  still  shows 
more  than  traces  of  carbonized  materials,  add  5  ml.  of  16  N 
nitric  acid  and  2  ml.  of  70%  perchloric  acid,  place  a  short- 
stemmed  funnel  covered  with  a  ribbed  watch  glass  in  the  neck 


of  the  flask,  and  evaporate  to  fumes.  ( Caution .  If  improperly 
carried  out,  the  use  of  perchloric  acid  may  lead  to  an  explosion; 
therefore,  the  face  and  body  should  be  protected  by  a  mask  or 
shield  during  the  fuming  with  perchloric  acid.)  Fume  for  1 
hour  or  until  the  liquid  in  the  flask  becomes  colorless. 

Note.  Sufficient  heat  must  be  supplied  by  the  hot  plate  to  cause 
the  perchloric  acid  to  reflux  freely  down  the  sides  of  the  flask.  If  this 
refluxing  does  not  take  place,  the  oxidation  may  be  incomplete. 
Do  not  evaporate  to  dryness,  but  regulate  conditions  so  that  approxi¬ 
mately  0.5  ml.  of  liquid  remains  in  the  flask  at  the  end  of  the  per¬ 
chloric  acid  treatment.  The  covered  funnel  is  necessary  to  trap  any 
spray  losses. 


Wash  down  the  flask  (and  funnel  if  used)  with  approximately 
75  ml.  of  water  and  boil  the  solution  for  several  minutes.  Neu¬ 
tralize  the  solution  to  litmus  with  6  N  sodium  hydroxide  solution 
and  make  the  solution  just  acid  to  litmus  with  50%  acetic  acid 
solution.  (Presence  of  a  white  precipitate  at  this  point  may  in¬ 
dicate  incomplete  oxidation  of  the  organic  residue;  more  than  a 
mere  cloudiness  will  cause  the  results  to  be  in  error.) 

Add  2  grams  of  ammonium  acetate  and,  from  a  pipet,  20  ml. 
of  0.1  N  potassium  dichromate  solution.  Heat  the  solution  just 
below  boiling  until  the  precipitate  changes  to  an  orange  color 
and  settles  out  readily.  Cool  to  room  temperature;  filter 
through  a  No.  42  Whatman  filter  paper  into  a  500-ml.  Erlen¬ 
meyer  flask  and  wash  the  flask  and  the  filter  with  three  portions 
of  cold  2%  ammonium  acetate  solution.  To  the  combined  filtrate 
and  washings  add  10  ml.  of  12  N  hydrochloric  acid  and  10  ml.  of 
10%  potassium  iodide  solution.  Allow  the  solution  to  stand  3  to 
4  minutes  and  titrate  with  standard  0.1  If  sodium  thiosulfate 
solution  until  the  solution  turns  yellow;  add  3  to  5  ml.  of  starch 
solution  and  continue  the  titration,  drop  by  drop,  until  the  dark 
blue  color  changes  to  a  clear  green.  Mix  well  by  swirling  after 
each  increment  of  thiosulfate  solution. 

Make  duplicate  blank  determinations  by  repeating  the  entire 
procedure  but  omitting  the  sample;  use  the  same  amount  of 
potassium  dichromate  solution  as  added  in  analyzing  the  sample. 
Use  the  average  of  the  blank  titrations  in  calculating  the  results. 

Calculation.  Gasoline  Samples.  Calculate  the  lead  content 
as  milliliters  of  tetraethyllead  per  U.  S.  gallon  at  60°  F.  by  means 
of  the  following  equation: 


Tetraethyllead,  ml.  per  gal.  at  60°  F. 


(B  -  S)  (A0  (247.4) 

B 


where 

S  =  ml.  of  sodium  thiosulfate  solution  used  in  analysis 
B  =  average  volume  of  sodium  thiosulfate  solution  used  in 
blank  determinations 

N  =  normality  of  sodium  thiosulfate  solution 
V  =  volume  of  sample  at  60°  F.,  ml.  If  sample  was  measured 
at  a  temperature  other  than  15.6  =*=  2°  C.,  use  for  Uthe 
appropriate  corrected  volume  given  in  Table  VII. 

Tetraethyllead  Fluid.  Calculate  the  lead  content  by  means  of 
one  of  the  following  equations: 


Lead  content,  %  by  weight 


(B  -  S)  (AT)  (6.91) 
W 


. .  (B  -  S)(N)  (0.06535) 

Tetraethyllead,  ml.  per  gram  =  - - 

where 

S  =  ml.  of  sodium  thiosulfate  solution  used  in  analysis 
B  =  average  volume  of  sodium  thiosulfate  solution  used  in 
blank  determinations 

N  —  normality  of  sodium  thiosulfate  solution 
W  =  weight  of  sample,  grams 


IODINE  DECOMPOSITION-IODOMETRIC  METHOD 

The  tetraethyllead  is  decomposed  by  mixing  the  gasoline  with 
a  solution  of  iodine  in  carbon  tetrachloride.  The  mixture  is 
evaporated  to  dryness  and  any  remaining  organic  material  de- 


Tablc  VII.  Gasoline  Volumes  Corrected  to  60°  F. 


Temperature,  0  C. 


Volume  at  60°  F.,  Ml. 


10 

15 

15.6 

20 

25 

30 


50.4° 

100. 7& 

50.1 

100.1 

50.0 

100.0 

49.8 

99.5 

49.4 

98.8 

49.1 

98.2 

a  50-ml.  sample  measured. 
f>  100-ml.  sample  measured. 
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able  VIII. 


Precision  and  Accuracy  of  Recommended  Direct  Evaporation  Methods  Applied 
to  Leaded  Gasoline  and  Tetraethyllead  Fluid 

results  for  fluid  in  %  by  weight) 

Standard  Systematic 


(All  results  for  gasoline  in  ml.  of  TEL  per  U.  S.  gallon  at  15.6 

Lead  Content 


Material 


aturated  aviation 
gasoline® 


Tnsaturated  motor 
gasoline6 


fetraethyllead  fluid 


Tnsaturated  motor 
gasoline6 


True  Found 

Hydrochloric  Acid  Decomposition  Method 

0  00  <0.01,  <0.01,  <0.01 

2  06,  2 . 07,  2 . 05,  2 . 07,  2 . 05,  2 . 06,  2 . 07 
3.08,  3.05,  3.06,  3.07 
3.08  3.07,3.09 

3.08  3.08,3.08,3.06 

0  05  0  06,0.06,0.06,0.06 

0.27  0.28,0.28,0.28,0.28 

1.02  1.02,1.02,1.02,1.03 

2  14  2.12,2.14,2.15,2.16,2.16,2.13,2.13 

2.03  2.04,2.03,2.02,2.04 

3.03  3.01,3.01,3.02,3.01 

3.63  3.63,3.64,3.63,3.63  „  „„ 

3  63  3.62,3.61,3.62,3.60,3.62,3.62,3.61,3.62 

3.94  3.95,3.94,3.93,3.95 

4  64  4.64,4.64,4.65,4.63 

5.81  5.81,5.79,5.82,5.76 

40.354  40.30,40.36 

39 . 68e  40 . 00,  40 . 00,  39 . 90,  39 . 90 

Iodine  Decomposition — Iodometric  Method 

3  63  3.62,3.64,3.63,3.63,3.64,3.63,3.63 

3.94  3.95,3.94,3.94 


Mean 

Deviation 

Error 

<0.01 

2.06 

o.oos 

3 . 065 

0.011 

3.08 

0.00 

3.075 

-0.005 

0.06 

0.60 

+0.01 

0.280 

0.00 

+0.01 

1.023 

0.024 

+  0.003 

2.14 

0.015 

0.00 

2.03 

0.009 

0.00 

3.013 

0.004 

0.017 

3.63 

0.005 

0.00 

3.62 

0.009 

-0.00 

3.94 

0.009 

0.01 

4.64 

0.007 

0.00 

5.795 

0.023 

-0.015 

40.33 

<0  1 

39.95 

0.05 

+  0.27 

3.63 

0.007 

0.00 

3.94 

.  .  . 

0  00 

°  5%  or  less  of  olefins. 

6  Approximately  50%  olefins. 

c  Oxidation  by  HNO3  and  H2SO4  instead  of  HCIO4. 
i  By  A.S.T.M.  D526. 

«  By  bromine-lead  sulfate  gravimetric  method  (4  tests). 


itroyed  by  treatment  with  sulfuric  and  nitric  acids.  The  lead 
;alts  are  dissolved  in  ammonium  acetate  solution  and  the  lead  is 
ietermined  volumetrically  by  adding  a  known  volume  of  dichro- 
nate  solution,  filtering  out  the  precipitated  lead  chromate,  and 
letermining  the  excess  dichromate  iodometrically. 

Apparatus,  Special  Reagents,  and  Sample.  Same  as  in 
Receding  method. 

Procedure.  Into  a  500-ml.  Erlenmeyer  flask,  introduce 
luantities  of  sample  and  gasoline  diluent  as  indicated  in  Table 
vT.  For  gasoline  samples,  measure  and  record  the  temperature 
to  1°  C.)  or,  preferably,  adjust  the  temperature  to  15.6°  ±  2°  C. 
Measure  gasoline  samples  by  means  of  volumetric  flasks  that  have 
jeen  calibrated  for  gasoline  delivery  at  15.6°  C.;  weigh  tetra¬ 
ethyllead  fluid  in  a  Lunge  pipet. 

Add  50  ml.  of  the  iodine  solution  (saturated  solution  in  carbon 
tetrachloride),  swirl  to  mix,  and  allow  to  stand  for  2  to  3  minutes. 
Evaporate  to  complete  dryness  on  the  hot  plate,  aiding  the 
evaporation  by  use  of  the  air  jet.  If  a  sublimate  appears  on  the 
ieck  of  the  flask,  remove  by  carefully  heating  with  a  Bunsen 
lame. 

Note.  Use  of  the  air  jet  appreciably  shortens  the  evaporation 
time,  aids  in  removing  the  heavy  ends,  and  reduces  spattering  when 
analyzing  unsaturated  gasolines.  When  analyzing  saturated  avia¬ 
tion  gasolines,  satisfactory  results  can  be  obtained  without  use  of  the 
air  jet. 

To  the  residue,  add  2  ml.  of  18  N  sulfuric  acid  and  20  ml.  of 
16  N  nitric  acid.  Evaporate  to  strong  sulfuric  acid  fumes  on  a 
hot  plate  without  using  the  air  jet.  Allow  the  flask  to  cool  for  a 
few  minutes  and  repeat  the  evaporation  with  3-  to  5-ml.  portions 
of  16  N  nitric  acid  until  a  light  yellow-colored  solution  is  ob¬ 
tained.  Add  1  to  2  ml.  of  30%  hydrogen  peroxide  with  swirling 
and  evaporate  to  sulfuric  acid  fumes.  If  the  solution  is  not 
colorless  (or  nearly  so),  repeat  the  treatment  with  nitric  acid 
and  hydrogen  peroxide.  Should  additional  sulfuric  acid  be  re¬ 
quired  during  the  oxidation  procedure,  replenish  with  not  more 
than  2  ml.  of  the  18  N  acid.  After  a  colorless  solution  has  been 
obtained,  remove  the  excess  sulfuric  acid  by  evaporating  to  dry¬ 
ness  with  the  aid  of  an  air  stream,  using  only  enough  air  to  keep 
the  sulfuric  acid  fumes  coming  off  at  a  steady  rate.  If  the  residue 
is  dark  in  color,  add  3  to  5  ml.  of  16  N  nitric  acid  and  evaporate 
to  dryness.  Add  70  to  75  ml.  of  distilled  water,  boil  the  solution 
for  several  minutes,  make  the  solution  neutral  to  litmus  with 
6  N  sodium  hydroxide,  then  make  just  acid  with  acetic  acid.  Add 
2  grams  of  ammonium  acetate,  heat  to  boiling,  and  boil  for  2  to  3 
minutes.  If  the  residue  does  not  dissolve,  add  another  2  grams 
of  ammonium  acetate  (but  no  more)  and  boil  until  solution 
occurs. 


By  means  of  a  pipet,  add  20 
ml.  of  0.1  N  potassium  di- 
chromate  solution.  Heat  the 
solution  just  below  boiling  until 
the  precipitate  changes  to  an 
orange  color  and  settles  out 
readily.  Cool  to  room  tem¬ 
perature;  filter  through  a 
No.  42  Whatman  filter  paper 
into  a  500-ml.  Erlenmeyer  flask 
and  wash  the  flask  and  the 
filter  with  three  portions  of 
cold  2%  ammonium  acetate 
solution.  .To  the  combined 
filtrate  and  washings  add  10ml. 
of  12  N  hydrochloric  acid  and 
10  ml.  of  10%  potassium  iodide 
solution. 

Allow  the  solution  to 
stand  3  to  4  minutes  and  ti¬ 
trate  with  standard  0.1  N 
sodium  thiosulfate  solution 
until  the  solution  turns  yellow; 
add  3  to  5  ml.  of  starch  solu¬ 
tion  and  continue  the  titration, 
drop  by  drop,  until  the  dark 
blue  color  changes  to  a  clear 
green.  Mix  well  by  swirling 
after  each  increment  of  thio¬ 
sulfate  solution. 

Make  duplicate  blank  deter¬ 
minations  by  repeating  the 
entire  procedure  but  omitting 
the  sample;  use  the  same 
amount  of  potassium  di¬ 
chromate  solution  as  added  in 
analyzing  the  sample.  Use  the 


average  of  the  blank  titrations  in  calculating  the  results. 
Calculation.  Same  as  in  preceding  method. 


DISCUSSION 

During  the  past  5  years  the  direct  hydrochloric  acid  decompo¬ 
sition  method  has  been  applied  successfully  to  more  than  a 
thousand  samples  of  gasoline.  The  samples  tested  have  been 
primarily  of  the  saturated  type,  but  they  have  included  all  varie¬ 
ties  of  experimental  gasoline  blends  and  motor  fuels  that  have 
been  encountered  since  the  beginning  of  the  present  emphasis  on 
aviation  gasoline.  The  method  has  given  satisfactory  results 
on  samples  of  unsaturated  gasoline  to  which  have  been  added 
several  per  cent  of  typical  volatile  organic  compounds,  including 
aldehydes,  ethers,  amines,  esters,  and  alcohols.  Only  a  com¬ 
paratively  few  samples  have  been  analyzed  by  the  iodine  de- 
composition-iodometric  method,  but  satisfactory  results  have 
been  obtained  in  all  tests,  even  though  all  samples  were  highly 
unsaturated. 

The  method  is  most  advantageous  in  simultaneous  analysis  of  a 
large  number  of  samples;  the  various  operations  (such  as  evap¬ 
oration,  filtering,  titration,  etc.)  are  such  that  10  to  15  samples 
can  conveniently  be  carried  along  together,  each  sample  requir¬ 
ing  a  minimum  of  individual  attention.  Another  attractive 
feature  is  the  lack  of  any  special  apparatus  or  technique  other 
than  that  common  to  general  analytical  practice.  The  elapsed 
time  per  analysis  is  generally  3  to  4  hours,  depending  on  the  de¬ 
gree  of  unsaturation  of  the  sample.  However,  12  to  15  individual 
saturated  gasoline  samples  or  8  to  10  highly  unsaturated  samples 
can  be  completed  in  a  normal  8-hour  day.  Untrained  as  well  as 
trained  analysts  generally  master  the  method  in  several  days  of 
steady  application.  Another  desirable  feature  is  that  the  method 
is  applicable  to  any  gasoline  without  knowledge  of  its  previous 
treatment  or  of  possible  contaminants  present. 

The  precision  and  accuracy  of  the  recommended  direct  decom¬ 
position  procedures  were  determined  by  analysis  of  synthetic 
gasoline  blends.  The  blends  were  made  by  mixing  weighed  por¬ 
tions  of  aviation  base  stock  or  unsaturated  motor  stock  with 
weighed  portions  of  carefully  analyzed  tetraethyllead  fluid  in 
such  a  manner  that  the  lead  content  of  the  mixture  was  known  to 
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2  parts  in  a  thousand.  The  tetraethyllead  fluid  was  analyzed  by 
adding  the  sample  to  carbon  tetrachloride,  adding  an  excess  of 
bromine,  carefully  evaporating  to  dryness,  and  determining  the 
lead  gravimetrically  as  lead  sulfate  or  volumetrically  by  the 
excess-dichromate  method. 

As  shown  in  Table  VIII,  the  precision  and  accuracy  of  both 
methods  are  within  the  following  maximum  amounts: 

Difference  of  Result  from  Mean 


One  operator 

Different  operators 

and  apparatus 

and  apparatus 

Gasoline,  ml.  TEL  per  gal.  0.01 

0.02 

TEL  fluid,  %Pb  0.2 

0.4 

Difference  of  Result  from  True  Value 

Gasoline,  ml.  TEL  per  gal. 

0.02 

TEL  fluid,  %  Pb 

0.4 

The  application  of  these  methods  by  inexperienced  analysts 
has  served  to  emphasize  certain  technical  difficulties.  Since 
these  difficulties  may  be  encountered  in  other  laboratories  em¬ 
ploying  this  method  for  the  first  time,  the  following  suggestions 
found  useful  and  expedient  in  analyzing  difficult  samples  are 
offered : 

1.  While  the  methods  as  written  are  readily  applicable  to 
saturated  or  unsaturated  hydrocarbons,  it  is  suggested  that  the 
analyst  familiarize  himself  with  the  technique  by  analyzing 
ordinary  saturated  aviation  gasoline  blends  before  attempting 
other  samples.  In  such  tests,  perchloric  or  sulfuric  acid  oxidation 
is  not  necessary,  nitric  acid  sufficing. 

2.  For  unsaturated  samples,  for  gasolines  of  unknown  com¬ 
position,  and  for  those  containing  more  than  3  ml.  of  tetraethyl¬ 
lead  per  gallon,  it  is  advisable  to  use  50-ml.  samples  mixed  with 
50  ml.  of  saturated  aviation  gasoline  base  stock.  This  is  not  to 
reduce  loss  of  volatile  lead  but  to  avoid  unnecessary  problems  in 
the  determination  of  the  lead  or  in  oxidizing  extraneous  organic 
material.  In  some  cases,  this  obviates  the  necessity  of  using 
perchloric  or  sulfuric  acids,  repeated  oxidation  with  nitric  acid 
being  sufficient. 

3.  Any  mechanical  loss  during  shaking  operations  must  be 
avoided  in  application  of  the  hydrochloric  acid  decomposition 
method.  After  the  shaking  is  completed,  the  stopper  must  be 
held  firmly  in  place  until  all  liquid  has  drained  away  from  the 
stopper. 

4.  In  the  initial  evaporation,  the  flask  should  be  allowed  to 
go  completely  dry  (free  from  vapor)  while  standing  on  the  hot 
plate  maintained  at  the  specified  temperature;  in  fact,  a  short 
baking  period  is  desirable.  Any  sublimate  in  the  neck  of  the 
flask  should  be  removed  by  careful  heating  with  the  flame  of  a 
burner.  These  conditions  greatly  expedite  the  removal  of  or¬ 
ganic  matter  later  and  avoid  entirely  any  possibility  of  “flashing” 
when  the  residue  is  treated  with  nitric  acid. 

5.  The  use  of  the  air-jet  evaporator  greatly  speeds  up  evapora¬ 
tions,  but  is  not  absolutely  necessary  except  to  avoid  bumping 
and  spattering  when  analyzing  unsaturated  gasolines.  The  use 
of  hot  air  not  only  speeds  up  evaporations  but,  more  important, 
is  more  effective  in  avoiding  loss  by  spattering. 

6.  If  the  dry  residue  is  given  several  thorough  preoxidations 
with  nitric  acid  (taking  care  to  treat  any  spatterings),  there  ap¬ 
pears  to  be  no  danger  in  the  subsequent  use  of  perchloric  acid; 
no  instances  of  explosions  are  on  record  in  this  laboratory.  It  is 
important  to  use  the  funnel-cover  glass  spray  trap  arrangement 
and  to  continue  the  perchloric  acid  treatment  until  oxidation  is 
complete. 

7.  Unless  the  analyst  is  experienced  in  the  use  of  the  excess- 
dichromate  lead  method,  it  is  advisable  each  day  to  make  the 
blank  determination  specified  and  to  determine  the  normality 
of  the  thiosulfate  solution  independently,  preferably  by  analyzing 
a  standard  lead  nitrate  solution  at  the  same  time  that  the  samples 
are  being  analyzed.  The  volume  of  thiosulfate  solution  equiva¬ 
lent  to  the  amount  of  lead  present  is  given  by  the  difference  be¬ 
tween  the  sample  titration  and  blank  titration;  independent 
standardization  of  the  thiosulfate  and  dichromate  solutions  is 
unnecessary  and  increases  magnitude  of  possible  errors. 

The  use  of  nitric  acid  and  potassium  chlorate  mixture  (14)  is 
sometimes  advocated  as  a  safe  substitute  for  perchloric  acid. 
Under  comparable  conditions,  this  mixture  can  be  just  as  hazard¬ 
ous  as  perchloric  acid,  if  not  more  so.  There  has  been  no  ap¬ 
parent  difficulty  in  the  use  of  nitric  and  sulfuric  acids  for  oxida¬ 
tion  purposes. 

It  is  known  that  extraction  with  aqueous  solutions  serves  to  re¬ 


move  certain  substances  whose  presence  complicates  the  oxida¬ 
tion  step  in  these  and  other  methods  such  as  A.S.T.M.  D526 
(6).  This  preliminary  treatment  is  objectionable  because  of  the 
possibility  of  mechanical  loss  of  lead  and  of  loss  of  lead  by  solu¬ 
bility  in  the  extracting  solution.  Serious  errors  were  found  in 
extracting  oxidized  gasoline,  or  gasoline  exposed  to  sunlight,  with 
approximately  0.1  N  acid  solution,  a  loss  of  0.15  ml.  of  tetra¬ 
ethyllead  per  gallon  being  found  with  gasoline  (containing  3  ml. 
of  tetraethyllead  per  gallon)  exposed  to  the  sun  for  only  20 
minutes. 

The  direct  hydrochloric  acid  decomposition  procedure  has 
been  found  useful  in  the  accurate  and  dependable  removal  of  iron, 
copper,  and  other  metals  from  all  types  of  gasoline.  The  treat¬ 
ment  leaves  an  inorganic  residue  that  is  particularly  suited  for 
analysis  by  conventional  macro-  or  micromethods.  By  suitable 
changes  in  apparatus,  as  much  as  500  ml.  of  sample  may  be 
analyzed  for  traces  of  metals. 
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Correction.  In  the  article  entitled  “Tentative  Procedure  fo 
Testing  the  Variability  of  Normal  and  Concentrated  Latex 
[Ind.  Eng.  Chem.,  Anal.  Ed.,  11,  593  (1939)]  the  formula; 
printed  at  the  top  of  the  first  column  of  page  597  should  haw 
been  written  as  follows: 
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Determining  the  Aromatic  Content  of  Cracked  Gasolines 

by  Specific  Dispersion 

Correction  for  Olefins 

SIGURD  GROENNINGS,  Shell  Development  Company,  Emeryville,  Calif. 


1  determining  the  aromatic  content  of  cracked  gasolines  by  specific 
ispersion,  correction  must  be  made  for  the  specific  dispersion  of  the 
lefins.  This  correction  has  been  calculated  from  available  litera- 
ure  data  and  found  to  vary  considerably  with  the  class  of  olefins, 
rith  the  structure  of  olefins  of  the  same  class,  and  with  the  boiling 
.oint.  An  estimate  of  the  reliability  of  the  recommended  correc- 
on  factors  is  presented;  also,  as  far  as  possible,  the  accuracy  of 
fie  specific  dispersion  method  has  been  determined  experimentally. 


rHIS  method,  developed  by  Grosse  and  Wackher  (1),  is 
based  on  the  fact  that  the  specific  dispersion  of  the  aro- 
aatics  is  appreciably  higher  than  that  of  the  saturates  (naph- 
henes  and  paraffins)  which  is  nearly  constant.  Hence,  the  aro- 
natic  content  of  a  gasoline  may  be  determined  by  measuring  its 
pecific  dispersion  increment  over  that  of  the  saturates.  (This 
iresupposes  that  the  specific  dispersion  of  the  type  of  aromatics 
iresent  may  be  estimated  with  satisfactory  accuracy,  which  is 
larticularly  the  case  with  lower  and  middle  boiling  fractions 
ontaining  single  aromatics — viz.,  benzene  or  toluene.) 

The  specific  dispersion  of  the  olefins  is  also  higher  than  that 
if  the  saturates,  and  when  present,  as  in  cracked  gasoline  stock, 
ilefins  will  cause  a  specific  dispersion  increment  which,  if  not 
orrected  for,  will  give  too  high  a  value  for  the  aromatic  con- 
ent. 

The  aromatic  content  may  be  expressed  by  the  following 
-quation : 

Aromatics,  %w  = 

~S,  —  98  —  /i  X  Br  No.  —  /2  X  M.A.V. ^ 
Sa  —  98  J 

vhere 


%w  =  per  cent  by  weight 

S,  =  specific  dispersion,  Uf  Uc  X  101  of  the  sample  at 
20°  C. 

Sa  —  specific  dispersion  of  the  aromatics  present 

98  =  estimated  average  specific  dispersion  of  the  saturates. 

[For  greater  accuracy,  the  determined  specific  dis¬ 
persion  of  the  saturates  as  obtained  by  silica  gel 
treatment  is  used  instead  of  98.  An  adaptation  of 
the  silica  gel  treatment  as  described  by  Mair  and 
Forziati  (2)  is  used.] 

fi  =  factor  correcting  for  the  specific  dispersion  of  mono¬ 
olefins  and  nonconjugated  noncyclic  diolefins 
present 

fi  =  factor  correcting  for  the  specific  dispersion  of  con¬ 
jugated  diolefins  present 

C  =  correction  for  the  deviation  from  linearity  of  the  re¬ 
lation  of  specific  dispersion  to  aromatic  content 
V.A.V.  —  maleic  anhydride  value 

The  bromine  number  is  expressed  as  grams  of  bromine  con¬ 
sumed  by  100  grams  of  sample,  and  the  maleic  anhydride  value 
is  milligrams  of  maleic  anhydride  consumed  by  1  gram  of  sample. 


The  necessity  of  a  good  evaluation  of  the  olefin  correction  may 
3e  illustrated  by  the  following  example:  If  in  calculating  the  aro¬ 
matic  content  of  a  toluene  fraction  containing  25%  monoolefins, 
me  uses  a  correction  factor  which  is  in  error  by  15%  of  its  true 
lvalue,  the  resulting  error  in  the  aromatic  content  can  be  shown 
to  amount  to  1%,  which  is  already  the  expected  accuracy  of  the 
method  as  applied  to  olefin-free  material.  This  error  increases 
lirectly  with  the  olefin  content. 


Calculation  of  the  correction  for  the  simplest  and  probably 
most  commonly  occurring  olefins  from  available  data  is  outlined 
below. 

CALCULATION  OF  OLEFIN  CORRECTION 

The  specific  dispersion  increment  due  to  the  presence  of  olefins 
is  very  nearly  a  linear  function  of  the  olefin  content;  for  mod¬ 
erately  high  olefin  contents  the  deviation  may  be  considered 
negligible  in  view  of  the  accuracy  of  the  method.  Since  the 
olefin  content  is  measured  by  the  amount  of  bromine  absorbed, 
the  increment  is  directly  proportional  to  the  theoretical  bromine 
number.  Hence,  the  correction  factor  to  be  applied  equals  the 
specific  dispersion  increment  of  olefins  per  unit  bromine  number 
and  is  obtained  by  dividing  the  increment  by  the  theoretical 
bromine  number. 

Specific  Dispersion.  Since  the  interest  in  specific  dispersion 
of  pure  hydrocarbons  is  relatively  recent,  only  a  limited  amount 
of  data  may  be  found  in  the  literature.  The  most  comprehen¬ 
sive  collection  is  probably  contained  in  Grosse  and  Wackher’s 
publication  (I).  Therefore,  their  data  have  been  employed  in 
the  present  calculations,  but  augmented  and  in  part  supple¬ 
mented  by  data  accumulated  in  these  laboratories  as  selected 
best  values  from  a  critical  literature  review. 

The  magnitude  of  the  specific  dispersion  of  the  main  hydro¬ 
carbon  groups — viz.,  saturates  (naphthenes  and  paraffins),  aro- 


40  60  80  100  120  140  160  180  200  220 

BOILING  POINT,  *C. 

Figure  1.  Specific  Dispersion  of  Aromatics,  Olefins,  and 
Saturates  vs.  Boiling  Point 
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matics,  and  olefins — is  shown  graphically  in  Figure  1  where  they 
have  been  plotted  against  boiling  point  (data  for  olefins  from 
Tables  I  and  II). 

The  average  values  for  naphthenes  and  for  paraffins  cannot  be 
distinguished  from  one  another.  In  general,  the  specific  disper¬ 
sion  values  for  these  two  groups  lie  between  97  and  99,  varying 
somewhat  with  the  extent  and  mode  of  branching  and  with  the 
boiling  point.  Any  trend  in  this  respect  has  not  yet  been 
definitely  ascertained,  owing  to  the  low  accuracy  with  which  most 
of  these  measurements  have  been  carried  out  in  the  past. 

The  aromatics  in  gasoline  are  almost  all  monocyclic  (benzenes), 
the  specific  dispersion  trend  of  which  is  approximately  as  indi¬ 
cated  in  the  graph.  (Since  bicyclic  aromatics  have  much  higher 
specific  dispersions,  higher  boiling  fractions  containing  both 
mono-  and  bicyclic  aromatics  cannot  be  analyzed  by  the  present 
method.  Though  the  lowest  boiling  bicyclic  aromatic,  naphtha¬ 
lene,  boils  at  218°,  traces  have  been  observed  in  material  boiling  as 
low  as  180°  C.,  due  to  azeotropism.  This  introduces  an  error  in 


the  analysis  of  the  uppermost  fraction  of  motor  gasoline,  but  this 
error  may  be  negligible  in  analysis  of  the  full  range  gasoline.) 

The  specific  dispersion  of  the  olefins  is  intermediate  between 
those  of  the  saturates  and  the  aromatics;  the  conjugated  diole¬ 
fins  make  an  exception,  as  their  specific  dispersion  is  higher  than 
that  of  the  aromatics.  There  is  a  distinct  difference  between  the 
cyclic  and  noncyclic  forms  of  each  class  of  olefins,  the  specific 
dispersion  of  the  former  is  lower  than  that  of  the  latter. 

On  drawing  smooth  lines  through  the  points,  it  becomes  ap¬ 
parent  that  the  curves,  if  extrapolated  beyond  the  gasoline  range, 
slowly  approach  the  saturate  base  line  of  specific  dispersion  of 
about  98.  These  curves  are  in  general  agreement  with  those 
obtained  by  Ward  and  Kurtz  (3).  The  fines  cannot  be  straight, 
for  in  that  case  they  would  eventually  intersect  the  saturate  base 
fine,  which  is  impossible.  (The  exceptional  direction  of  the  curve 
for  cyclic  conjugated  diolefins  may  be  explained  by  the  combined 
exalting  effect  of  cyclization  and  olefinic  double  bonds.) 

Theoretical  Bromine  Number.  By  the  aid  of  theoretical 

bromine  number  and  the  boiling 


Table  I.  Specific  Dispersion  Increment,  \,  per  Unit  Theoretical  Bromine  Number  of  Monoolefms 

of  the  Gasoline  Range 


Compound 

Noncyclic 

2-Pentene  ( trans ) 

2-Pentene  (cis) 

2- Methyl-2-butene 
4-Methyl-  1-pentene 
4-Methyl-2-pentene  (cis) 
4-Methyl-2-pentene  (trans) 

3- Methyl-2-pentene  (cis) 
3-Methyl-2-pentene  (trans) 

2- Methyl-2-pentene 

1- Hexene 

3- Hexene  (cis) 

3-Hexene  (trans) 

2- Hexene 

2,4-Dimethyl-2-pentene 

1- Heptene 

3- Ethyl-2-pentene 

2.3.3- Trimethyl-l-butene 

2.4.4- Trimethyl-(l  +  2)-pentene 

3- Ethyl-3-hexene 

2- Ethyl-  1-hexene 

4- Methyl-3-heptene 
2-Propyl-l-pentene 

1- Oetene 

2- Octene 

3- Ethyl-3-heptene 

2, 7- Dimethyl- x-octene 

4- Propyl-3-heptene 
1-Decene 

4- Propyl-3-decene 

5- Butyl-3-nonene 

Cyclic 

Cyclopentene 

Methyleyclopentene 

Cyclohexene 

Ethylcyclopentene 

1 ,  l-Dimethyl-3-cyclohexene 

1.2- Dimethyl-(3  +  4)-cyelohexene 

1.3- Dimethyl-3-cyclohexene 

1.3- Dimethyl-4-cyeIohexene 

1.3- Dimethyl-5-cyelohexene 

1.4- Dimethyl-l-cyclohexene 
n-Propylcyclopentene 
1-EthyI-l-cyclohexene 

1.2- Dimethyl-l-cyclohexene 

1.1. 2- Trimethy  1-4-cyclohexene 

1 . 3-Dimethyl-2-ethyl-l-cyclopentene 
ferf-Butylcyclopentene 

1.3. 5- T  rimethyl-x-cyclohexene 

1.2.5- Trimethyl-4-cyclohexene 

1.1. 2- T  rimethyl-2-cyclohexene 

1 . 2 .3- Trimethyl-4-cyclohexene 

1, 2-Diethyl- x-cyclopentene 
1-Isopropyl-  l-;cyclohexene 
n-Butylcyclopentene 
l-Methyl-2,5-diethyl-l-cyelopentene 

1.2. 4. 5- Tetramethyl- 1-cyclohexene 
ferf-Amylcyclohexene 
l-Methyl-4-isopropyl-3-cyclohexene 

4-feH-ButylcycIohexene 

1.2.5- Triethyl-l-eyclopentene 

4-<erf-Amylcyclohexene 

1.3.4- Trimethyl-l-isopropyl-3-eyclo- 
hexene 


So  -  98 
Br  No. 


Boiling 

Point, 

°  C. 

c 

No. 

Theo¬ 

retical 

M.W. 

Theo¬ 

retical 

Br  No. 

So 

Refer¬ 

ence0 

36.2 

5 

70.13 

227.9 

130 

S.D. 

0.140 

37.0 

5 

70.13 

227.9 

130 

S.D. 

0. 140 

38 

5 

70.13 

227.9 

135 

G.W. 

0. 162 

54 

6 

84.16 

189.9 

124 

G.W. 

0.137 

54.7 

6 

84.16 

189.9 

126 

S.D. 

0.147 

58.4 

6 

84.16 

189.9 

126 

S.D. 

0. 147 

66 

6 

84.16 

189.9 

130 

G.W. 

0.168 

68 

6 

84.16 

189.9 

130 

G.W. 

0.168 

67 

6 

84.  16 

189.9 

130 

G.W. 

0.168 

63.4 

6 

84.16 

189.9 

122 

S.D. 

0.126 

67.0 

6 

84.16 

189.9 

126.5 

S.D. 

0.150 

67.0 

6 

84.16 

189.9 

127 

S.D. 

0.153 

68 

6 

84. 16 

189.9 

132 

G.W. 

0. 179 

83 

7 

98. 18 

162.8 

125 

G.W. 

0.166 

95 

7 

98. 18 

162.8 

123 

G.W. 

0.153 

95 

7 

98. 18 

162.8 

126 

G.W. 

0.172 

77.9 

7 

98.18 

162.8 

123 

S.D. 

0.154 

102.0 

8 

112.21 

142.4 

121.7 

b 

0.166 

119 

8 

112.21 

142.4 

123 

G.W. 

0. 176 

121 

8 

112.21 

142.4 

121.4 

G.W. 

0.164 

119 

8 

112.21 

142.4 

125 

G.W. 

0.190 

119 

8 

112.21 

142.4 

124 

G.W. 

0. 183 

124 

8 

112.21 

142.4 

119 

G.W. 

0. 147 

? 

8 

112.21 

142.4 

121 

G.W. 

0.162 

142 

9 

126.23 

126.6 

121 

G.W. 

0.182 

160 

10 

140.26 

114.0 

119 

G.W. 

0.184 

161 

10 

140.26 

114.0 

120 

G.W. 

0. 193 

163 

10 

140.26 

114.0 

118 

G.W. 

0. 175 

221 

13 

182.34 

84.7 

116 

G.W. 

0.205 

(207) 

13 

182.34 

84.7 

115 

G.W. 

0. 194 

44  1 

5 

68. 11 

234.7 

119.0 

S.D. 

0.089 

73 

6 

82.14 

194.6 

122 

G.W. 

0.123 

83 

6 

82.14 

194.6 

118.1 

S.D. 

0.103 

108 

7 

96. 17 

166.2 

118.7 

G.W. 

0.124 

120 

8 

110. 19 

145.0 

116 

G.W. 

0.124 

125 

8 

110.19 

145.0 

114 

G.W. 

0.110 

125 

8 

110.19 

145.0 

119 

G.W. 

0.145 

127 

8 

110.19 

145.0 

122 

G.W. 

0. 165 

127 

8 

110.19 

145.0 

119 

G.W. 

0. 145 

127 

8 

110.19 

145.0 

117 

G.W. 

0. 131 

132 

8 

110. 19 

145.0 

117 

G.W. 

0. 131 

136 

8 

110. 19 

145.0 

117 

G.W. 

0. 131 

136 

8 

110.19 

145.0 

121 

G.W. 

0. 159 

139 

9 

124.22 

128.7 

118 

G.W. 

0. 155 

140 

9 

124.22 

128.7 

120 

G.W. 

0. 171 

140 

9 

124.22 

128.7 

110.7 

G.W. 

0.099 

140 

9 

124.22 

128.7 

121 

G.W. 

0.179 

145 

9 

124.22 

128.7 

117 

G.W. 

0. 148 

149 

9 

124.22 

128.7 

117 

G.W. 

0.148 

150 

9 

124.22 

128.7 

120 

G.W. 

0. 171 

152 

9 

124.22 

128.7 

116 

G.W. 

0.140 

156 

9 

124.22 

128.7 

116 

G.W. 

0. 140 

158 

9 

124.22 

128.7 

115.2 

G.W. 

0.134 

164 

10 

138.24 

115.6 

119 

G.W. 

0.182 

166 

10 

138.24 

115.6 

120 

G.W. 

0. 190 

167 

10 

138.24 

115.6 

110 

G.W. 

0. 104 

169 

10 

138.24 

115.6 

116 

G.W. 

0.156 

174 

10 

138.24 

115.6 

110.2 

G.W. 

0. 105 

182 

11 

152.27 

105.0 

116 

G.W. 

*0. 171 

? 

11 

152.27 

105.0 

108.5 

G.W. 

0.100 

(200) 

12 

166.30 

96.1 

112 

G.W. 

0.146 

a  Boiling  point  and  specific  dispersion:  S.D.  from  a  Shell  Development  Co.  survey  of  physical  properties  of 
hydrocarbons,  a  critical  literature  review;  G.W.  (1,  pp.  615  22). 
b  Determined  in  these  laboratories. 


points,  Figure  2  has  been  made  for 
the  purpose  of  illustrating  the 
bromine  number  trend.  The  shape 
of  the  curves  will  depend  on  the 
representation  and  distribution  of 
olefins  of  equal  carbon  number. 
Although  this  information  is  not 
available,  it  is  probably  safe  to  as¬ 
sume  that  a  smooth  curve  drawn 
through  the  horizontal  fines  that 
indicate  the  boiling  range  of  such 
olefins  represents  the  loci  of  the 
curves  fairly  well. 

Specific  Dispersion  Increment 
per  Unit  Theoretical  Bromine 
Number.  It  may  be  deduced  from 
Figures  1  and  2  that  while  the 
specific  dispersion  increment  of  the 
olefins  and  their  bromine  number 
both  decrease  with  rising  boiling 
point,  the  bromine  number  de¬ 
creases  faster  than  the  specific  dis¬ 
persion  increment.  Hence,  the  in¬ 
crement  per  unit  bromine  number, 

So  —  98  .  . . , 

or  i  =  - - ,  will  increase  with 

Br  No.  ’ 

the  boiling  point  (So  =  specific 
dispersion  of  olefin) .  This  is  shown 
graphically  in  Figure  3  obtained 
from  calculated  values  of  i  for 
cyclic  and  noncyclic  monoolefins, 
noncyclic  nonconjugated  diolefins, 
and  cyclic  and  noncyclic  conju¬ 
gated  diolefins  as  fisted  in  Tables  I 
and  II. 

The  Monoolefin  Correction 
Factor,  The  factor  fi  with 
which  to  multiply  the  bromine 
number  of  a  sample  to  correct  foi 
the  specific  dispersion  increment 
due  to  monoolefins  is  expressec 
by  i.  As  may  be  seen  from  Fig¬ 
ure  3,  the  factors  for  cyclic  anc 
noncyclic  monoolefins  of  the  sarm 
boiling  point  differ  appreciably 
Since  the  ratio  between  the  con 
tents  of  these  two  types  of  mono 
olefins  cannot  be  determined,  i 
must  be  estimated.  [An  idea  o 
the  average  ratio  between  cyclic  am 


fune,  1945 


ANALYTICAL  EDITION 


363 


tioncyclic  olefin  content  could 
conceivably  be  obtained  by  de¬ 
termining  the  change  in  naphthane- 
paraffin  ratio  after  hydrogena¬ 
tion,  provided  this  change  could 
be  measured  with  sufficient  pre¬ 
cision.]  Assuming  a  50/50  ratio, 
one  obtains  an  /i-curve  as  shown 
in  Figure  4  (the  cyclic  and  non- 
cyclic  /i-curves  transferred  from 
Figure  3).  This  curve,  marked 
50/50,  very  nearly  coincides  with 
the  i-curve  for  nonconjugated  di- 
olefies  in  Figure  3.  Therefore, 
assuming  a  50/50  distribution  of 
cyclic  and  noncyclic  monoolefins, 
no  special  correction  will  be 
needed  for  nonconjugated  non¬ 
cyclic  diolefins.  This  is  a  fortunate 
coincidence  because  there  is  yet 
no  method  of  determining  non¬ 
conjugated  diolefins  in  the  pres¬ 
ence  of  other  olefins. 

Conjugated  Diolefin  Correc- 
riON  Factor,  /2.  In  contradis¬ 
tinction,  the  specific  dispersion 
increment  per  unit  bromine 


Table  II.  Specific  Dispersion  Increment,  /,  per  Unit  Theoretical  Bromine  Number  and 
Correction  Factor,  ft,  for  Diolefins  of  the  Gasoline  Range 


So  -  98 
1  =  Br  No. 


Compound 

Noncyclic  Nonconjugated 

1.2- Pentadiene 

1.5- Hexadiene 

1.2- Hexadiene 
4-Methyl-l,2-pentadiene 

2.6- Dimethyl-i.n-heptadiene 

2.6- Dimethyl-l,x-heptadiene 

2.6- Dimethyl-x,x-oetadiene 

2.6- Dimethyl-x,x-octadiene 

Noncyclic  Conjugated 

2-Methyl-l, 3-butadiene  (iso- 
prene) 

1.3- Pentadiene 

2. 3- Dimethyl-l,  3-butadiene 
2-Methyl-2,4-pentadiene 

2- Methyl-l,3-pentadiene 

2.4- Hexadiene  (low  boiling) 

3- Methyl-l,3-pentadiene 
2,4-Hexadiene  (high  boiling) 

2.3- Dimethyl-I,3-pentadiene 
2-Methyl-2,4-hexadiene 

2.4- Heptadiene 
2-Methyl-3,5-heptadiene 

4-  M  ethyl-2 ,4-heptadiene 
7-Methyl-2,4-octadiene 
4-Methyl-3,5-octadiene 

Cyclic  Conjugated 
Cyclopentadiene 
Cyclo-l,3-hexadiene 
Cy  clo- 1 ,3-hep  tadiene 


So  -  98  -  h  X  0.6  X  Br  No.“ 

M.A.V. 


Boiling 

Point, 

°  C. 

C 

No. 

Theo¬ 

retical 

M.W. 

Theo¬ 

retical 

Br  No. 

So 

Refer¬ 

ence 

i 

44.7 

5 

68.11 

469.3 

158 

S.D. 

0.128 

59.6 

6 

82. 14 

389.2 

148 

S.D. 

0. 128 

78 

6 

82.14 

389.2 

149 

S.D. 

0.131 

70 

6 

82.14 

389.2 

151 

S.D. 

0. 136 

144 

9 

124.22 

257.3 

140 

G.W. 

0.163 

144 

9 

124.22 

257.3 

143 

G.W. 

0.175 

163 

10 

138.24 

231.2 

135 

G.W. 

0.160 

? 

10 

138.24 

231.2 

140 

G.W. 

0.182 

34.1 

5 

68.11 

469.3 

225 

G.W. 

0.270 

43 

5 

68.11 

469.3 

243 

G.W'. 

0.309 

70 

6 

82. 14 

389.2 

200 

G.W. 

0.262 

76 

6 

82.14 

389.2 

226 

G.Wr. 

0  329 

76 

6 

82.14 

389.2 

226 

G.W. 

0.329 

76 

6 

82.14 

389.2 

222 

G.W. 

0.319 

78 

6 

82.14 

389.2 

225 

G.W. 

0.326 

79 

6 

82.14 

389.2 

232 

G.W. 

0.344 

93 

7 

96.17 

332.4 

208 

G.W. 

0.331 

104 

7 

96.  17 

332.4 

226 

G.W. 

0.385 

105 

7 

96.17 

332.4 

214 

G.W. 

0.349 

117 

8 

110.19 

290.  1 

206 

G.W. 

0.372 

132 

8 

110.19 

290. 1 

200 

G.Wr. 

0.351 

149 

9 

124.22 

257.3 

197 

G.W. 

0.384 

150 

9 

124.22 

257.3 

204 

G.W. 

0.411 

40.4 

5 

66.  10 

483.6 

161 

S.D. 

0. 130 

80.3 

6 

80. 12 

399.0 

181 

S.D. 

0.208 

121 

7 

94.15 

339.5 

185 

G.W. 

0.256 

h 


0.060 

0.072 

0.055 

0.076 

0.076 

0.072 

0.075 

0.081 

0.075 

0.092 

0.081 

0.088 

0.080 

0.090 

0.098 


0.025 

0.046 

0.057 


°  fi  obtained  from  curves  of  Figure  3. 


number  of  the  conjugated  diole- 
Eins  differs  appreciably  from  that 

jf  the  monoolefins  (Figure  3).  In  analyzing  a  cracked  gasoline 
where  numerous  types  of  olefins  may  be  present,  the  portion  of  the 
total  olefin  increment  due  to  conjugated  diolefins  can  be  estab¬ 
lished  by  a  direct  determination  of  the  conjugated  diolefin  con¬ 
tent  in  terms  of  the  amount  of  maleic  anhydride  consumed. 
(There  are  conjugated  dienes  which  do  not  react  with  maleic  an- 


Table  III.  Olefin  Correction  Factors  for  Determination  of  Aromatic 
Content  of  Gasoline  Fractions  by  Specific  Dispersion 


Conjugated  Diolefin  Factor  ft. 


Mid¬ 

boiling 

Point, 

Monoolefin  Factor,  f\ 
Noncyclic  Cyclic 
mono-  mono¬ 
olefins.  olefins,  A  +  B 

Con¬ 

jugated 

noncyclic 

diolefins, 

Con¬ 

jugated 

cyclic 

diolefins, 

C  +  D 

0  C. 

A 

B 

50/50“ 

C 

D 

50/50 

40 

0.15 

0.09 

0.12 

0.07 

0.02 

0.05 

50 

0.15 

0.09 

0.12 

0.07 

0.03 

0.05 

60 

0.15 

0.10 

0.13 

0.07 

0.03 

0.05 

70 

0.16 

0.11 

0.13 

0.07 

0.04 

0.06 

80 

0.16 

0.11 

0.14 

0.08 

0.04 

0.06 

90 

0.16 

0.12 

0.14 

0.08 

0.05 

0.06 

100 

0.17 

0.12 

0.15 

0.08 

0.05 

0.07 

110 

0.17 

0.13 

0.15 

0.08 

0.06 

0.07 

120 

0.17 

0.13 

0.15 

0.09 

0.06 

0.07 

130 

0.18 

0.14 

0.16 

0.09 

0.06 

0.08 

140 

0.18 

0.14 

0.16 

0.09 

0.07 

0.08 

150 

0.18 

0.15 

0.16 

0.09 

0.07 

0.08 

160 

0.18 

0.15 

0.17 

0.09 

0.07 

0.08 

170 

0.19 

0.16 

0.17 

0.10 

0.07 

0.08 

180 

0.19 

0.16 

0.17 

0.10 

0.08 

0.09 

190 

0.19 

0.16 

0.18 

0.10 

0.08 

0  09 

200 

0.19 

0.17 

0.18 

0.10 

0.08 

0.09 

°  Also  valid  for  nonconjugated  diolefins. 


hydride  and  can  therefore  not  be  properly  accounted  for.)  This 
correction  procedure  follows  a  similar  one  employed  for  some 
years  by  Shell  Oil  Company,  Inc.,  Wood  River  Research  Labora¬ 
tories. 

The  specific  dispersion  increment  per  unit  theoretical  maleic 


anhydride  value  is  i 


So  -  98 
M.A.V.' 


However,  since  the  conjugated 


diolefins  also  brominate,  this  increment  has  already  been  partly 
accounted  for  as  mono-olefin  increment,  fi,  and  the  latter,  Ex¬ 
pressed  in  terms  of  maleic  anhydride  value,  is 


Br  No.  (of  conjugated  diolefins) 
'  M.A.V. 


The  theoretical  correction  factor  for  conjugated  diolefins  is 
therefore 


Figure  2.  Theoretical  Bromine  Number  and  Maleic 
Anhydride  Value  of  Olefins  vs.  Boiling  Point 


ft  (theoretical) 


So  -  98  Br  No. 
M.A.V.  h  M.A.V. 
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Figure  3.  Specific  Dispersion  Increment  per  Unit  Theoretical 
Bromine  Number  of  Olefins  vs.  Boiling  Point 


Actually,  conjugated  diolefins  absorb  only  some  60%  of  the 
theoretical  amount  of  bromine  by  the  methods  most  reliable  for 
determination  of  monoolefins  (which  employ  essentially  organic 
media — i.e.,  acetic  acid,  carbon  tetrachloride).  Hence,  the  factor 

S.  -  98  -  fi  X  0.6  X  Br  No. 

1 - M.A.V. 


will  be  more  applicable. 


Example.  The  noncyclic  conjugated  diolefin  2,4-heptadiene. 
Boiling  point  =  105°  C.,  So  =  214,  theoretical  Br  No.  =  332.4, 
theoretical  M.A.V.  =  1019.  .  ,  ,  . , 

The  specific  dispersion  increment  per  unit  maleic  anhydride 

ic  *^°  ~  98  =  214  ~  —  =  0.114.  In  the  presence  of  the 
\ alue  is  m.A.V .  1019  4  ,  .  ,  ., 

other  olefins  this  increment  has  been  partly  corrected  for  by  the 
noncyclic  monoolefin  factor /i,  which  at  105  C.  is  0.170  (see 
Figure  4),  or,  expressed  in  terms  of  maleic  anhydride  value,  is 


/: 


0.6  X  Br  No. 


=  0.170 


M.A.V. 

0.114  -  0.033  =  0.081. 


0.6  X  332.4 
1019 


=  0.033.  Hence,  /2  = 


Calculated  values  of  /2  for  conjugated  diolefins  are  fisted 
in  Table  II  and  shown  graphically  in  Figure  4.  As  expected, 
curves  similar  to  the  /]-curves  were  obtained  and  the  factor  of  the 
cyclics  is  lower  than  that  of  the  noncyclics.  (Although  the  fr 
curve  of  the  cyclics  is  based  on  three  points  only,  it  may  safely 
be  assumed  that  its  position  is  approximately  as  shown.) 

Since  factor  /2  is  a  differential  correction,  it  is  valid  only  when 
a  bromine  number  determination  is  carried  out,  which  in  analyses 
of  cracked  gasolines  will  always  be  the  case. 

Recommended  Olefin  Correction  Factors.  By  aid  of  the 
curves  in  Figure  4,  Table  III  has  been  made  for  more  convenient 
use  in  analyses  of  any  fraction  within  the  gasoline  range.  Table 
IV  contains  the  factors  applicable  to  the  aromatic  fractions, 
assuming  a  50/50  distribution  between  eyclic  and  noncyclic  ole¬ 
fins,  as  well  as  factors  applicable  to  the  analysis  of  full  range 


cracked  gasolines  (aviation  and  motor  stocks).  Since  gasolines 
contain  more  low-boiling  than  high-boiling  olefins,  the  mid-boiling 
point  of  the  olefins  will  be  lower  than  that  of  the  gasoline;  the 
estimated  figures  are  based  on  studies  of  olefin  distributions  made 
in  these  laboratories. 

DISCUSSION 

It  is  evident  from  these  calculations  that,  for  the  types  of  ole¬ 
fins  investigated,  the  specific  dispersion  increment  correction 
factor  increases  with  the  boiling  point.  Thus,  over  the  distilling 
interval  of  gasoline  it  is  nearly  doubled.  Furthermore,  the  factor 
for  noncyclic  olefins  is  about  one  and  a  half  times  as  high  as  for 
cyclic  olefins  of  the  same  class  and  of  the  same  boiling  point. 
The  olefins  considered  here  undoubtedly  constitute  the  over¬ 
whelming  majority  of  types  present  in  cracked  gasoline  stock  and 
therefore  the  calculated  correction  factors  may  be  sufficient  for 
practical  purposes.  Even  if  the  specific  dispersion  of  other  olefins 
were  available  for  calculation  of  the  many  individual  additional 
factors,  they  could  not  be  applied  because  no  method  exists  for 
determination  of  such  olefins  in  the  presence  of  other  olefins. 
(Straight-chain  and  cyclodiolefins,  mono-  and  diacetylenes, 
olefin-acetylenes,  aromatics  and  naphthenes  with  olefiruc  side 
chains,  cyclomono  and  diolefins  with  olefiruc  side  chain,  etc.) 

These  conclusions  make  it  desirable  to  modify  the  statement  of 
Grosse  and  Wackher  (I,  p.  616)  regarding  the  ratio  between  spe¬ 
cific  dispersion  increment  and  bromine  number  for  monoolefins 
and  nonconjugated  diolefins.  Their  suggested  value  of  0.16  for 
this  ratio  is  derived  from  Figure  4  (1)  where  the  increment  of  a  few 
olefins  was  plotted  against  theoretical  bromine  number,  and  a 


Table  IV.  Olefin  Correction  Factors  for  Determination  of  Aro¬ 
matic  Content  of  Whole  Gasoline  and  of  the  Aromatic  Fractions  by 
Specific  Dispersion 


(It  is  assumed  that  the 


Boiling 

Aromatic  Range, 

Fraction  °  C. 

Benzene  60-  92 

Toluene  92-122 

Xylenes  122-150 

C#  aromaticB  150-180 

Higher  aromatics  180—205 

Whole  aviation  About 

gasoline  30—180 

Whole  motor  About 

gasoline  30-205 


are  50%  cyclic) 


Mid- 

Mono¬ 

Conjugated 

Boiling 

Point, 

olefin 

Diolefin 

Factor, 

Factor, 

°  C. 

h 

h 

76 

0.135 

0.060 

107 

0.150 

0.070 

136 

0.160 

0.080 

165 

0.170 

0.085 

192 

0.180 

0.090 

75° 

0.135 

0.060 

90“ 

0.140 

0.065 

a  Estimated  mid-boiling  point  of  olefins  present. 


40  60  80  IOO  120  140  160  ISO  200 

BOHjrtG  POINT, ’C. 


Figure  4.  Specific  Dispersion  Correction  Factors  for 
Olefins  vs.  Boiling  Point 
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straight  line  drawn  through  the  points.  By  using  all  of  Grosse 
and  Wackher’s  data  (see  Figure  5)  it  becomes  apparent  that  the 
slope  varies  appreciably  with  the  bromine  number  (and  hence 
with  the  boiling  point)  as  well  as  with  the  type  of  olefin. 

Neglecting  these  variations  may  lead  to  a  substantial  differ¬ 
ence  in  calculated  aromatic  content  of  a  sample,  as  illustrated  by 
the  following  example: 

A  benzene  fraction  containing  25%  monoolefins  (cyclic  and 
noncyclic  50/50),  Br  No.  47: 

Grosse  and  Wackher’s  correction  factor  =  0.16 

Correction  factor  fx  (from  Table  IV)  =  0.135 
With  a  specific  dispersion  increment  of  benzene  =  189.3  —  98  = 

.  .  (0.160  -  0.135)  X  47  _ 

91.3,  difference  in  aromatic  content  is  -  q  -  — 

1.3%  by  weight.  This  discrepancy  will  increase  directly  with 
the  olefin  content. 

Grosse  and  Wackher’s  excellent  results  with  known  blends 
containing  up  to  73%  olefin  may  be  explained  by  the  fact  that 
in  all  their  experiments  only  one  olefin  was  used — namely,  2- 
ethy  1-1-hexene,  the  correction  factor  for  which  (0.164,  see 
Table  I)  coincides  with  their  factor  (0.16). 

Reliability  of  the  Factors.  The  accuracy  of  the  factors 
per  se  is  independent  of  the  accuracy  of  the  bromine  number 
and  maleic  anhydride  value  determinations.  However,  the 
factors  are  subject  to  the  following  errors: 

1.  Error  in  estimation  of  the  properties  of  olefins  of  a  given 
boiling  range.  It  may  be  assumed  that  the  position  of  the  spe¬ 
cific  dispersion  curve  for  monoolefins  is  accurate  to  ±  1  unit,  and 
that  of  the  conjugated  diolefins  to  =<=3  units;  furthermore,  that 
the  position  of  the  bromine  number  curve  is  accurate  to  ±5 
units  and  that  of  the  maleic  anhydride  value  curve  to  ±20  units. 
Accumulating  these  errors  for  the  toluene  fraction,  the  potential 
error  amounts  to  ±7%  of /i  and  ±6%of/2. 

2.  Error  in  estimating  the  specific  dispersion  of  the  saturates 
may  be  1  unit,  resulting  in  a  potential  error  of  ±4%  of  /i  and 
±3%  of  /2. 

3.  Error  in  estimating  the  distribution  between  cyclic  and 
noncyclic  olefins.  If  this  be  set  at  25%,  the  error  in  the  factors 
will  be  * 7%  of  /i  and  *  1 1  %  of  /«. 

4.  Error  in  estimating  the  amount  of  bromine  absorbed  by 
conjugated  diolefins.  Assuming  that  the  error  is  20%,  this 
amounts  to  ±14%  of  /2. 

If  these  errors  were  noncompensating,  which  is  improbable, 
they  would  affect  the  toluene  content  to  the  extent  of  ±0.5%  for 
each  10%  monoolefins  present,  and  to  the  extent  of  ±0.3%  for 
each  per  cent  conjugated  olefins  present.  These  estimates  are 
well  on  the  conservative  side,  since  there  will  usually  be  consid¬ 
erable  compensation. 


ACCURACY  OF  THE  SPECIFIC  DISPERSION  METHOD 

Enumeration  of  Conceivable  Errors.  The  magnitude  of 
the  errors  depends  on  the  mid-boiling  point  of  the  sample  and  its 
composition.  As  a  hypothetical  example  will  be  chosen  a  frac¬ 
tion  representing  the  middle  boiling  range  of  gasoline  and  con¬ 
taining  only  one  type  of  aromatics — viz.,  an  untreated  toluene 
concentrate  of  boiling  range  100°  to  112°  C.,  mid-boiling  point 
106°  C.,  of  the  following  composition: 

%W 


Aromatics  (toluene)  35 

Monoolefins  (cyclic  4-  noncyclic,  50/50)  30 

Conjugated  diolefins  (cyclic  +  noncyclic,  50/50)  3 

Nonconjugated  diolefins  (not  determinable)  3 

Saturates  29 


Assuming  linear  blending,  its  properties  would  be  as  shown 
in  Table  V  (data  from  Figures  1,  2,  and  4) . 

The  effect  of  each  conceivable  error  on  the  toluene  content, 
calculated  from  the  equation 


Toluene,  %w  = 


—  98  —  fi  X  BrNo.  —  /2  X  M.A.V. 
Sa  -  98 


] 


100  +  c 


will  be  as  shown  in  Table  VI. 


Figure  5.  Specific  Dispersion  Increment  vs.  Theoretical  Bromine] 
Number  of  Monoolefins  and  Noncyclic  Nonconjugated  Diolefinsj 


As  may  be  seen  from  this  tabulation,  the  greatest  source  of 
error  (±1%)  is  the  uncertainty  of  the  distribution  between  cyclic 
and  noncyclic  olefins.  This  observation  emphasizes  the  impor¬ 
tance  of  the  difference  in  magnitude  of  the  correction  factor  for 
the  two  types  of  olefins.  The  next  largest  error  (±0.7%)  is  due 
to  uncertainty  in  the  locus  of  the  /i-curve.  However,  in  calcu¬ 
lating  this  error,  the  errors  in  the  specific  dispersion  and  in  bro¬ 
mine  number  of  the  pure  olefins  were  allowed  to  accumulate. 


Table  V.  Properties 

Individually  In  the  Blend 


Hydrocarbon 

Group 

S-98 

Br 

No. 

M.¬ 

A.V. 

S-98 

Br 

No. 

M.¬ 

A.V. 

Aromatics 

86.6 

0 

0 

30.31 

0 

0 

Mono-olefins 

23.0 

155 

0 

6.90 

46.50 

0 

Conjugated  diole- 

fins 

101.0 

334 

1025 

3.03 

6.01 

30.75 

Nonconjugated 

diolefins 

46.0 

310 

0 

1.38 

9.30 

u 

Saturates 

0 

0 

0 

0 

0 

0 

Total  in  blend 

41.62 

61.81 

30.75 

To  these  conceivable  errors  must  be  added  the  error  involved 
in  estimating  the  specific  dispersion  of  the  aromatics  ( Sa ).  As¬ 
suming  a  fair  fractional  distillation,  as  obtained  using  a  15-plate 
column,  no  difficulty  should  be  encountered  in  the  benzene  and 
toluene  fractions.  In  the  C8-aromatic  fraction  this  source  of 
error  should  also  be  small,  for,  although  the  fraction  contains 
four  aromatics,  ethylbenzene  and  o-,  m-,  and  p-xylenes,  their 
distribution  ratio  is  fairly  constant — viz.,  10  to  20  to  50  to  10, 
respectively — so  that  a  calculated  value  of  specific  dispersion 
may  be  used.  For  higher  boiling  fractions,  however,  the  error 
will  increase  rapidly  owing  to  the  ever-increasing  number  of 
monocyclic  aromatics  of  undeterminable  representation  and  dis¬ 
tribution.  (As  previously  mentioned,  in  the  uppermost  fraction 
the  situation  may  be  further  complicated  by  the  presence  of  the 
bicyclic  aromatic  naphthalene.) 
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Table  VI.  Enumeration  of  Conceivable  Errors  in  Analysis  of  a 
toluene  Fraction  Containing  35%  Toluene  and  36%  by  Weight 

Total  Olefins 


Probable  Errors 


Resulting 
Error  in 
Toluene 
Content,  % 


Error  in  measurement  of  specific  dispersion  of  the  sample  of 
0.3  unit“  .  , 

Error  in  estimation  of  specific  dispersion  of  the  saturates  ot  i 
unit&  ... 

5%  error  in  determination  of  Br  No.  =  3  units  Br  No. 

10%  error  in  determination  of  M.A.V.  =  3  units  M.A.v . 
Error  in  locus  of  /i-curve  =  0.011  unit  specific  dispersion 
Error  in  locus  of  /2-curve  =  0.004  unit  specific  dispersion 
Assuming  the  conjugated  diolefins  brominate  to  80%  instead 

25%<error  in  estimation  of  the  distribution  between  cyclic 
and  noncyclic  olefins  .  m 

25%  error  in  the  value  of  the  linearity  deviation  <_  =  U.z  /0 
toluene' 


t0.35 


i=0.15 
t0.52 
1=0.24 
to. 70 
t0. 14 


-0.34 
fcl .  02 
fc0.2 


a  Zeiss-Pulfrieh  or  Bausch  &  Lomb  precision  refractometer  (Abbe  not  suf¬ 
ficiently  accurate).  .  ,  .  ...  ,  , 

b  This  error  is  higher  for  olefin-free  material.  The  error  may  be  eliminated 
by  using  the  actual  values  for  specific  dispersion  of  the  saturates  (as  obtained 
by  silica  gel  treatment)  instead  of  98.  ,  ... 

e  c  is  an  additive  correction,  the  magnitude  of  which  depends  on  the  type 
and  content  of  the  aromatics  and,  to  a  smaller  extent,  on  the  naphthene  and 
olefin  content.  This  correction  is  at  present  under  investigation  m  these  as 
well  as  in  other  laboratories;  it  reaches  its  maximum  at  a  little  below  50% 
aromatic  content,  where  it  varies  from  about  0.6  to  2.1%  aromatics. 


Table  VII  shows  estimated  specific  dispersion  Values  for  the 
aromatics  applicable  to  the  aromatic  cuts,  together  with  the  prob¬ 
able  error  in  these  values  and  the  errors  reflected  in  the  calculated 
aromatic  content.  Since  the  magnitude  of  the  latter  error  de¬ 
pends  on  the  aromatic  content,  a  sample  containing  35%  by 
weight  of  aromatics  is  again  used  as  an  example  in  order  to  make 
a  comparison  of  all  conceivable  errors  possible.  The  specific 


Table  VII.  Error  in  Calculated  Aromatic  Content  Due  to  Uncer¬ 
tainty  in  Estimation  of  Specific  Dispersion  of  the  Aromatics 


Aromatic 

Fraction 


Benzene 
Toluene 
Xylenes 
C»  aromatics 
Higher  aromatics 


Whole  aviation  gasoline 
Whole  motor  gasoline 


Estimated 

Error  in 
Aromatic 
Content, 

Specific 

%w,  for  35  %w 

Boiling 

Dispersion  of 

Aromatic 

Range,  0  C. 

Aromatics,  Sa 

Content 

60-  92 

189.3 

0 

92-122 

184.6 

0 

122-150 

180.0  ±  0.5 

±0.2 

150-180 

175  ±  2 

±0.9 

180-205 

172  ±  3 

±1.4 

About 

30-180 

180  ±  1 

±0.5 

About 

30-205 

177  =*  2 

±0.9 

Table  VIII.  Determination  of  Aromatics  by  Specific  Dispersion  of  Unsaturated  Gasoline  Fractions 

Hydroformate 
Toluene 
Concentrate 


Properties 


Catalytically  Cracked  Gasoline 
Benzene  fraction  Toluene  fraction 


Boiling  range,  0  C. 
Mid-boiling  point,  0  C. 
Bromine  No.,  grams  of  Br2 
per  100  grams 
(Monoolefins,  %w) 

Maleic  anhydride  value,  mg. 

M.A.  per  gram 
(Conjugated  diolefins,  %w) 
Specific  dispersion,  Ss 


71-93 

82 


93-124 

108 


126 

(67) 


83 

(50) 


dispersion  value  of  full  gasoline-range  aromatics  is  difficult  to 
ascertain  because  the  aromatic  distribution  varies.  The  figures 
given  in  Table  VII  should  therefore  be  considered  as  rough  esti¬ 
mates  only.  It  is  conceivable  that  a  fairly  good  estimate  of  the 
aromatic  distribution  can  be  obtained  by  means  of  quantitative 
silica  gel  adsorption  and  desorption.  It  may  then  develop  that 
for  straight-run — viz.,  olefin-free — gasoline  of  a  given  source  and 
for  cracked  gasoline  processed  in  a  given  manner,  the  specific  dis¬ 
persion  of  the  aromatic  aggregate  may  be  considered  fairly  con¬ 
stant.  Analyses  by  fractions  should  yield  more  reliable  results 
than  full  range  analyses  because  all  factors  applicable  to  frac¬ 
tions  are  more  nearly  correct. 

Experimental  Evidence  of  Accuracy.  For  this  demonstra¬ 
tion  have  been  chosen  gasoline  fractions  of  considerable  olefin  con¬ 
tent,  the  aromatic  content  of  which  can  be  accurately  determined 
by  an  independent  referee  method.  Employing  the  ultraviolet 
absorption  spectrophotometric  method,  the  aromatic  content 
can  be  determined  with  an  accuracy  of  ±  1  %  of  the  aromatic  con¬ 
tent,  provided  the  sample  contains  only  one  type  of  aromatics. 
Therefore,  the  test  has  been  restricted  to  the  analyses  of  the  ben¬ 
zene  and  the  toluene  fractions.  Results  are  shown  in  Table  VTII. 

It  may  be  noticed  from  the  last  line,  entitled  A  aromatics,  that 
as  a  result  of  accumulation  and  compensation  of  the  many  pos¬ 
sible  errors,  the  deviation  from  the  nearly  true  value  increases 
with  the  olefin  content  and  may  amount  to  about  2  %.  Since  the 
greatest  source  of  error  is  the  uncertainty  in  the  estimation  of 
the  ratio  between  cyclic  and  noncyclic  olefins  (see  Table  VI),  the 
aromatic  content  was  also  calculated  assuming  a  25%  mistake 
in  the  estimation  of  this  ratio.  As  the  resulting  set  of  data  shows, 
this  change  alone  will,  in  the  case  of  high  olefin  content,  alter  the 
aromatic  value  by  3%.  This  discrepancy  emphasizes  the  im¬ 
portance  of  reliable  corrections  for  the  specific  dispersion  incre¬ 
ment  due  to  the  presence  of  olefins. 

(Although  not  required  for  computation  of  aromatic  content, 
the  olefin  content  has  been  included  in  Table  VIII  as  a  matter  of 
orientation.  The  value  of  the  olefin  content  likewise  depends  on 
the  distribution  of  the  two  types  of  olefins,  cyclic  and  noncyclic, 
because  for  a  given  boiling  range  their  difference  in  molecular 
weight  may  amount  to  as  much  as  ten  units.  Since  the  molecular 
weight  of  the  olefins  present  in  a  petroleum  fraction  cannot  be 
determined,  it  must  be  estimated.) 

A  similar  test  of  the  accuracy  of  the  specific  dispersion  method 
as  applied  to  the  higher  boiling  polyaromatic  fractions  and  to  full 
range  gasolines  is  not  yet  feasible  because  (possibly  with  the  ex¬ 
ception  of  the  xylenes  fraction)  the  spectrophotometric  method 

is  no  longer  sufficiently  accurate 
in  these  ranges  to  serve  as  a  ref- 

- eree  method.  It  is  conceivable, 

however,  that  the  specific  dis¬ 
persion  method  could  be  fully 
appraised  by  analyses  of  known 
blends  composited  from  hydrocar¬ 
bon  groups  that  have  been  iso¬ 
lated  by  adsorption  and  desorp- 


Reformed  Un¬ 
treated  Toluene 
Concentrate 


100-112 

106 


93-116 

104 


46 

(25) 


10 

(6) 


fac- 


Monoolefin  correction 
factor,  /1  (Table  III) 
Conjugated  diolefin  correc¬ 
tion  factor,  h  (Table  III) 
Linearity  deviation,  C 
Specific  dispersion  of  aroma¬ 
tics,  Sa  (Table  VII) 
Aromatics  from  specific  dis¬ 
persion,  %w 

Aromatics  from  ultraviolet 
spectrophotometry,  %w 
A  aromatics,  %w 


31 

(2.5) 

124.3 

a 

b 

28 

(2.7) 

136.8 

a 

b 

34 

(3.2) 

135.9 

a 

b 

4 

(0.4) 

130  4 
a 

b 

0.14 

0. 12 

0.15 

0.14 

0.15 

0.14 

0.15 

0.14 

0  06 

0.5 

0  05 
0.7 

0.07 

1.0 

0.06 

0.07 

1.0 

0.06 

0.07 

1.0 

0.06 

(1) 

189.3 

184.6 

184.6 

184.6 

8.0 

11.2 

29.2 

30.5 

34.1 

35.0 

36.4 

36.5 

(2) 
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Determination  of  Unsaturation  in  Butyl  Rubber 

JOHN  REHNER,  Jr.,  AND  PRISCILLA  GRAY,  Esso  Laboratories,  Standard  Oil  Development  Company,  Elizabeth,  N.  J. 


A  procedure  is  described  for  determining  the  unsaturation  in  Butyl 
rubber.  The  method  is  based  on  the  reaction  of  the  polymer,  in 
solution,  with  ozone  to  give  degraded  species,  the  limiting  viscosity 
of  which  is  governed  by  the  original  unsaturation.  Some  relevant 
information  is  given  on  the  effects  of  concentration  and  molecular 
weight  on  the  viscosity  of  the  polymer  solution,  the  stability  of  the 
ozonized  solution,  and  the  effects  of  certain  addition  agents.  Un¬ 
saturation  values  based  on  this  method  and  on  one  involving  reaction 
with  iodine  chloride  are  correlated  for  Butyl  rubbers  containing 
various  diolefin  units. 

IN  A  recent  publication  (4)  on  unsaturation  in  Butyl  rubber 
it  was  pointed  out  that,  of  the  various  methods  that  had  been 
examined,  ozone  degradation  at  the  double  bonds  appears  to 
give  the  most  reliable  unsaturation  data,  the  values  based  on  the 
limiting  viscosity  of  the  degraded  polymer  being  in  reasonably 
good  agreement  with  those  determined  by  end  group  analyses. 
This  paper  describes  in  some  detail  the  analytical  method,  to¬ 
gether  with  certain  modifications  that  have  been  introduced  with 
the  aim  of  facilitating  routine  work. 

It  was  recognized  that  the  earlier  procedure  had  the  disadvan¬ 
tage  of  being  too  time-consuming,  owing  mainly  to  the  steps  in 
which  the  degraded  polymer  solution  is  evaporated  to  dryness, 
and  the  residue  redissolved  in  diisobutylene  prior  to  the  viscosity 
measurement.  An  obvious  possible  improvement  was  to  de¬ 
velop  a  procedure  whereby  the  polymer  solution  could  be  ozo¬ 
nized  and  the  viscosity  of  the  degraded  solution  determined  di¬ 
rectly,  thus  eliminating  evaporation  and  transfer  to  a  second 
solvent.  It  was  first  necessary,  however,  to  perform  the  experi¬ 
ments  described  below;  their  significance  will  be  explained  in  the 
sequel.  A  further  simplification  was  introduced  through  the 
use  of  carbon  tetrachloride  of  ordinary  reagent  grade  instead 
of  the  highly  purified  solvent.  While  this  substitution  usually 
leads  to  viscosity-time  curves  displaying  a  small  negative  slope 
in  the  region  where  the  purified  solvent  gives  unchanged  vis¬ 
cosity  values,  a  simple  extrapolation  to  zero  time  gives  viscosity 
data  that  are  satisfactory  within  the  limits  inherent  in  the 
method.  In  view  of  the  practical  requirements  of  the  method  and 
the  magnitude  of  the  experimental  error,  the  extra  time  and 
effort  involved  in  further  purification  of  the  solvent  appear  to  be 
unwarranted. 

DEPENDENCE  OF  VISCOSITY  IN  CARBON  TETRACHLORIDE  ON 
CONCENTRATION  AND  MOLECULAR  WEIGHT 

As  it  is  always  necessary  to  determine  the  intrinsic  viscosity 
from  data  obtained  at  finite  polymer  concentrations,  experiments 
were  carried  out  to  find  the  effect  of  concentration  and  molecular 
weight  on  the  viscosity.  The  intrinsic  viscosity  [77]  is  defined 
by  the  relation 

M  =  (2.303  log  Wc)t_0  (!) 

where  rjr  is  the  viscosity  of  the  solution  relative  to  that  of  the  sol¬ 
vent,  and  c  is  the  solute  concentration  expressed  in  grams  per  100 
cc.  of  solution.  It  is  apparent  that  if  the  function  given  in 
Equation  1  varies  strongly  with  concentration,  an  appreciable 
error  might  be  introduced  in  determining  [77  ]  from  a  single  meas¬ 
urement. 

Polyisobutylene  samples  covering  a  wide  range  of  molecular 
weights  were  dissolved  in  carbon  tetrachloride  at  various  con¬ 
centrations,  and  the  viscosities  of  the  solutions  were  measured  at 
20°  C.  (It  is  known,  2 ,  that  the  viscosity-molecular  weight  rela¬ 
tionship  for  polyisobutylene  is  virtually  identical  with  that 


for  Butyl  rubber.)  The  results  are  plotted  in  Figure  1.  For 
polyisobutylenes  of  higher  molecular  weights  the  curves  have  a 
negative  slope  which  increases  with  increasing  molecular  weight. 
For  polymers  of  sufficiently  low  molecular  weight,  such  as  are  ob¬ 
tained  on  ozonolysis  of  Butyl  solutions,  the  slope  is  observed  to 
be  practically  zero.  With  such  polymer  species  it  is  therefore 
possible  to  use  Equation  1  directly  without  imposing  the  limiting 
condition.  This  is  a  fortunate  advantage,  since  the  precision 
of  the  viscosity  measurements  increases  considerably  with  in¬ 
creasing  polymer  concentration.  The  practical  aspect  of  this 
behavior  becomes  more  evident  on  inspecting  the  data  given  in 
Table  I.  It  is  seen  that  almost  any  Butyl  rubber  ordinarily  en¬ 
countered  will  give,  upon  ozonolysis,  a  degraded  product  the 
viscosity  function  of  which  will  be  practically  independent  of 
polymer  concentration  in  carbon  tetrachloride,  within  the  limits 
shown  in  Figure  1 .  GR-I,  for  example,  has  an  unsaturation  value 
of  approximately,  1.0  mole  %,  and  the  degraded  material  will 
have  a  viscosity-average  molecular  weight  of  roughly  10,000. 

CORRESPONDING  VISCOSITIES  OF  BUTYL  RUBBER  IN  CARBON 
TETRACHLORIDE  AND  DIISOBUTYLENE 

In  general,  the  intrinsic  viscosity  of  a  polymer  depends  on  the 
nature  of  the  solvent.  In  order  to  determine  the  molecular 
weight,  and  subsequently  the  original  unsaturation,  from  the 
intrinsic  viscosity  of  the  degraded  material  in  carbon  tetrachlo¬ 
ride,  the  corresponding  intrinsic  viscosity  in  diisobutylene  must 
be  known,  since  it  is  only  with  the  latter  solvent  that  the  relation- 


Table  I.  Calculated  Molecular  Weight  Data  for  Butyl  Rubber 
Degraded  by  Ozone 

Ozonized  Polymer 


Unsaturation  of 
Original  Rubber 

Mole  % 

0.1 

0.5 

1.0 

2.0 

3.0 

4.0 


Number-average 
molecular  weight 

Mn 

56,100 

11,200 

5,610 

2,805 

1,870 

1,403 


Viscosity-average 
molecular  weight 

Mv 

102,800 

20.560 

10,280 

5,140 

3,425 

2,570 


0.5 


1.0 

C 


1.5 


2.0 


Figure  1.  Effects  of  Concentration  and  Molecular  Weight  on 
Viscosity  Function  in  Carbon  Tetrachloride 
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ship  of  viscosity  to  molecular  weight  has  been  previously  deter¬ 
mined  (1 ).  Corresponding  viscosities  at  20°  in  the  two  solvents 
were  therefore  measured  for  a  series  of  nine  Butyl  rubbers.  The 
unsaturation  values  of  these  samples  ranged  from  0.6  to  1.7 
mole  %.  Five  of  the  samples  were  each  fractionated  into  from 
6  to  9  fractions;  the  remaining  samples  were  milled  with  and 
without  addition  of  small  percentages  of  zinc  stearate  and  phenyl- 
d-naphthylamine.  A  plot  of  the  results  is  given  in  Figure  2. 
It  is  seen  that  the  intrinsic  viscosities  in  the  two  solvents  are  di¬ 
rectly  proportional,  within  the  limits  of  error.  From  the  origi¬ 
nal  data  it  was  found  that 

A  =  fa  ]ccu/ fa  1  Diisobutylene  =  1.255  =*=  0.005  (2) 

The  straight  line  in  Figure  2  is  obtained  from  Equation  2. 

STABILITY  OF  OZONIZED  BUTYL  SOLUTION 

It  was  important  to  determine  whether  secondary  changes 
occur  when  the  ozonized  solution  (which  may  contain  some  dis¬ 
solved  ozone)  is  allowed  to  stand  for  any  appreciable  time,  for 
the  analyst  may  not  find  it  expedient  to  determine  the  viscosity 
until,  say,  the  following  day.  A  solution  of  a  Butyl  rubber  con¬ 
taining  no  added  antioxidant  was  prepared  in  carbon  tetra¬ 
chloride  and  ozonized  for  4  hours.  The  ozonized  oxygen  stream 
was  then  discontinued,  and  dry  air  was  passed  through  the  solu¬ 
tion  in  order  to  sweep  out  dissolved  ozone.  Aliquot  samples  of 
the  solution  were  removed  at  known  intervals  and  were  allowed  to 
stand  in  glass-stoppered  containers  until  the  following  day.  The 
polymers  were  then  recovered  by  evaporation  and  their  unsatu¬ 
ration  values  determined  from  the  respective  viscosities  in  di¬ 
isobutylene.  The  experiment  was  repeated  with  a  second  sample 
of  the  same  polymer.  The  average  unsaturation  values  are  given 
in  Table  II.  It  is  seen  that,  within  the  experimental  error,  no 


Figure  2.  Corresponding  Values  of  Intrinsic 
Viscosity  in  Carbon  Tetrachloride  and  in  Diiso¬ 
butylene 


significant  viscosity  change  occurs  when  the  solution  is  allowed 
to  stand  overnight,  and  aeration  after  ozonization  appears  to  be 
an  unnecessary  precaution.  It  is  of  interest,  however,  that  even 
after  one  hour  of  aeration,  a  positive  test  for  ozone  could  be  ob¬ 
tained  for  the  solution'  (by  the  potassium  iodide  test),  although 
no  odor  of  ozone  was  detected.  This  result  may  be  due  to  the 


Table  II.  Effects  of  Aeration  and  Aging  on  Stability  of  Ozonized 

Butyl  Solution 

Aeration  time,  minutes  0  30  60 

Average  unsaturation,  mole  %  1.4o  1.4o  1.3» 

(Unsaturation  for  unaged  solution,  1 . 4i) 


Table  III.  Effects  of  Milling  and  Addition  Agents  on  Unsaturation 
Values  of  Butyl  Polymers 


Polymer 

Intrinsic 
Viscosity  in 
Carbon  Tetra- 

Correspond¬ 
ing  Intrinsic 
Viscosity 

Unsatura- 

Average 
Unsaturation 
and  Probable 

and 

chloride,  by 

in  Diiso- 

tion, 
Mole  % 

Error  of  Single 

Treatment 

Extrapolation 

butylene 

Observation 

I  (a) 

0.203 

O.I62 

0.7 

(6) 

0 . 24o 

0. 19i 

0.5 

(c) 

0.19? 

0.157 

0.7 

0.6  ±  0.06 

(d) 

0.23t 

0.18s 

0.5 

(e) 

0.22o 

0. 17« 

0.6 

II  (a) 

0. 16o 

0.12? 

1.0 

( 6 ) 

0.15e 

0.12s 

1.0 

(c) 

0 . 14i 

O.lla 

1.2  C?) 

1.0  ±  0.03 

(d) 

0.156 

0.12s 

1.0 

(*) 

0.14s 

0.11s 

1.1 

III  (a) 

0.143 

0.114 

1.2 

(b) 

0.15s 

0.123 

1.1 

(c) 

0.12, 

O.lOi 

1.4 

1.3  ±  0.10 

(d) 

0.13* 

O.IO7 

1.3 

(e) 

0.13s 

0.10 

1.3 

development  of  peroxides  or  to  decomposition  products  of  the 
solvent. 


EFFECTS  OF  MILLING  AND  ADDITION  AGENTS  ON 
UNSATURATION  VALUES 

Experiments  were  carried  out  to  determine  whether  the  pres¬ 
ence  of  zinc  stearate  and  phenyl-j3-naphthylamine  affects  the  ana¬ 
lytical  procedure.  Polymers  of  varying  degrees  of  unsaturation 
were  synthesized  in  the  absence  of  these  substances  and  were 
treated  in  the  following  ways: 

(a)  Original  polymer 

( b )  Milled  for  5  minutes  at  150°  F.  with  0.05-cm.  (0.02-inch) 

mill  roll  setting 

(c)  Milled  as  in  ( b )  with  2.5  parts  of  zinc  stearate 

l d )  Milled  as  in  (h)  with  0.5  part  of  phenyl-0-naphthylamine 
(e)  Milled  as  in  (6)  with  2.5  parts  of  zinc  stearate  and  0.5  part 
of  phenyl-/3-naphthylamine 

The  unsaturation  values  were  determined  and  are  given  in 
Table  III.  Within  the  limits  of  error,  which  is  of  the  order  of 
0.1  mole  %,  the  addition  agents  and  the  milling  treatment  show 
no  significant  influence  on  the  determined  values. 


APPARATUS  AND  PROCEDURE 

The  ozone  generator  is  of  the  familiar  Siemens  type  and  is  oper¬ 
ated  at  15  kilovolts. 

In  order  to  obtain  higher  ozone  concentrations,  oxygen  is  used 
in  preference  to  air.  Commercial  oxygen  is  taken  from  a  cylinder 
through  a  reduction  valve  and  is  passed,  in  turn,  through  30% 
sodium  hydroxide,  Drierite,  a  flowmeter,  and  into  the  generator. 
The  ozonized  gas  passes  from  the  generator  through  30%  sulfuric 
acid,  anhydrous  calcium  chloride,  and  into  a  glass  manifold.  A 
flow  rate  of  10  to  15  cc.  per  second  is  commonly  used;  this  may 
be  varied  considerably  and  is  not  critical.  The  ozone  concentra¬ 
tion  depends  on  the  flow  rate,  as  well  as  on  the  particular  genera¬ 
tor.  At  the  above  flow  rate  the  apparatus  used  in  this  laboratory 
gives  ozone  concentrations  of  0.14  to  0.18%  with  air,  and  0.39  to 
0.56  volume  %  with  oxygen.  It  was  found  that  at  least  within 
these  limits,  the  ozone  concentration  is  not  important. 

The  various  glass  leads  between  the  oxygen  cylinder  and  the 
generator  are  joined  with  ordinary  rubber  tubing.  Those  in  the 
immediate  vicinity,  and  on  the  delivery  side,  of  the  generator  are 
joined  with  Koroseal  tubing.  (The  authors  are  indebted  to  T.  L. 
Gresham  of  the  B.  F.  Goodrich  Company  for  a  supply  of  this 
tubing.)  Earlier  attempts  to  use  all-glass  connections  led  to  ex¬ 
cessively  rigid  equipment. 
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The  dry  ozonized  gas  passes  into  the  end  of  a  tubular  glass 
manifold  which  distributes  the  gas  stream  into  the  ozonizing  tubes 
through  three  side  arms.  (The  number  of  side  arms  and  ozoniz¬ 
ing  tubes  can  doubtless  be  increased  and  thus  be  adapted  to  the 
requirements.)  Each  connection  between  the  manifold  side 
arms  and  the  ozonizing  tubes  is  made  flexible  by  inserting  a  piece 
of  Koroseal  tubing.  The  side  arms  are  equipped  with  stopcocks, 
so  that  each  tube  may  be  removed  without  disturbing  the  opera¬ 
tion.  The  end  of  the  manifold  is  equipped  with  a  stopcock,  so 
that  the  ozone  stream  may  be  by-passed.  The  gas  streams  issu¬ 
ing  from  the  ozonizing  tubes  are  united  in  an  exit  manifold  similar 
to  that  described,  and  pass  into  the  laboratory  hood. 


The  ozonizing  tubes  are  held  by  suitable  clamps  in  an  ice-water 
mixture  contained  in  an  insulated  rectangular  trough  equipped 
with  a  fitted  cover  and  a  drainage  valve.  The  tubes  are  made  of 
Pyrex,  as  shown  in  Figure  3.  The  dimensions  are  such  that  each 
tube  will  contain  100  cc.  of  liquid  when  filled  to  a  calibration  mark 
near  the  midpoint  of  the  neck. 

During  the  run  some  solvent  loss  through  evaporation  takes 
place,  and  it  is  necessary  to  make  up  the  resulting  solution  to  a 
definite  concentration  for  the  subsequent  viscosity  measurement. 
This  is  accomplished  by  calibrating  each  tube  at  25°,  30°,  and 
35°  with  159.50  grams  of  carbon  tetrachloride  (which  occupies 
exactly  100  cc.  at  20°,  the  temperature  of  the  viscosity  measure¬ 
ment).  The  ozonized  contents  may  then  be  diluted  to  exact 
volume  at  any  known  room  temperature;  visual  interpolation  is 
sufficiently  exact  for  intermediate  temperatures. 

In  making  a  run  three  solutions  are  prepared  for  each  lot  of 
Butyl  rubber;  these  are  ozonized  for  1,  2,  and  4  hours,  respec¬ 
tively.  Samples  weighing  about  1.5  grams  are  weighed  to  the 
nearest  milligram  and  are  dissolved  in  roughly  40-cc.  portions  of 
carbon  tetrachloride  by  tumbling  for  48  hours  in  glass-stoppered 
containers.  Each  solution  is  then  transferred  to  an  ozonizing 
tube,  the  residual  solution  being  washed  in  with  two  10-cc.  por¬ 
tions  of  the  solvent.  The  tubes  are  clamped  into  position  in  the 
ice-water  mixture  and  ozonized  oxygen  is  passed  through  the 
apparatus  at  a  rate  of  10  to  15  cc.  per  second,  the  rates  through 
the  separate  ozonizing  tubes  being  occasionally  equalized  by  ad¬ 
justment  of  the  stopcocks.  The  rate  of  cooling  of  the  solution  is 
sufficiently  fast  to  permit  ozonization  immediately  after  immer¬ 
sion  of  the  tubes  in  the  cold  bath. 

After  one  hour  the  first  tube  is  removed  from  the  apparatus, 
ozonization  of  the  others  being  allowed  to  continue  for  the  longer 
periods.  A  stream  of  air  is  passed  through  the  contents  for  about 
15  minutes  in  order  to  sweep  out  excess  ozone,  and  after  the  con¬ 
tents  have  been  allowed  to  stand  at  room  temperature  for  a  total 
time  of  at  least  0.5  hour  they  are  diluted  to  exact  volume  with 
carbon  tetrachloride,  thoroughly  mixed,  and  the  viscosity  at  20° 


determined  with  a  Ubbelohde  suspended-level  viscometer,  proper 
account  being  taken  of  the  kinetic  energy  correction. 

TREATMENT  OF  THE  DATA 

The  ratio  of  the  viscosity  of  the  solution  to  that  of  the  solvent 
gives  the  relative  viscosity,  7jr;  from  this  and  the  concentration, 
c,  of  the  polymer,  [77  ]  is  calculated  by  Equation  1.  Dividing  this 
value  by  1.255  (Equation  2),  gives  the  corresponding  intrinsic 
viscosity  in  diisobutylene.  The  values  thus  obtained  for  the 
three  solutions  are  plotted  against  time  of  ozonization;  curves 
such  as  are  shown  in  Figure  4  are  obtained.  The  linear  portion 
of  the  curve,  which  usually  occurs  between  the  2-  and  the  4-hour 
points,  but  which  occasionally  includes  the  1-hour  point,  is  extra¬ 
polated  to  zero  time.  From  the  intercept  the  viscosity-average 
molecular  weight,  M„,  of  the  degraded  polymer  is  obtained  from 
the  following  relation  (1): 

log  Mr  =  5.378  +  1.56  log  [77]  (3) 

The  number-average  molecular  weight  Mn  is  then  given  (/) 
by  the  relation 

Mn  =  Mr/1.832  (4) 

and  the  unsaturation,  U,  of  the  original  polymer,  expressed  as 


Figure  4.  Typical  Ozonization  Curves 


Figure  5.  Correlation  of  Unsaturation  Values  for  Butyl  Rubbers 
Containing  Various  Diolefin  Units 
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moles  of  isoprene  units  per  100  moles  of  isobutylene  units  (mole 
%),  follows  from 

U  =  5610 /Mn  (5) 

ALTERNATIVE  METHOD  OF  ESTIMATING  U  FROM  IODINE 
CHLORIDE  DATA 

For  a  number  of  years  this  laboratory  has  employed  a  modifi¬ 
cation  (5)  of  the  Kemp-Wijs  method  for  obtaining  comparative 
unsaturation  values  for  Butyl  polymers. 

In  this  routine  procedure  a  0. 3-gram  sample  of  the  rubber  is 
dissolved  in  100  cc.  of  carbon  tetrachloride,  5  cc.  of  0.2  N  Wijs 
reagent  are  added,  and  the  mixture  is  allowed  to  stand  in  the  dark 
for  1  hour  at  room  temperature.  Twenty  cubic  centimeters  of 
15%  alcoholic  potassium  iodide  are  then  added,  the  mixture  is 
titrated  with  0.1  N  thiosulfate  to  a  canary  yellow  color,  5  cc.  of 
0.5%  starch  solution  are  added,  and  the  titration  is  completed. 
A  blank  determination  is  made  simultaneously,  and  from  the  dif¬ 
ference  in  the  titers  the  unsaturation  value  (7(IC1),  in  mole  %,  is 
calculated  from  the  formula 

U(IC1)  =  0.281  X  (cc.  of  0.1  A  thiosulfate) /grams  of  sample  (6) 

It  has  been  found  invariably  that  these  values  are  approxi¬ 
mately  twice  as  large  as  those  obtained  by  the  ozonolysis  method, 
and  it  has  been  suggested  (4)  that  the  difference  is  due  to  factors, 
such  as  substitution  reactions,  commonly  encountered  in  iodine 
chloride  determinations.  Figure  5  shows  the  relationship  be¬ 
tween  the  two  values  of  U  for  a  number  of  Butyl  rubber  samples 
of  varying  degrees  of  unsaturation.  The  curve  for  the  isoprene 
copolymer  was  plotted  from  a  quadratic  equation  by  the  method 


of  least  squares.  With  the  aid  of  this  graph  it  is  possible  to  ob¬ 
tain  at  least  approximate  values  of  U  from  corresponding  values 
of  (7(IC1)  determined  by  the  method  described  above.  More 
recently  Kemp  and  Peters  (3)  have  published  an  iodine  chloride 
procedure  for  Butyl  rubber  in  which  a  different  solvent  and  dif¬ 
ferent  reaction  conditions  are  employed.  It  is  likely  that  their 
method  would  be  capable  of  similar  use  in  estimating  U  by 
this  indirect  method. 

It  was  considered  of  interest  to  include  in  Figure  5  curves  for 
Butyl  polymers  containing  butadiene  and  dimethylbutadiene, 
respectively,  as  the  diolefin  units.  Over  the  unsaturation  ranges 
investigated,  these  materials  show  linear  relationships  between 
U  (ozone)  and  (7(10),  although  the  slopes  differ  by  about  20%. 
In  view  of  the  well-known  influence  of  substituent  groups  on  the 
course  of  the  reaction  of  an  olefin  with  halogens,  these  differences 
are  not  surprising.  ♦ 
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A  NUMBER  of  studies  on  the  riboflavin  content  of  eggs  by  the 
biological  rat-growth  assay  {S,  5,7,11)  and  the  microbio¬ 
logical  procedure  of  Snell  and  Strong  ( 2 ,  4>  7H,  13,  14)  have  been 
reported.  Application  of  the  fluorometric  method  has,  how¬ 
ever,  been  rather  limited  ( 1 ,  8,  9).  The  early  reports  of  results 
by  the  rat-growth  method  are  difficult  to  interpret  in  terms  of 
micrograms  of  riboflavin.  The  microbiological  method,  though 
generally  considered  to  provide  reliable  results,  requires  special¬ 
ized  techniques  which  are  not  familiar  to  all  chemists.  Since 
extracts  of  some  biological  materials  may  exert  either  inhibitory 
or  stimulating  effects  {14)  in  the  microbiological  procedure,  the 
adaptation  of  the  convenient  fluorometric  method  to  many  ma¬ 
terials  would  seem  desirable  for  purposes  of  comparison.  Ex¬ 
perience  with  fluorometric  techniques  has  shown  that  methods 
which  are  applicable  to  certain  plant  or  animal  tissues,  may  need 
considerable  modification  before  they  can  be  used  with  success 
on  other  materials. 

The  riboflavin  content  of  hard-boiled  egg  white  can  be  con¬ 
veniently  determined  fluorometrically  by  a  method  previously 
proposed  for  its  determination  in  pork  products  {10).  M  hen  the 
hard-boiled  yolk  is  used  in  this  determination,  however,  the 
resulting  acid  extract  (after  autoclaving  and  incubating  with 
clarase)  is  a  stable  emulsion  which  does  not  provide  a  clear,  read¬ 
able  filtrate.  It  was  found  that  successful  clarification  of  the 
extract  could  be  accomplished  by  either  of  two  methods,  precipi¬ 
tation  of  the  extract  with  two  volumes  of  acetone  as  proposed  by 
Hand  {6)  for  the  fluorometric  determination  of  riboflavin  in  milk, 
or  breaking  the  emulsion  by  mixing  the  extract  with  a  small 
amount  (5%  of  the  total  volume)  of  chloroform  in  a  Waring 
Blendor  for  30  seconds.  From  the  standpoint  of  analytical 
speed,  simplicity  of  operation,  and  accuracy,  the  latter  method 
was  found  to  be  preferable.  The  acetone  precipitation  method 


has  the  disadvantage  of  dissolving  the  yolk  carotenols.  This 
necessitates  the  simultaneous  precipitation  of  an  extra  aliquot  of 
extract  with  acetone  containing  a  known  amount  of  pure  ribo¬ 
flavin,  in  order  to  determine  the  increment  in  the  fluorometer 
reading  due  to  the  added  riboflavin. 

In  the  following  comparison  of  methods,  the  eggs  used  were 
from  Rhode  Island  Red  hens  which  had  been  receiving  a  diet  con¬ 
taining  6.2  micrograms  of  riboflavin  per  gram.  In  addition  to 
duplicate  determinations  on  individual  eggs  from  different  birds, 
analyses  were  also  made  of  eggs  laid  on  the  second  successive 
day  for  the  same  birds.  All  eggs  were  analyzed  within  a  few 
days' after  being  laid. 

DESCRIPTION  OF  METHODS 

The  eggs  are  hard-boiled  for  6  to  10  minutes,  peeled,  and  the 
whites  and  yolks  separated,  since  they  are  to  be  determined  sepa¬ 
rately.  The  first  stage  in  the  preparation  of  the  extract  is  the 
same  for  both  white  and  yolk.  The  entire  yolk  (weighed)  or  10 
to  20  grams  of  white  is  dropped  into  100  cc.  of  0.04  N  sulfuric 
acid  in  a  Waring  Blendor  and  macerated  for  2  minutes  at  high 
speed.  The  creamy  mixture  obtained  is  then  transferred  quanti¬ 
tatively  to  a  250-  or  300-cc.  Erlenmeyer  flask,  using  a  minimum 
amount  of  water  from  a  wash  bottle  to  effect  the  transfer.  The 
flask  is  plugged  with  cotton  and  autoclaved  15  minutes  at  6.8-kg. 
(15-pounds)  pressure.  As  soon  as  the  flask  has  cooled,  20  cc.  of 
a  2  5%  solution  of  clarase,  freshly  prepared  in  a  sodium  acetate- 
acetic  acid  buffer,  are  added.  [The  buffer  solution  (pH  4.5)  is 
prepared  by  adding  54.4  cc.  of  glacial  acetic  acid  to  66.9380  grams 
of  anhydrous  sodium  acetate  together  with  sufficient  distilled 
water  to  obtain  a  solution  of  the  reagents,  and  then  transferred 
to  a  1-liter  volumetric  flask  and  made  up  to  volume  with  distilled 
water.]  The  contents  of  the  flask  are  mixed  thoroughly  and 
then  incubated  at  a  temperature  of  45°  C.  for  24  hours.  The 
flask  is  agitated  two  or  three  times  during  the  incubation. 

Following  the  incubation  period,  the  extract  is  brought  to  a 
volume  of  200  cc.  At  this  point  the  contents  of  the  flask  should 
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be  thoroughly  mixed,  either  by  stoppering  the  flask  and  shaking 
thoroughly,  or  transferring  the  contents  to  a  Waring  Blendor  and 
mixing  for  30  seconds. 

At  this  stage,  the  extract  of  the  egg  white  may  be  filtered  or 
clarified  by  centrifugation  and  the  riboflavin  concentration 
determined  as  previously  described  (10).  The  yolk  extract, 
however,  is  a  stable  emulsion  which  cannot  be  clarified  by  either 
filtration  or  centrifugation.  Either  of  the  following  treatments 
will  provide  clear  filtrates. 

Precipitation  with  Acetone.  Into  each  of  two  test  tubes, 
A  and  B,  are  pipetted  5  cc.  of  the  well-mixed  yolk  extract.  Ten 
cubic  centimeters  of  acetone  are  added  to  tube  A,  and  10  cc.  of 
acetone  containing  0.15  microgram  of  riboflavin  per  cc.  to  tube 
B.  Tube  B  thus  contains  an  increment  of  0.1  microgram  of 
riboflavin  per  cc.  over  tube  A.  The  solutions  containing  the 
precipitated  yolk  protein  are  mixed  and  filtered  through  No.  597 
S.  and  S.  filter  paper.  Fluorescence  readings  on  the  filtrates 
may  be  made  immediately.  With  the  Coleman  electronic 
photometer  (Model  12),  the  instrument  was  adjusted  each  day 
with  a  sodium  fluorescein  solution  of  such  strength  that,  when  its 
reading  was  100,  an  aqueous  solution  containing  0.2  microgram 
of  riboflavin  per  cc.  read  70.  This  range  was  suitable  for  most 
yolk  extracts  prepared  in  the  above  manner.  Having  obtained 
readings  for  A  and  B,  0.5  cc.  of  sodium  hydrosulfite  solution  is 
added  to  each  tube  and  readings  are  taken  again.  The  average 
of  these  two  readings  constitutes  the  reading  of  the  sample  blank, 
or  C  reading.  Since  acetone  extracts  become  cloudy  in  a  short 
,  time  when  treated  with  sodium  hydrosulfite,  it  is  necessary  to 
take  readings  immediately  after  each  addition.  Knowing  the 
fluorescence  increment  due  to  0.1  microgram  of  riboflavin  per 
cc.  (B  —  A),  the  riboflavin  concentration  is  readily  calculated  (10). 

The  hydrosulfite  solution  was  prepared  by  dissolving  5  grams 
of  sodium  hydrosulfite  in  100  cc.  of  an  ice-cold  sodium  bicarbon¬ 
ate  solution '(2  grams  of  sodium  bicarbonate  per  100  cc.). 

Chloroform  Treatment.  The  entire  volume  of  yolk  ex¬ 
tract  (200  cc.)  is  poured  into  a  Waring  Blendor,  10  cc.  of  chloro¬ 
form  are  added  from  a  buret  and  the  solution  is  mixed  for  30  sec¬ 
onds.  After  being  transferred  to  the  original  flask,  the  extract  is 
permitted  to  stand  in  the  dark  for  at  least  30  minutes,  after  which 
it  is  filtered  and  approximately  20  cc.  of  filtrate  are  collected. 
The  chloroform  treatment  breaks  the  emulsion  and  provides  a 
clear  filtrate.  Filtrates  may  be  kept  under  refrigeration  for 
several  days  without  deterioration  or  change  in  riboflavin  con¬ 
tent.  The  riboflavin  concentration  may  be  determined  as  pre¬ 
viously  described  for  its  determination  in  pork  products  (10). 

It  is  important  that  a  “complete  blank”  containing  all  the  re¬ 
agents  and  clarase  used  in  the  method  be  run  through  the  entire 
procedure,  and  the  resulting  concentration  subtracted  from  the 
value  of  the  sample  extract.  This  applies  to  both  the  acetone 
and  chloroform  treatments. 

Recoveries  of  riboflavin  varied  from  97  to  102%  when  10,  20, 
30,  or  40  micrograms  of  riboflavin  were  blended  with  yolk 
samples  and  analyzed  by  the  chloroform  technique. 


Table  1. 

Typical  Results  of  Riboflavin  Determinations 

in  Egg  Yolks 

Bird 

Acetone  Method 

CHCh  Method 

No. 

May  10 

May  11 

May  10 

May  11 

Micrograms/ gram 

Micrograms/ gram 

7 

3.48 

4.07 

3.43 

3.56 

5 

3.09 

2.83 

2.96 

2.84 

13 

3.15 

3.43 

3.24 

3.20 

25 

4.65 

4.74 

4.55 

4.36 

1 

4.05 

4.10 

3.95 

4.01 

10 

4.14 

4.26 

4.03 

4.46 

DISCUSSION 

Two  eggs  from  each  of  18  birds  were  analyzed.  The  two  eggs 
were  in  every  case  laid  on  successive  days.  Table  I  contains 
typical  results  for  yolks  obtained  by  the  two  clarification  proce¬ 
dures.  If  the  methods  are  equally  accurate,  the  variation  be¬ 
tween  eggs  by  the  same  bird  should  be  approximately  equal,  no 
matter  which  is  used.  The  standard  deviations  of  eggs  from  the 
same  bird  were  0.36  and  0.26  microgram  for  the  acetone  and 
chloroform  techniques,  respectively.  The  difference  between 
these  values  is  not  statistically  significant  but  it  should  be  safe 
to  conclude  that  the  chloroform  method  is  at  least  as  accurate  as 
the  other.  It  will  be  apparent  to  the  analyst  that  from  the 
standpoint  of  simplicity  of  operation  and  analytical  speed,  the 
chloroform  clarification  procedure  is  much  to  be  preferred. 


Duplicate  analyses  were  made  on  the  yolks  of  each  of  12  eggs 
by  the  chloroform  technique,  using  weighed  halves  of  each  yolk 
as  duplicates.  The  standard  deviation  of  duplicates  was  0.21 
microgram.  Comparing  this  with  the  standard  deviation  (0.26 
microgram)  for  eggs  from  the  same  bird  where  each  yolk  con¬ 
stituted  a  sample,  it  is  apparent  that  variation  between  eggs  laid 
by  the  same  bird  on  successive  days  is  small. 

The  standard  deviation  for  duplicate  analyses  on  whites  was 
0.15  microgram,  and  the  standard  deviation  of  eggs  laid  on  suc¬ 
cessive  days  was  0.18  microgram.  Again  the  real  day-to-day 
differences  must  have  been  small.  In  neither  case,  ho-wever, 
would  it  be  safe  to  attempt  to  deduce  the  range  of  values  likely  to 
be  encountered  in  the  eggs  of  a  single  bird  over  a  period  of  several 
days.  There  might  be  cyclic  changes;  in  fact,  such  changes 
could  account  for  some  of  the  observed  variation  from  bird  to 
bird. 

There  were  highly  significant  differences  between  birds  in 
riboflavin  content  of  yolks,  whites,  and  whole  eggs,  and  in 
the  ratio  of  riboflavin  in  yolks  to  riboflavin  in  whites.  Mean 
values  and  standard  deviations  are  listed  in  Table  II.  The 
riboflavin  content  of  whole  eggs  was  calculated  from  values 
obtained  on  yolks  and  whites. 


Table  II.  Typical  Results,  Riboflavin  Content  of  Eggs 


Yolk 

White 

Yolk/ White 

Whole  Egg 

Micro¬ 

Micro¬ 

Micro- 

grams/gram 

grams/gram 

grams/ gram 

Mean  of  36  eggs 
Standard  deviation  of 

4.09 

2.67 

1.53 

3.18 

eggs  from  different 
birds 

1.19 

0.44 

0.48 

0.53 

SUMMARY 

Stable  emulsions  which  interfere  in  the  fluorometric  deter¬ 
mination  of  riboflavin  in  egg  yolks  can  be  clarified  by  mixing 
the  extract  in  a  Waring  Blendor  with  a  small  amount  of  chloro¬ 
form. 

Average  riboflavin  values  for  all  eggs  studied  were  (micro- 
grams  per  gram) :  yolk,  4.1;  white,  2.7;  entire  egg,  3.2.  Varia¬ 
tions  from  day  to  day  in  the  riboflavin  content  of  eggs  from 
the  same  bird  were  extremely  small.  The  difference  in  the 
riboflavin  content  of  eggs  from  different  birds  on  the  same  ration 
was  large  and  highly  significant.  The  average  ratio  of  riboflavin 
in  yolks  to  riboflavin  in  whites  was  1.53.  The  standard  deviation 
of  the  ratio  was  0.48. 
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Photometric  Determination  of  Fluosilicic  Acid  in 

Hydrofluoric  Acid 

GEORGE  N.  CADE 

Phillips  Petroleum  Company,  Research  Department,  Bartlesville,  Okla. 


A  method  is  described  which  determines  0.005  to  0.3%  fluosilicic 
acid  in  hydrofluoric  acid  with  an  average  error  of  ±0.003%.  The 
fluosilicic  acid  is  converted  to  silicomolybdic  acid,  which  is  de¬ 
termined  photometrically.  As  much  as  5  mg.  of  iron  does  not 
interfere. 


FLUOSILICIC  acid  in  hydrofluoric  acid  has  been  determined 
by  titrating  the  hydrofluoric  acid  with  standard  alkali  under 
conditions  that  prevent  hydrolysis  of  the  fluosilicic  acid,  subse¬ 
quently  hydrolyzing  the  fluosilicic  acid,  and  titrating  the  resulting 
hydrofluoric  acid  {2,  4,  5,  7).  This  procedure  depends  on  two 
end  points,  the  first  of  which  is  rather  indistinct,  and  requires 
large  samples  (at  least  10  grams)  for  determinations  of  low 
fluosilicic  acid  contents;  furthermore,  the  standard  alkali  pref¬ 
erably  should  be  free  from  carbonate  and  silicate. 

Fluosilicic  acid,  like  silicic  acid  (S),  reacts  with  ammonium 
molybdate  to  form  silicomolybdic  acid  (1). 

In  the  following  procedure,  this  reaction  is  used  for  determining 
fluosilicic  acid.  Most  of  the  hydrofluoric  acid  is  separated  from 
the  fluosilicic  acid  by  evaporation  in  the  presence  of  sodium 
chloride  U) .  The  small  amount  remaining  as  sodium  hydrogen 
fluoride  is  converted  to  fluoboric  acid,  and  the  fluosilicic  acid  is 
converted  to  silicomolybdic  acid,  which  is  determined  photo¬ 
metrically.  After  the  blank  and  the  calibration  curve  have  been 
established,  a  determination  requires  about  1  hour. 

APPARATUS  AND  REAGENTS 

Fisher  AC  electrophotometer,  with  425-mR  filter  and  23-ml. 
cylindrical  cells.  Cells  put  together  with  optical  cement  are  not 
suitable. 

Sample  bomb,  100-ml.,  preferably  of  Monel,  with  0.6-cm. 
(0.25-inch)  brass  Hoke  valve  and  adapter  for  0.6-cm.  (0.25-inch) 
tubing. 

Bakelite  graduate,  25-ml. 

Fluosilicic  acid,  approximately  1  mg.  per  ml.  Mix  0.3  ml.  of 
c.p.  30%  fluosilicic  acid  with  100  ml.  of  water.  Standardize  by 
dissolving  in  a  25-ml.  portion  2  grams  of  potassium  chloride,  add¬ 
ing  25  ml.  of  ethyl  alcohol  and  5  drops  of  methyl  red  indicator, 
and  titrating  with  standard  0.\  N  alkali  (6,  8).  Use  as  soon  as 
possible  after  preparation. 

Sodium  chloride  solution,  20  grams  per  liter. 

Boric  acid,  saturated  solution. 

Sulfuric  acid,  5  N. 

Ammonium  molybdate  solution,  10%. 

Cylinder  of  dry  nitrogen  with  pressure  regulator. 

PROCEDURE 

Preparation  of  Calibration  Curve.  Mix,  in  each  of  five 
50-ml.  volumetric  flasks,  15  ml.  of  water,  10  ml.  of  the  sodium 
chloride  solution,  a  known  volume  (0.20  to  5.00  ml.)  of  the 
standard  fluosilicic  acid,  10  ml.  of  the  boric  acid,  2  ml.  of  the  sul¬ 
furic  acid,  and  5  ml.  of  the  ammonium  molybdate  solution. 
In  each  case  dilute  to  the  mark,  mix,  and  allow  to  stand  for  10 
minutes.  Determine  the  Scale  A  reading  with  the  electro¬ 
photometer  for  each  solution.  Plot  milligrams  of  fluosilicic  acid 
against  Scale  A  readings. 

Treatment  of  Sample.  Into  the  evacuated  sample  bomb 
draw  a  60-  to  80-gram  sample,  and  weigh  to  the  nearest  milli¬ 
gram.  Pipet  10  ml.  of  the  sodium  chloride  solution  into  the 
Bakelite  graduate.  Clamp  the  bomb  valve-downward  and 
connect  the  valve  and  that  of  the  cylinder  of  nitrogen  to  a  Saran 
tee  by  means  of  0.6-cm.  (0.25-inch)  Saran  tubing.  To  the  third 
opening  of  the  tee  connect  a  piece  of  Saran  tubing  that  extends 
almost  to  the  bottom  of  the  graduate,  which  is  fitted  with  a  neo¬ 


prene  stopper  bored  to  fit  the  tubing  loosely  enough  to  permit 
the  escape  of  effluent  nitrogen.  Pass  nitrogen  into  the  solution 
at  the  rate  of  1  or  2  bubbles  per  second.  Carefully  open  the 
valve  on  the  bomb,  and  allow  1  to  5  grams  of  acid  to  be  absorbed 
in  the  solution,  adjusting  the  flow  rate  so  that  significant  quanti¬ 
ties  of  acid  mist  do  not  escape.  Close  the  valve  on  the  bomb  and 
continue  the  flow  of  nitrogen  for  about  5  minutes.  Transfer  the 
contents  of  the  graduate  to  a  100-ml.  platinum  dish  and  evapo¬ 
rate  to  dryness  at  100°  C.  on  a  steam  bath.  Dissolve  the  residue 
in  about  15  ml.  of  water,  mix  with  10  ml.  of  the  boric  acid  solu¬ 
tion,  filter  if  turbid,  and  transfer  to  a  50-ml.  volumetric  flask. 
Add  2  ml.  of  the  sulfuric  acid  and  5  ml.  of  the  ammonium  molyb¬ 
date,  dilute  to  the  mark,  mix,  and  allow  to  stand  for  10  minutes. 
Determine  the  Scale  A  reading  with  the  electrophotometer,  and 
determine,  from  the  calibration  curve,  the  weight  of  fluosilicic 
acid  present. 

Determination  of  Blank.  A  blank  is  necessary  to  compen¬ 
sate  for  silica  in  the  reagents,  which  is  changed  by  hydrofluoric 
acid  to  fluosilicic  acid;  no  blank  is  necessary  in  the  calibration, 
where  hydrofluoric  acid  is  substantially  absent.  Determine  the 
blank  by  making  two  determinations,  one  with  a  1-gram  sample 
and  the  other  with  a  5-  to  7-gram  sample  of  a  hydrofluoric  acid 
low  in  fluosilicic  acid,  and  by  extrapolating  the  results  to  find 
the  fluosilicic  acid  corresponding  to  a  0-gram  sample. 

Although  the  foregoing  procedure  is  described  for  anhydrous 
hydrofluoric  acid,  it  is  easily  adaptable  for  aqueous  acid  by  the 
use  of  a  platinum  sample  container  (7)  and  omission  of  the  use  of 
nitrogen. 


PRECISION  AND  ACCURACY 

Synthetic  mixtures  were  prepared  by  dissolving  known  weights 
of  optical  quartz,  previously  acid-washed  and  ignited,  in  known 
weights  of  anhydrous  hydrofluoric  acid  in  a  Monel  sample  bomb. 
The  results  of  determinations  of  fluosilicic  acid  in  these  samples 
by  the  photometric  method  are  given  in  Table  I. 

The  accuracy  and  the  precision  of  the  photometric  method  are 
indicated  by  an  average  error  of  ±0.003%  calculated  from  the 
data  in  Table  I. 

Determinations,  in  which  known  amounts  of  iron  were  added 
to  hydrofluoric  acid  samples  of  known  fluosilicic  acid  content, 
showed  that  as  much  as  5  mg.  of  iron,  which  is  more  than  is  or- 


Table  I.  Determination  of  Fluosilicic  Acid  in  Synthetic  Mixtures 
with  Hydrofluoric  Acid 

Weight  of 

Sample  H2SiF6  Added3  HzSiFs  Found*  Error 

Grams  %  %  % 


5.512 

0.000 

4.469 

0.000 

2.313 

0.187 

1.674 

0.187 

1.188 

0.306 

1.027 

0.306 

2.273 

0.142 

1.885 

0.142 

3.330 

0.101 

1.985 

0.101 

2.430 

0.068 

2.941 

0.068 

4.479 

0.011 

2.984 

0.011 

3.909 

0.011 

4.756 

0.006 

4.320 

0.006 

4.274 

0.006 

1.670 

0.0484 

O.OOO3 

•  •  • 

0 . 009 c 

•  •  • 

0.181 

-0.006 

0.184 

-0.003 

0.315 

+  0.009 

0.298 

-0.008 

0.145 

+  0.003 

0.147 

+  0.005 

0.100 

-0.001 

0.106 

+  0.005 

0.068 

0.000 

0.065 

-0.003 

0.016 

+  0.005 

0.010 

-0.001' 

0.011 

0.000 

0.009 

+  0.003 

0.007 

+  0.001 

0.008 

+  0.002 

0.045 

-0.003 

*  Corrected  for  H2SiFe  originally  present  in  HF  and  for  blank. 
c  H2SiFs  originally  present  in  HF. 
i  Determined  volumetrically  (7). 


372 


June,  1945 


ANALYTICAL  EDITION 


373 


dinarily  found  in  a  1-  to  5-gram  sample  of  commercial  hydro¬ 
fluoric  acid  (5) ,  does  not  interfere. 
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Determination  of  Vitamin  C  in  the  Presence  of  Interfering 

Reducing  Substances 

Selective  Oxidation-Reduction  Method 

AUBREY  P.  STEWART,  JR.,  AND  PAUL  F.  SHARP 
Research  Laboratory,  Golden  State  Co.,  Ltd.,  San  Francisco,  Calif. 


In  a  selective  oxidation-reduction  method  for  the  analysis  of  true 
vitamin  C,  ascorbic  acid  and  interfering  substances  are  catalytically 
oxidized  by  the  addition  of  concentrated  cucumber  juice  (ascorbic 
acid  oxidase),  followed  by  the  specific  reduction  of  dehydroas- 
corbic  acid  to  ascorbic  acid  by  a  suspension  of  Escherichia  coli  or 
Staphylococcus  albus.  The  ascorbic  acid  thus  formed  is  then  deter¬ 


R EDUCED  ascorbic  acid  is  often  estimated  by  merely  acidi¬ 
fying  a  solution  of  the  material  to  be  analyzed  and  titrating 
directly  with  a  standardized  solution  of  2,6-dichlorophenolindo- 
phenol.  This  procedure  is  satisfactory  for  some  foods,  including 
raw  and  pasteurized  milk  (16).  However,  some  products  contain 
other  reducing  substances  which  react  readily  with  the  indophenol 
dye  solution.  In  this  second  group  are  included  milk  products 
and  other  foods  which  have  been  subjected  to  rather  high  tem¬ 
peratures — for  example,  sterilized  canned  vegetables  and  evapo¬ 
rated  milk. 

Various  methods  have  been  proposed  for  estimating  vitamin 
C  in  the  presence  of  interfering  substances  (/,  2,  3,  7,  9,  10,  12,  13, 
14,  19,  20,  21)  and  King  (8)  reviewed  the  literature  in  1941.  In 
many  instances  interfering  substances  arise  when  hydrogen  sulfide 
is  used  for  the  reduction  of  dehydroascorbic  acid.  The  lack  of 
specificity  of  methods  for  the  determination  of  ascorbic  acid, 
particularly  after  hydrogen  sulfide  reduction  of  dehydroascorbic 
acid,  as  well  as  a  method  for  minimizing  the  effect  of  interfering 
substances  has  been  discussed  by  Hochberg,  Melnick,  and  Oser 
(7). 

The  method  described  here  provides  for  the  determination  of 
both  reduced  and  dehydroascorbic  acid  as  well  as  interfering  re¬ 
ducing  substances.  It  is  based  on  the  enzyme-catalyzed  oxida¬ 
tion  of  ascorbic  acid  and  interfering  substances  by  concentrated 
cucumber  juice  (ascorbic  acid  oxidase)  with  subsequent  specific 
reduction  of  dehydroascorbic  acid  to  ascorbic  acid  by  a  suspen¬ 
sion  of  Escherichia  coli  or  Staphylococcus  albus. 

OXIDATION  OF  ASCORBIC  ACID  AND  REDUCING  SUBSTANCES 

The  oxidation  of  ascorbic  acid  to  dehydroascorbic  acid  can  be 
accomplished  very  rapidly  by  the  addition  of  ascorbic  acid  oxidase 
(17,  18)  in  the  form  of  concentrated  cucumber  juice.  This  oxida¬ 
tion  requires  exactly  one  atom  of  oxygen  per  molecule  of  ascorbic 
acid,  and  does  not  proceed  beyond  the  dehydroascorbic  acid 
stage  (6). 

Heating  milk  to  a  high  temperature  produces  reducing  sub¬ 


mined  by  indophenol  dye  titration.  The  bacterial  suspension  re¬ 
duces  dehydroascorbic  acid  formed  by  the  action  of  the  oxidase  on 
ascorbic  acid,  in  addition  to  any  dehydroascorbic  acid  present  in 
the  original  sample,  thus  permitting  a  measure  of  total  vitamin  C. 
The  method  has  been  successful  when  applied  to  milk  products, 
canned  fruit  and  vegetable  juices,  urine,  and  blood  plasma. 


Dehydroascorbic  acid  determined  by  reduction  with  E.  coli  or  S.  albus 
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stances  which  are  partially  or  completely  oxidized  by  the  addi¬ 
tion  of  concentrated  cucumber  juice  (Figure  1).  Canned  or  bot¬ 
tled  fruit  and  vegetable  juices  contain  interfering  reducing  sub¬ 
stances,  whose  oxidation  is  catalyzed  by  cucumber  juice.  Thus 
the  basic  assumption  made  by  some  investigators  that  ascorbic 
acid  oxidase  is  specific  for  catalyzing  the  oxidation  of  ascorbic 
acid  does  not  appear  to  be  true  in  the  above  cases.  However, 
the  possibility  that  unpurified  cucumber  juice  may  contain  addi¬ 
tional  enzyme  systems  which  bring  about  this  seeming  lack  of 
specificity  has  not  been  investigated. 

REDUCTION  OF  DEHYDROASCORBIC  ACID 

The  oxidation  of  ascorbic  acid  catalyzed  by  cucumber  juice 
can  be  reversed  by  the  reduction  of  dehydroascorbic  acid  to  as¬ 
corbic  acid  by  a  suspension  of  Escherichia  coli  or  Staphylococcus 
albus.  The  use  of  E.  coli  was  proposed  by  Gunsalus  and  Hand 
(5)  for  the  determination  of  dehydroascorbic  acid  in  milk,  fruit 
juices,  and  urine.  The  bacterial  reduction  of  dehydroascorbic 
acid  in  the  authors’  method  is  a  modification  of  that  given  by 
Gunsalus  and  Hand  which  increases  its  applicability. 

The  bacterial  reduction  is  very  rapid  and  apparently  specific 
for  dehydroascorbic  acid.  It  thus  presents  a  distinct  advantage 
over  hydrogen  sulfide  which  has  a  tendency  to  reduce  other  sub¬ 
stances  and  requires  a  longer  time. 

The  specificity  of  the  bacterial  reduction  is  illustrated  in  Figure 
1.  Milk  was  freed  from  ascorbic  acid  by  cucumber  juice  and  the 
resulting  dehydroascorbic  acid  was  destroyed  by  heating.  Re¬ 
ducing  substances  were  produced  by  heating  at  100°  G.  for  30 
piinutes.  The  amount  produced  corresponded  to  17  mg.  per 
liter  of  interfering  substances  expressed  as  reduced  ascorbic  acid 
as  determined  by  indophenol  titration.  To  this  heated  milk 
were  added  32  mg.  per  liter  of  ascorbic  acid,  making  a  total  of  49 
jng.  per  liter  of  ascorbic  acid  plus  interfering  substances. 

The  addition  of  0-1%  cucumber  juice  concentrate  caused  a 
decrease  in  titration  corresponding  to  the  oxidation  of  ascorbic 
acid  and  interfering  substances.  At  intervals  samples  were  re¬ 
moved,  an  E.  coli  or  8.  albus  suspension  was  added,  and  after  in¬ 
cubation  for  25  minutes  at  35°  C.  they  were  titrated  with  indo¬ 
phenol  dye  solution.  The  results  were  identical  with  both  or¬ 
ganisms.  The  increase  in  titration  after  the  addition  of  E.  coli 
or  S.  albus  was  taken  as  a  measure  of  the  amount  of  dehydroas¬ 
corbic  acid  formed  during  the  time  interval.  This  dehydroascor¬ 
bic  acid  was  subtracted  from  the  original  32  mg.  per  liter  of  as¬ 
corbic  acid  to  obtain  the  amount  of  ascorbic  acid  present  at  any 
time  during  the  oxidation  catalyzed  by  cucumber  juice.  The 
.amount  of  interfering  reducing  substances  was  then  calculated 
by  subtracting  ascorbic  acid  from  the  total  amount  of  reducing 
substances  as  represented  by  the  direct  indophenol  titration  of 
samples  taken  during  the  reaction  period. 

As  shown  in  Figure  1,  all  ascorbic  acid  and  almost  all  interfer¬ 
ing  substances  were  catalytically  oxidized  by  cucumber  juice 
concentrate  within  15  minutes.  All  the  ascorbic  acid  oxidized  to 
dehydroascorbic  acid  was  recovered  by  bacterial  reduction,  but 
no  bacterial  reduction  of  oxidized  interfering  substances  took 
place. 

The  specificity  of  E.  coli  and  S.  albus  has  also  been  determined 
for  other  reducing  substances  after  oxidation  catalyzed  by  cu¬ 
cumber  juice.  No  reduction  of  substances  other  than  dehydro- 
.ascorbic  acid  was  obtained  in  sterilized  evaporated  milk,  glucose 
solutions  heated  with  acid  and  alkali,  or  a  number  of  canned 
fruit  and  vegetable  juices.  Known  amounts  of  ascorbic  acid 
added  to  these  materials  could  be  entirely  accounted  for  by  the 
difference  in  indophenol  titration  values  after  oxidation  by  cu¬ 
cumber  juice  and  subsequent  reduction  by  E.  coli  or  S.  albus. 
This  has  also  been  determined  for  whole  milk  powder  especially 
prepared  from  milk  containing  no  vitamin  C  and  known  quanti¬ 
ties  of  ascorbic  acid  added  after  processing.  This  specificity  is 
apparently  an  advantage  over  the  2,4-dinitrophenylhydrazine 
method  for  determining  dehydroascorbic  acid  as  proposed  by  Roe 
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and  Oesterling  (15).  The  only  evidence  for  nonspecific  bacterial 
reduction  was  in  the  case  of  d-isodehydroascorbic  aoid,  which  was 
reduced  at  about  one  third  the  rate  of  f-dehydroascorbic  acid. 
However,  the  possibility  that  nonspecific  reduction  may  take 
place  in  some  materials  and  under  certain  conditions  cannot  be 
excluded  from  the  above  work  and  this  point  should  be  checked 
for  each  material  being  analyzed. 

A  detailed  study  has  been  made  concerning  certain  factors 
which  affect  the  bacterial  reduction  of  dehydroascorbic  acid. 

No  reduction  was  obtained  unless  the  living  organisms  were 
present.  Reducing  the  number  of  viable  organisms  by  heating 
or  by  freezing  and  thawing  resulted  in  loss  in  activity. 

A  large  number  of  organisms  were  tested,  coliforms  and  coccus 
forms  being  found  most  likely  to  reduce  dehydroascorbic  acid. 
Of  88  strains  of  coliform  organisms,  almost  half  were  able  to  re¬ 
duce  dehydroascorbic  acid. 

Complete  recovery  of  dehydroascorbic  acid  by  bacterial  reduc¬ 
tion  was  not  obtained  at  temperatures  above  40°  C.  or  at  pH 
values  above  6.2  because  of  the  rapid  destruction  of  dehydroas¬ 
corbic  acid.  A  temperature  of  35°  C.  and  a  pH  of  5.9  were  found 
most  satisfactory  for  reducing  dehydroascorbic  acid  within  a 
reasonably  short  time  using  a  minimum  amount  of  bacterial  sus¬ 
pension  and  without  irreversible  destruction. 

Oxygen  determinations  have  been  made  in  which  it  was  dis¬ 
covered  that  only  after  the  complete  removal  of  oxygen  from 
solution  was  there  any  reduction  of  dehydroascorbic  acid  unless 
sodium  cyanide  was  added.  The  bacteria  themselves  remove 
oxygen  from  solution  and  thus  establish  anaerobic  conditions. 

Oxygen  removal  by  E.  coli  and  S.  albus  is  very  slow  in  a  phos¬ 
phate  buffer  solution,  but  becomes  very  rapid  when  0.1%  cucum¬ 
ber  juice  concentrate  is  added.  Small  amounts  of  added  cucum¬ 
ber  juice,  in  addition  to  shortening  the  period  required  for  com¬ 
plete  oxygen  removal,  also  increase  the  rate  of  actual  reduction 
of  dehydroascorbic  acid.  This  factor  in  cucumber  juice  is  heat- 
stable. 

Gunsalus  and  Hand  (5)  were  able  to  reduce  dehydroascorbic 
acid  in  milk,  urine,  and  fruit  juices  by  means  of  a. suspension  of 
E.  coli,  but  were  unable  to  obtain  any  reduction  in  composite 
vegetable  or  sauerkraut  juice.  They  state  that  in  these  two  juices 
the  E.  coli  acted  instead  as  an  oxidation  catalyst  to  decrease  the 
ascorbic  acid  present. 

The  authors  have  investigated  this  seeming  inability  of  E.  coli 
to  reduce  dehydroascorbic  acid  under  certain  conditions.  Appar¬ 
ently  E.  coli  forms  a  compound  or  complex  when  incubated  with 
vegetable  juices,  and  this  can  oxidize  ascorbic  acid  in  acid  solu¬ 
tion  below  a  pH  of  about  3.5. 

When  E.  coli  is  incubated  with  sauerkraut  juice  there  is  rapid 
and  complete  reduction  of  dehydroascorbic  acid  to  ascorbic  acid. 
Subsequent  acidification  to  a  pH  below  3.5  causes  the  rapid  oxida¬ 
tion  of  this  ascorbic  acid  and  an  indophenol  dye  titration  under 
these  conditions  is  either  very  small  or  a  blank,  depending  on  how 
fast  the  dye  is  added  with  respect  to  the  rate  of  oxidation  caused 
by  the  compound  or  complex.  Any  dye  which  is  reduced  by  as¬ 
corbic  acid  is  then  gradually  reoxidized  and  the  pink  end  point 
tends  to  increase  in  color  on  standing.  Ascorbic  acid  formed  from 
dehydroascorbic  acid  by  E.  coli  in  sauerkraut  juice  can  be  titrated 
with  indophenol  dye  at  a  pH  of  4.5  without  interference  by  any 
oxidation  reaction.  However,  the  mixture  must  be  heated  or 
phenol  must  be  added  prior  to  the  titration  at  pH  4.5  to  inactivate 
the  E.  coli,  since  otherwise  the  bacteria  tend  to  reduce  the  dye  at 
this  pH  and  give  false  values.  Heating  the  mixture  before  titrat¬ 
ing  at  a  pH  below  3.5  has  no  effect,  since  the  compound  or  com¬ 
plex  is  apparently  heat-stable. 

When  sauerkraut  juice  is  made  0.001  M  with  respect  to  sodium 
cyanide  the  formation  of  an  oxidizing  compound  or  complex  is 
apparently  inhibited,  but  the  dehydroascorbic  acid  reducing  sys¬ 
tem  of  E.  coli  is  left  to  function  intact.  The  ascorbic  acid  formed 
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under  these  conditions  can  be  titrated  with  indophenol  dye  solu¬ 
tion  at  pH  less  than  3.5  without  interference.  Sodium  cyanide 
also  enables  E.  coli  to  reduce  dehydroascorbic  acid  in  buffer  solu¬ 
tion  before  anaerobic  conditions  are  established. 

Vegetable  juices  in  general  behave  like  sauerkraut  juice  when 
incubated  with  a  suspension  of  E.  coli  and  then  analyzed  for  as¬ 
corbic  acid  by  indophenol  dye  titration  at  a  pH  less  than  3.5.  The 
same  effect  has  also  been  noticed  in  the  case  of  some  samples  of 
urine. 

A  strain  of  Staphylococcus  albus  has  been  found  which  rapidly 
reduces  dehydroascorbic  acid  to  ascorbic  acid  in  vegetable  juices 
without  the  production  of  an  interfering  compound  or  complex. 
This  strain  of  S.  albus  has  been  used  satisfactorily  for  the  analysis 
of  vitamin  C  in  a  large  number  of  vegetable  juices,  urine,  and 
blood  plasma.  The  indophenol  dye  titrations  for  ascorbic  acid 
can  be  made  at  a  pH  below  3.5,  which  eliminates  the  necessity 
for  heating  or  adding  phenol  and  titrating  at  pH  4.5  as  in  the  case 
of  E.  coli. 

REAGENTS 

Preparation  op  Dye  Solution.  Dissolve  0.135  gram  of 
sodium  2,6-dichlorobenzenoneindophenol  in  200  ml.  of  hot, 
distilled  water.  Filter  into  a  1-liter  volumetric  flask  and  add 
more  hot  water  until  the  blue  colored  material  has  passed  through 
the  filter.  Adjust  to  room  temperature  and  make  up  to  volume 
with  distilled  water. 

Standardization  of  Dye  Solution.  Prepare  a  standard 
solution  of  Mohr’s  salt  (11)  by  dissolving  0.500  gram  in  1  liter  of 
distilled  water  containing  10  ml.  of  concentrated  sulfuric  acid. 
Add  a  5-ml.  portion  of  the  ferrous  solution  to  10  ml.  of  3%  meta- 
phosphoric  acid  and  titrate  to  a  stable  pink  color  with  the  indo¬ 
phenol  dye  solution.  After  subtracting  a  comparable  blank,  the 
titration  is  equivalent  to  0.562  mg.  of  ascorbic  acid,  or  0.562/dye 
titration  is  the  dye  strength  per  ml.  The  ferrous  solution  is  stable 
for  at  least  a  month,  but  the  indophenol  dye  solution  must  be 
standardized  daily  and  a  fresh  solution  prepared  every  week  or 
10  days. 

Cucumber  Juice  Concentrate.  The  authors  have  found 
differences  in  varieties  of  cucumbers  with  regard  to  the  ability  of 
their  expressed  juice  to  catalyze  the  oxidation  of  ascorbic  acid. 
Therefore,  several  varieties  should  be  tested  before  selecting  one 
for  preparation  of  the  concentrated  enzyme.  The  White  Spine 
variety,  about  15  cm.  (6  inches)  in  length,  is  satisfactory  for  this 
purpose.  The  cucumbers  should  be  frozen  (the  authors  have 
found  it  convenient  to  store  the  cucumbers  in  the  frozen  state  for 
periods  as  long  as  one  year)  and  thawed,  after  which  the  juice 
may  be  drained  and  concentrated  to  1/i2th  the  original  volume 
by  pervaporation  (17)  and  filtered.  Such  preparations  have  been 
kept  for  several  weeks  when  stored  at  10°  C.  with  a  trace  of 
toluene  as  a  preservative.  The  activity  should  be  such  that  0.1 
ml.  in  100  ml.  of  solution  containing  4  mg.  of  ascorbic  acid  will 
catalyze  complete  oxidation  in  less  than  5  minutes  at  pH  5.9  and 
10°  C.  Larger  amounts  of  cucumber  juice  interfere  with  analysis 
of  vitamin  C  when  E.  coli  is  used. 

Bacterial  Suspensions.  The  authors  have  been  able  to  pre¬ 
pare  very  active  suspensions  by  growth  on  solid  media  with  sub¬ 
sequent  washing  into  phosphate  buffer.  A  larger  number  of 
media  have  been  investigated  for  the  preparation  of  E.  coli  sus¬ 
pensions  before  making  the  final  selection.  The  same  medium 
has  been  used  for  growing  S.  albus,  although  whether  or  not  it  is 
the  best  for  this  organism  was  not  determined. 

A  young  culture  is  more  active  than  one  allowed  to  grow  long 
enough  to  possess  an  old  population.  An  incubation  temperature 
of  32°  C.  and  a  growth  period  of  24  hours  were  found  to  be  most 
suited  for  the  preparation  of  an  active  bacterial  suspension. 

Of  a  large  number  of  organisms  tested,  three  were  selected  as 
being  the  most  active  for  reducing  dehydroascorbic  acid.  One  of 
the  most  active  E.  coli  strains  was  the  “Crookes”  strain  of  Esselen 
and  Fuller  (4)  which  is  listed  in  the  American  Type  Culture 
Collection  as  No.  8739.  The  authors  have  isolated  a  slightly  more 
active  coliform  which  has  been  listed  in  the  A.T.C.C.  as  No.  9492. 
The  most  satisfactory  strain  of  S.  albus  found  has  been  listed  as 
No.  9491. 

Formula  and  Preparation  op  Media 

Difco  proteose  tryptone  agar  225  grams 

Difeo  veal  infusion  medium  25  grams 

Dextrose  10  grams 

Distilled  water  5000  ml. 


Dissolve  the  ingredients  by  heating  and  distribute  75  ml.  to 
each  of  65  flat  pint  flasks.  Wine  ovals  are  well  suited  for  this  pur¬ 
pose.  Plug  the  flasks  with  cotton  and  autoclave  at  7.7  kg.  (17 
pounds)  for  25  minutes.  Remove  from  the  autoclave  and  allow 
the  media  to  harden  with  the  flasks  flat  to  give  a  maximum  sur¬ 
face  area.  This  medium  sets  into  a  firm  gel  which  is  not  easily 
broken  and  supports  excellent  growth. 

Inoculate  about  10  ml.  of  sterile  nutrient  broth  with  three  or 
four  loops  of  E.  coli  or  S.  albus  from  an  agar  slant.  Shake  well 
and  immediately  inoculate  each  of  three  flasks  with  2  ml.  of  the 
broth  culture,  making  certain  that  the  inoculum  is  evenly  dis¬ 
tributed  over  the  agar  surface.  Incubate  at  32°  C.  for  24  hours. 
Add  10  ml.  of  nutrient  broth  to  each  of  the  three  flasks  and  harvest 
by  gently  rocking  until  the  growth  is  removed  from  the  agar  sur¬ 
face.  Transfer  the  broth  suspension  from  the  three  flasks  to  100 
ml.  of  nutrient  broth,  making  a  total  of  approximately  130  ml. 
of  broth  suspension.  Inoculate  each  of  62  flasks  with  2  ml.  of 
this  heavy  suspension  and  incubate  at  32°  C.  for  24  hours.  Har¬ 
vest  the  contents  of  each  flask  in  10  ml.  of  0.05  M  sterile  phosphate 
buffer  at  pH  5.9.  One  liter  of  the  buffer  contains  6.13  grams  of 
KH2P04  and  1.79  grams  of  Na2HP04.12H20.  Combine  the  crops 
and  centrifuge  the  buffer  suspension,  discard  the  supernatant 
liquid,  and  resuspend  in  an  equal  volume  of  buffer.  Repeat  for  a 
total  of  three  washings  and  finally  resuspend  in  a  volume  of  400 
ml.  Store  in  a  refrigerator.  A  suspension  of  E.  coli  prepared  in 
this  manner  should  contain  between  100  and  200  billion,  viable 
count,  per  ml.  Suspensions  of  S.  albus  tend  to  have  a  lower 
viable  count. 

Suspensions  of  E.  coli  have  been  stored  at  8°  C.  for  over  4 
months  without  appreciable  loss  in  activity.  Suspensions  of  S. 
albus  are  not  so  stable  and  usually  have  to  be  discarded  after 
about  2  weeks. 

Determination  of  Activity  op  Bacterial  Suspensions. 
Dissolve  2  to  4  mg.  of  ascorbic  acid  in  100  ml.  of  cold  (10°  C.) 
pH  5.9  buffer.  Accurately  measure  10  ml.  of  the  solution  into  a 
test  tube  containing  1.0  ml.  of  the  bacterial  suspension  and  a  drop 
of  cucumber  juice  concentrate  diluted  1  to  10  with  water  and  in¬ 
cubate  for  about  15  minutes  at  35°  C.  In  the  meantime,  add  0.1 
ml.  of  cucumber  juice  concentrate  to  the  remaining  ascorbic  acid 
solution  and  hold  for  5  minutes,  or  until  all  ascorbic  acid  has 
been  oxidized  to  dehydroascorbic  acid.  Immediately  add  10  ml. 
of  the  dehydroascorbic  acid  solution  to  1.0  ml.  of  bacterial  sus¬ 
pension  in  another  test  tube  and  incubate  at  35°  C.  for  25  minutes 
in  a  water  bath.  At  the  end  of  the  incubation  periods,  pour  the 
contents  of  the  tubes  into  separate  25-ml.  portions  of  0.1  N  sul¬ 
furic  acid  and  titrate  at  once  with  indophenol  dye  solution.  The 
two  titrations  should  be  equal  if  complete  reduction  of  dehydro¬ 
ascorbic  acid  has  taken  place. 

It  is  important  that  the  dehydroascorbic  acid  solution  be  kept 
cold  until  the  bacterial  suspension  is  added  and  the  entire  pro¬ 
cedure  carried  out  rapidly  or  irreversible  destruction  of  dehydro¬ 
ascorbic  acid  will  take  place.  Less  bacterial  suspension  may  be 
used,  although  it  is  good  practice  to  use  rather  large  excesses  to 
make  certain  the  reduction  occurs  rapidly  before  any  dehydro¬ 
ascorbic  acid  is  lost. 

METHOD 

The  method  is  given  here  as  applied  to  evaporated  milk  and 
whole  milk  powder.  Modifications  must  be  made  for  the  analysis 
of  other  foods. 

Evaporated  milk  should  be  chilled  thoroughly  before  analysis. 
Dilute  100  ml.  to  a  total  volume  of  200  ml.  with  cold  0.07%  acetic 
acid.  The  final  pH  should  be  about  5.9.  Reconstitute  whole 
milk  powder  with  cold  distilled  water  and  a  little  acetic  acid. 
This  is  best  accomplished  by  mixing  230  ml.  of  water,  1.5  ml.  of 
10%  acetic  acid,  and  0.5  ml.  of  detergent  (Igepal  CTA,  General 
Dyestuff  Corp.)  in  a  Waring  Blendor  and  adding  31.25  grams  of 
whole  milk  powder.  If  the  volume  after  mixing  is  less  than  250 
ml.,  make  up  to  that  volume  with  a  little  distilled  water. 

Immediately  add  0.1  ml.  of  cucumber  juice  concentrate  to  100 
ml.  of  reconstituted  milk  and  allow  to  stand  for  about  10  minutes. 
Pipet  a  10-ml.  aliquot  into  a  200-ml.  beaker  containing  25  ml.  of 
0. 1  N  sulfuric  acid.  While  the  pipet  is  draining,  transfer  another 
10-ml.  aliquot  into  a  test  tube  containing  1.0  ml.  of  E.  coli  sus¬ 
pension  and  place  in  a  water  bath  maintained  at  35°  C.  Titrate 
the  aliquot  added  to  the  sulfuric  acid  with  indophenol  dye  solu¬ 
tion  to  a  pink  color  which  persists  for  30  seconds.  Incubate  the 
other  aliquot  with  E.  coli  for  25  minutes,  add  acid,  and  titrate 
with  indophenol  dye.  The  difference  in  the  two  titrations,  mul¬ 
tiplied  by  the  dye  factor,  is  equivalent  to  the  amount  of  total 
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Table  I.  Reduced  Ascorbic  Acid,  Dehydroascorbic  Acid,  and 
Reducing  Groups  Other  Than  Ascorbic  Acid  in  Canned  Fruit  and 
Vegetable  Juices,  Dairy  Products,  Urine,  and  Blood  Plasma 

Reducing 

Groups 

Dehydro-  Other  Than 

Canned  Fruit  or  Ascorbic  ascorbic  Ascorbic 

Vegetable  Juice  Acid  Acid  Acid 

Mg./lOO  ml.  Mg./lOO  ml.  Mg./lOO  ml. 


Orange,  unsweetened 

60 

0 

9 

Grapefruit,  unsweetened 

36 

0 

6 

Pineapple,  unsweetened 

8 

0 

2 

Apple 

3 

1 

1 

Parsley 

41 

0 

53 

Lettuce 

4 

0 

7 

Sauerkraut  No.  1 

4 

0 

8 

Sauerkraut  No.  2 

1 

0 

1 

Dairy  Products 

Reconstituted  evaporated  milk 


(10  brands) 

0.25 

0.0 

2.3 

Reconstituted  spray  process 
whole  milk  powder  (100  sam¬ 
ples) 

1.25 

0.0 

0.3 

Market  milk  from  retail  stores  in 
San  Francisco-Oakland  area 
(10  brands  and  269  samples) 

0.37 

0.24 

0.0 

Market  milk  from  homes  of  con¬ 
sumers  in  San  Francisco— Oak¬ 
land  area  (5  brands  and  144 


samples) 

0.35 

0.26 

0.0 

Urine 

1 

0.28 

0.09 

0.47 

2 

1.14 

0.32 

2.28 

3 

0.70 

0.52 

0.91 

4 

5.50 

0.45 

1.85 

5 

0.65 

0.45 

1.41 

6 

0.13 

0.26 

0.71 

7 

0.59 

0.06 

0.25 

Blood  Plasma 

1 

0.80 

0.32 

0.29 

2 

0.81 

0.33 

0.00 

3 

1.17 

0.00 

0.00 

vitamin  C  in  10  ml.  of  reconstituted  milk.  This  may  be  multi¬ 
plied  by  100  to  express  the  values  in  the  usual  terms  of  mg.  per 
liter. 

If  the  relative  amounts  of  ascorbic  acid  and  dehydroascorbic 
acid  are  to  be  determined,  two  additional  titrations  are  required: 

(1)  immediately  after  reconstituting  and  (2)  -after  incubating 
with  E.  coli  10  ml.  of  milk  to  which  no  cucumber  juice  has  been 
added.  The  difference  in  titrations  is  equivalent  to  the  amount 
of  dehydroascorbic  acid  originally  present.  This  difference  may 
be  subtracted  from  total  vitamin  C  to  obtain  the  amount  of  as¬ 
corbic  acid  in  the  sample. 

The  selective  oxidation-reduction  method  just  described  has 
been  used  in  the  authors’  laboratories  for  the  analysis  of  several 
thousand  samples  of  milk  products.  It  has  adapted  itself  well 
for  routine  procedure  in  the  hands  of  laboratory  technicians. 
With  a  little  practice,  the  analyst  can  duplicate  titrations  to 
within  about  0.05  ml.,  or  approximately  0.4  mg.  of  vitamin  C  per 
liter.  One  person  during  an  ordinary  working  day  can  easily 
analyze  30  samples  of  whole  milk  powder  or  evaporated  milk  by 
this  method. 

A  number  of  canned  or  bottled  fruit  and  vegetable  juices 
available  in  retail  stores  have  also  been  tested  for  vitamin  C  by 
this  method  as  well  as  for  recovery  of  added  ascorbic  acid.  These 
juices  included  grapefruit,  orange,  pineapple,  lemon,  peach, 
papaya,  guava,  lime,  pear,  apple,  celery,  cucumber,  parsley,  car¬ 
rot,  lettuce,  water  cress,  composite  vegetable,  rhubarb,  and  sauer¬ 
kraut  juice.  The  method  was  satisfactory  when  either  E.  coli  or 
S.  albus  was  used  for  the  fruit  juices  and  when  S.  albus  was  used 
for  the  reduction  in  vegetable  juices.  The  juices  contained  little 
or  no  original  dehydroascorbic  acid,  but  many,  especially  vege¬ 
table  juices,  contained  rather  large  amounts  of  reducing  sub¬ 
stances  other  than  ascorbic  acid  which  caused  no  interference 
with  this  method. 

In  general,  fruit  and  vegetable  juices  were  chilled  before  analy¬ 
sis  and  were  diluted  with  a  cold  buffer  solution  containing  a  pre¬ 
determined  amount  of  alkali,  so  as  to  make  the  final  concentra¬ 


tion  of  vitamin  C  less  than  5  mg.  per  100  ml.  and  the  pH  5.9  to 
6.0.  A  3%  metaphosphoric  acid  solution  was  used  instead  of 
0.1  A  sulfuric  acid  for  the  indophenol  titration.  No  attempt  has 
been  made  to  extend  the  method  to  highly  colored  materials 
which  are  difficult  to  titrate  visually  with  indophenol  dye.  How¬ 
ever,  no  particular  difficulty  should  be  found  in  adapting  the 
method  to  colorimeter  measurements  for  such  materials. 

The  method  has  also  been  applied  to  urine  and  blood  plasma. 
S.  albus  was  used  for  these  analyses  and  the  general  procedure 
was  the  same  as  for  fruit  and  vegetable  juices.  Urine  and  blood 
plasma  were  adjusted  to  a  satisfactory  pH  by  merely  adding  an 
equal  amount  of  0.25  M  phosphate  buffer  of  pH  5.9  before  adding 
cucumber  juice  and  the  bacterial  suspension. 

Some  typical  analyses  of  canned  fruit  and  vegetable  juices, 
dairy  products,  urine,  and  blood  plasma  are  presented  in  Table  I. 

Occasionally  a  solution  is  so  well  buffered  that  the  addition  of 
acid  prior  to  indophenol  titration  is  insufficient  to  cause  the  inac¬ 
tivation  of  the  bacterial  suspension.  In  such  cases  the  addition 
of  a  small  amount  of  phenol  has  been  helpful  to  prevent  the  bac¬ 
terial  reduction  of  the  dye  itself.  It  is  often  necessary  to  subtract 
a  blank  caused  by  the  presence  of  small  amounts  of  reducing 
substances  in  the  bacterial  suspensions.  These  substances  come 
from  certain  lots  of  media  and  are  difficult  to  remove  completely 
from  the  suspensions  by  washing.  The  reduction  of  dye  by  the 
bacteria  themselves  should  be  carefully  checked  from  time  to 
time  in  order  to  avoid  serious  errors  in  the  determination. 
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Electrolytic  Determination  of  Copper  and  Zinc 

In  Brass  Plating  Baths  and  in  Brass  Electrodeposits 

A.  S.  MICELI  AND  R.  E.  MOSHER,  Motor  Products  Development  Laboratory,  U.  S.  Rubber  Company,  Detroit,  Mich. 


IN  A  PRIOR  paper  (I)  reference  was  made  to  the  present  electro¬ 
lytic  method  for  zinc  and  copper,  in  which  the  copper  and 
zinc  are  codeposited  from  a  cyanide  solution  containing  am¬ 
monium  sulfate  and  ethanolamine,  the  deposit  is  dissolved  in 
sulfuric  and  nitric  acids,  and  the  copper  is  deposited.  During 
the  intervening  months  the  procedure  has  proved  more  conven¬ 
ient  and  rapid  than  was  reported,  without  sacrificing  precision 
and  accuracy.  It  has  been  successfully  used  for  the  determina¬ 
tion  of  copper  and  zinc  in  brass  plating  baths  and  in  electro- 
deposited  brass  and  has  also  been  adapted  to  the  determination  of 
cadmium,  zinc,  or  copper  in  plating  baths. 

Recently,  a  procedure  similar  to  the  present  one  has  been  re¬ 
ported  by  Verdin  {2).  However,  his  method  requires  3  hours 
for  the  determination  of  copper  and  zinc  while  the  present 
method  requires  from  45  to  50  minutes. 

APPARATUS 

The  electrolytic  apparatus  used  consists  of  one  stationary 
platinum  gauze  electrode  (3.5  cm.  in  diameter  and  4  cm.  high) 
and  one  central  revolving  platinum  gauze  electrode  (2  cm.  in 
diameter  and  4  cm.  high)  with  a  6-volt  rectifier  operating  from 
a  110-volt  alternating  current  line.  The  machine  is  equipped 
with  an  electric  hot  plate  for  heating  the  sample  and  a  reversing 
switch  for  changing  the  polarity  of  the  electrodes.  The  only 
other  pieces  of  apparatus  required  are  an  ordinary  analytical 
balance  and  a  drying  oven. 


Table  I.  Accuracy  of  Method 


Substance  (Plus  Blank) 


Stock  brass-plating  solution  (blank) 

Ferrocyanide 

Silicon  (added  as  silicate) 

Arsenic  (added  as  arsenite) 

Lead  (added  as  plumbite) 

Nickel  (added  as  cyanide  complex) 
Antimony  (added  as  antimonite) 
Tin  (added  as  stannite) 


Electrodeposit 

Error 

Gram 

Gram 

0.2590 

0.2594 

+  0.0004 

0.2587 

-0.0003 

0.2665 

+  0.0075 

0.2664 

+  0.0074 

0.2692 

+  0.0102 

0.2615 

+  0.0025 

0.2648 

+  0.0058 

SOLUTIONS 

Supporting  electrolyte,  200  grams  of  ammonium  sulfate  and 
40  ml.  of  Eastman  Kodak  ethanolamine  (practical)  per  liter. 
This  solution  should  be  filtered  before  it  is  used. 

Acid  mixture,  2  parts  of  18  N  sulfuric  acid  to  1  part  of  6  A 
nitric  acid. 

Sodium  sulfide,  25  grams  of  sodium  sulfide  nonahydrate  per 
50  ml.  of  solution. 

Sodium  cyanide,  5%  solution. 

Brass  electrodeposit  stripping  solution.  A  solution  8  N  in 
ammonium  hydroxide  and  containing  25  grams  of  ammonium 
persulfate  per  liter;  5  drops  of  30%  hydrogen  peroxide  are  added 
to  each  25-ml.  portion  of  this  solution  before  it  is  used. 

PROCEDURE  FOR  ANALYSIS  OF  BRASS-PLATING  SOLUTION 

Centrifuge  a  portion  of  the  cyanide  brass-plating  solution  to 
be  analyzed.  Pipet  10  ml.  of  the  clear  solution  into  a  180-ml. 
electrolytic  beaker  and  add  50  ml.  of  the  supporting  electrolyte. 
Heat  just  to  boiling  and  using  a  weighed  platinum  electrode, 
electrolyze  in  a  covered  beaker  at  2.5  to  3.0  amperes,  maintaining 
a  temperature  of  80°  C.  Wash  down  the  sides  of  the  beaker 
serveral  times  during  the  process  of  electrolysis.  After  the 
sample  has  run  for  15  minutes,  test  for  completeness  of  copper 
removal  by  mixing  on  a  spot  plate  1  drop  of  the  solution  and  1 
drop  of  concentrated  hydrochloric  acid,  then  adding  1  drop  of 
the  sodium  sulfide  test  solution.  A  brown  color  indicates  that 
the  copper  has  not  been  completely  removed. 

When  the  electrodeposition  is  complete,  wash  the  electrode 
with  distilled  water,  dip  it  in  dry  acetone,  and  heat  in  the  oven 
at  110°  C.  for  5  minutes.  Cool  and  weigh. 

Place  the  weighed  electrode  in  a  180-ml.  electrolytic  beaker  and 


add  3  ml.  of  the  prepared  acid  mixture.  Allow  a  portion  of  the 
brass  to  dissolve  in  the  acid.  Without  removing  the  electrode 
from  the  beaker,  connect  the  electrode  and  after  adding  enough 
water  to  cover  the  brass  deposit,  strip  the  brass  electrolytically 
by  reversing  the  original  polarity  and  electrolyzing  at  0.5  to  1 
ampere  till  the  platinum  is  bare  (about  5  minutes).  The  po¬ 
larity  is  now  returned  to  normal  and  the  copper  deposition  is 
begun,  first  at  0.5  ampere  until  the  electrode  is  covered  (about 
1  minute)  and  then  at  1.5  amperes  until  deposition  is  complete 
(about  10  minutes).  Wash,  dry,  cool,  and  weigh  the  electrode 
to  determine  copper.  The  weight  of  copper  subtracted  from 
that  of  brass  gives  the  weight  of  zinc. 

PROCEDURE  FOR  ANALYSIS  OF  BRASS  PLATE 

Using  a  solution  of  cellulose  acetate  in  ethyl  acetate,  mask  off 
10  sq.  inches  (65  sq.  cm.)  of  plate  area.  Deliver  the  stripping 
solution  from  a  buret  and  run  it  over  this  area  to  be  stripped  until 
the  base  metal  is  clean.  Transfer  the  collected  solution  of  copper 
and  zinc  to  a  180-ml.  electrolytic  beaker  and  boil  for  5  to  10  min¬ 
utes  to  destroy  persulfate.  Add  the  sodium  cyanide  solution  until 
the  blue  color  of  the  copper-ammonia  complex  vanishes  and  then 
add  50  ml.  of  the  supporting  electrolyte.  From  this  point  on, 
proceed  exactly  as  in  the  brass-plating  solution  analysis. 

INTERFERENCES 

Since  the  ordinary  brass-plating  bath  contains  traces  of  certain 
metallic  impurities  and  up  to  2  grams  of  sodium  ferrocyanide  per 
liter,  the  influence  of  these  substances  on  the  accuracy  of  the 
method  was  checked.  Ten  milligrams  of  the  metal  or  radical 
under  study  were  added  as  a  sodium  salt  to  10  ml.  of  a  stock 
brass-plating  solution  and  the  recommended  electrolytic  proce¬ 
dure  was  followed  (Table  I). 

It  is  clear  from  Table  I  that  accurate  results  cannot  be  expected 
in  the  presence  of  lead,  arsenic,  antimony,  tin,  or  nickel.  When 
the  plating  characteristics  of  the  bath  point  to  a  possible  metallic 
contamination,  a  direct  chemical  analysis  for  the  impurity  be¬ 
comes  necessary.  Such  cases  are,  however,  rare. 

DISCUSSION 

In  the  development  of  the  present  procedure,  the  aim  was  to 
find  a  suitable  means  of  freeing  copper  and  zinc  in  the  brass¬ 
plating  bath  from  their  more  stable  complexes  and  converting 
these  metals  into  complexes  permitting  rapid  yet  quantitative 
deposition  of  brass.  In  the  search  for  a  suitable  electrolyte  it 
was  found  that  ammonium  hydroxide  speeded  the  deposition 
of  brass.  However,  because  of  the  rapidity  with  which  the  am¬ 
monia  was  driven  out  of  solution  by  heating  and  gas  evolution 
at  the  electrodes,  it  was  not  satisfactory.  Consequently  experi¬ 
ments  were  made  with  other  water-soluble  amino  compounds: 
2-amino-l-butanol,  hydroxylammonium  sulfate,  glycine,  sul- 
fanilic  acid,  ethanolamine,  diethanolamine,  and  triethanolamine. 
Of  these  compounds,  ethanolamine  gave  the  best  deposit  and  the 
most  consistent  results.  All  these  compounds  gave  denser  and 
brighter  plates  than  does  ammonia. 

A  further  large  increase  in  the  speed  of  deposition  was  accom¬ 
plished  through  heating  to  80°  to  90°  C.,  electrolyzing  at  a  high 
current  density,  and  using  a  large  concentration  of  ammonium 
sulfate,  the  latter  salt  serving  largely  to  decompose  any  free  so¬ 
dium  cyanide  in  the  solution.  With  this  combination  of  electro¬ 
lyte  and  plating  conditions,  the  deposition  of  brass  can  be  made 
extremely  rapid.  To  illustrate  the  speed  of  deposition  by  the 
present  procedure,  four  10-ml.  samples  of  a  stock  brass-plating 
solution  were  electrolyzed  for  5,  7.5,  10,  and  15  minutes,  re¬ 
spectively.  Of  the  0.2387  gram  of  brass  contained  in  each,  the 
amounts  remaining  undeposited  at  the  interruption  of  plating 
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were,  respectively,  0.0263,  0.0138,  0.0007,  and  0.0000  gram. 
Thus  without  undue  haste  on  the  part  of  the  analyst,  the  copper 
and  zinc  content  of  a  brass-plating  bath  (or  the  copper-zinc  ratio 
of  a  brass  plate)  can  be  readily  determined  in  45  minutes. 

Perhaps  the  greatest  disadvantage  encountered  is  that  some 
hydrocyanic  acid  is  evolved  during  the  electrolysis.  However, 
experience  has  shown  that  if  the  electrolytic  machines  are  placed 
in  or  close  to  a  hood  in  a  well-ventilated  room,  the  method  pre¬ 
sents  no  hazard  from  cyanide  fumes. 

The  precision  and  accuracy  of  the  method  are  satisfactory. 
The  average  weights  of  copper  and  zinc  for  twenty-five  10-ml. 
samples  of  standard  brass  solution  were  0.2210  and  0.0169  gram, 
respectively,  and  the  average  deviation  was  ±0.0003  gram  for 
both  copper  and  zinc.  The  solution  was  standardized  by  the 
methods  of  Miceli  and  Larson  (!)  and  was  found  to  contain 
0.2211  gram  of  copper  and  0.0167  gram  of  zinc  per  10  ml. 


While  the  method  is  hardly  an  umpire  method,  it  has  been 
found  entirely  satisfactory  for  production  and  experimental  con¬ 
trol  work.  The  simplicity  of  the  technique  involved  is  also  of 
benefit,  especially  when  the  analyses  are  turned  over  to  a  new 
operator. 

ACKNOWLEDGMENTS 

The  authors  are  grateful  to  V.  F.  Felicetta  and  C.  A.  Ihrcke 
for  their  contributions  to  the  procedure  during  its  many  months 
of  use.  Thanks  are  also  extended  to  the  United  States  Rubber 
Company  for  permission  to  publish  the  work. 

LITERATURE  CITED 

(1)  Miceli,  A.  S.,  and  Larson,  I.  O.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  16, 

165  (1944). 

(2)  Verdin,  F.  I.,  Zavodskaya  Lab.,  10,  648  (1941). 


Standards  in  Vitamin  A  Assays 

U.S.P.  Reference  Cod  Liver  Oil  vs.  Beta-Carotene 
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Evidence  from  both  biological  and  spectrophotometric  data  is  pre¬ 
sented  showing  that  U.S.P.  reference  cod  liver  oil  No.  2  contains 
less  than  1700  international  units  of  vitamin  A  per  gram  and  there¬ 
fore  that  the  U.S.P.  vitamin  A  unit  cannot  be  considered  identical 
with  the  international  unit  for  that  vitamin.  As  a  result  of  this  dis¬ 
crepancy,  assays  of  vitamin  A  value  performed  by  bioassay  using 
U.S.P.  reference  cod  liver  oil  No.  2  as  the  standard  and  expressed 
in  terms  of  international  units  may  be  from  30  to  44%  higher  than 
the  actual  value.  Data  are  also  presented  showing  the  instability  of 
vitamin  A  as  it  occurs  in  U.S.P.  reference  cod  liver  oil  No.  2.  Pure 
/3-carotene  may  be  used  as  a  standard  for  the  bioassay  of  vitamin  A 
until  a  more  stable  and  satisfactory  standard  is  developed. 

IN  CONNECTION  with  a  study  of  the  utilization  of  carotene, 
I  in  which  the  vitamin  A  value  of  a  number  of  samples  of  car¬ 
rots  was  determined  by  both  spectrophotometric  and  biological 
methods,  evidence  has  been  accumulated  indicating  that  U.S.P. 
reference  cod  liver  oil  No.  2  is  lower  in  vitamin  A  potency  than 
1700  international  units  per  gram  and  thus  that  the  U.S.P.  and 
international  vitamin  A  units  are  not  “identical”.  As  a  result  of 
this  discrepancy,  vitamin  A  values  determined  by  the  bioassay 
method,  using  U.S.P.  reference  oil  No.  2  as  a  standard  and  ex¬ 
pressed  in  terms  of  international  units,  appear  higher  than  they 
are  in  reality. 

BIO  ASSAY  DATA 

The  biological  assays  were  conducted  in  accordance  with  the 
method  outlined  in  the  U.  S.  Pharmacopoeia  XI,  a  total  of  324 
animals  being  used  in  the  experiments.  Both  male  and  female 
rats  from  the  authors’  stock  colony  were  used  and  the  groups  of 
animals  to  be  compared  were  composed  of  equal  numbers  of  sex- 
litter  mates.  The  laboratory  in  which  the  animals  were  kept  was 
maintained  at  78°  to  82°  F.  (25.56°  to  27.78°  C.). 

One  reference  group  of  animals  received  U.S.P.  reference  oil 
No.  2  in  an  amount  providing  14  units  of  vitamin  A  per  week, 
basing  calculations  on  the  value  assigned  to  this  oil  of  1700  units 
per  gram.  It  was  planned  that  a  second  reference  group  should 
receive  /3-carotene  (pure  0-carotene,  SMA  Corp.)  equivalent  to 
the  cod  liver  oil  in  vitamin  A  value,  considering  0.6  microgram 
of  0-carotene  as  equivalent  to  1  international  unit. 

As  soon  as  it  became  apparent  that  there  was  a  considerable 
difference  between  the  growth  rates  of  the  animals  receiving  cod 
liver  oil  and  those  receiving  0-carotene,  the  0-carotene  content  of 


the  solutions  used  for  feeding  was  determined  spectrophotomet- 
rically.  An  aliquot  of  0.5  cc.  of  the  0-carotene  solution  as  diluted 
for  feeding  was  weighed  and  diluted  to  25  cc.  with  a  1  to  1  mixture 
of  purified  Skellysolve,  fraction  C,  and  ethyl  alcohol.  The  ab¬ 
sorptions  at  wave  lengths  430,  450,  and  480  my.  were  read  by 
means  of  a  photoelectric  spectrophotometer,  using  a  Hilger 
double  monochromator,  and  absorbencies  of  an  equal  amount  of 
cottonseed  oil  measured  at  the  same  wave  lengths  subtracted 
from  these  readings.  The  average  ratios  between  the  absorptions 
at  430  and  450  my  and  at  480  and  450  m/u  were  73.6  and  88.1%, 
respectively.  These  ratios  indicate  that  some  small  amount  of 
impurity  was  present  in  the  supposedly  pure  0-carotene  and  point 
to  the  necessity  for  further  purification  of  even  the  best  commer¬ 
cial  preparations. 

Calculation  of  the  amount  of  0-carotene  present  in  each  solu¬ 
tion  was  based  on  the  average  extinction  coefficient  for  0-carotene 
of  0.2487.  This  coefficient  has  frequently  been  obtained  with 
these  same  solvents  in  the  laboratory  of  the  Bureau  of  Dairy  In¬ 
dustry,  the  highest  extinction  coefficient  for  pure  0-carotene  in 
petroleum  ether-ethyl  alcohol  obtained  in  this  laboratory  being 
0.2455.  The  average  value  thus  obtained  for  the  series  of  solu¬ 
tions  was  25.6  micrograms  of  0-carotene  per  gram  of  solution, 
which  is  equivalent  to  23.4  micrograms  per  cc.,  using  0.915  as  the 
specific  gravity  of  the  cottonseed  oil  at  the  temperature  of  the 
experiment  room.  This  value  represents  the  maximum  amount 
of  0-carotene  present  in  the  solutions  and  has  been  used  in  calcu¬ 
lating  the  0-carotene  intake  of  the  experimental  animals  (Table  I). 

The  U.S.P.  reference  oil  was  diluted  prior  to  feeding  each  week, 
using  cottonseed  oil  containing  0.01%  hydroquinone  as  the  dilu¬ 
ent.  No  sample  of  reference  oil  was  used  beyond  the  expiration 
date  marked  on  the  bottle.  The  concentrated  standard  solutions 
of  0-carotene  in  cottonseed  oil  were  diluted  at  weekly  intervals 
for  feeding.  The  solutions  were  stored  in  the  dark  at  a  tempera¬ 
ture  below  0°  C.  at  all  times  when  not  actually  in  use.  Supple¬ 
ments,  fed  thrice  weekly  from  a  calibrated  syringe,  were  pre¬ 
pared  so  that  each  dose  was  contained  in  0.1  cc.  of  the  cottonseed 
oil  solution.  The  five  assays  reported  were  performed  over  a 
period  of  2 years;  five  different  lots  of  U.S.P.  reference  oil  and 
five  different  standard  solutions  of  0-carotene  were  used. 

It  was  found  on  analysis  of  the  results  that  in  every  case  the 
animals  receiving  0-carotene  made  greater  average  gains  over 
the  4-week  period  of  assay  than  did  their  litter  mates  receiving  a 
supposedly  somewhat  greater  amount  of  vitamin  A  from  the 
U.S.P.  reference  oil.  As  a  result  of  this  discrepancy,  the  vitamin 
A  value  of  the  four  samples  of  carrots  under  assay  in  this  study 
appeared  to  be  from  30  to  44%  less  when  0-carotene  was  used  as 
the  standard  than  when  U.S.P.  reference  oil  was  the  standard  on 
which  the  calculations  were  based  (see  Table  I). 
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Table  I.  Comparison  of  U.S.P.  Reference  Cod  Liver  Oil  No.  2  and  /3-Carotene  as  Standards  in  the 

Bioassay  of  Vitamin  A  Value 


Assay 


Carrots,  No.  1 
Carrots,  No.  2 
Carrots,  No.  3 
Carrots,  No.  4 
j3-Carotenec  vs. 
U.S.P.  refer¬ 
ence  oil  No.  2 


Av.  Weight  Gain 

per  Week  with 

No.  of 

Standard  Error  of  Animals  Receiving: 

Animals  in 

U.S.P.  reference 

Each  Assay 

cod  liver  oil, 

/3-carotene, 

Group* 

14  I.U.  per  week 

7.02-y  per  week6 

Grams 

Grams 

10 

12.8  ±  1.37 

15.8  ±  2.07 

15 

9.2  ±  1.77 

14.0  ±  1.48 

8 

11.0  ±  0.91 

14  6  ±  1.88 

15 

12.4  ±  2 ."04 

14.4  ±  2.02 

28 

10.0  ±  0.683 

13.3  ±0.655 

Vitamin  A  Value  of  Carrots 


On  basis  of 

U.S.P.  ref-  On  basis  of 
erence  oil  /3-carotene  Difference 


, - 1.  U./100  g. - N 

I.  U./100  g. 

% 

6,365 

4,180 

2,185 

34 

17,500 

9,750 

7,750 

44 

6,830 

4,775 

2,055 

30 

13,335 

9,360 

3,975 

30 

O  Sex-litter  mates  were  assigned  to  five  groups  which  received  U.S.P.  reference  cod  liver  oil,  /3-carotene,  supple¬ 
ments  of  carrots  at  two  levels,  and  no  supplement,  respectively. 

c  this  experiment,  receiving  reference  cod  liver  oil,  /3-carotene,  and 

no  supplement,  respectively. 


were  lower — i.e.,  the  E\7gm.  325 
m/a  values  were  0.772  and  0.785 
and  the  E\  c^'/m1'  620  my  values 
were  0.1117  and  0.1135,  respec¬ 
tively,  again  calculating  the  E 
per  I.TJ.  as  above.  This  clearly 
demonstrates  that  the  variability 
observed  in  the  vitamin  A  con¬ 
tent  of  the  samples  of  the  ref¬ 
erence  cod  liver  oil  No.  2  is  not 
entirely  due  to  destruction  of 
vitamin  A  following  the  opening 
of  the  bottle  in  the  laboratory. 
Three  of  the  samples  of  the  refer¬ 
ence  oils  used  in  the  bioassays  de¬ 
scribed  in  this  report  gave  E\ 

325  rii/a  values  of  0.728,  0.790, 
and  0.756,  respectively. 


In  order  to  verify  these  data,  14  male  and  14  female  sex-litter 
mate  pairs  of  animals  were  given  the  standard  doses  of  reference 
cod  liver  oil  and  /3-carotene  used  in  the  bioassays,  respectively, 
resulting  in  similar  findings.  The  rats  receiving  carotene  gained 
approximately  one  third  more  weight  during  the  assay  period 
than  did  those  receiving  the  U.S.P.  reference  cod  liver  oil  (Table  I) . 

Baxter  and  Robeson  (?)  reported  a  biological  potency  for  vita¬ 
min  A  /3-naphthoate  of  3,440,000  U.S.P.  XI  units  per  gram  and 
compared  it  with  a  value  of  2,225,000  international  units  per 
gram  as  found  by  Underhill  and  Coward  ( 6 )  for  the  same  vitamin 
A  ester.  This  is  a  difference  of  more  than  50%,  which  was  at¬ 
tributed  by  Baxter  and  Robeson  ( 1 )  to  a  lack  of  uniformity  in 
bioassay  procedures  among  different  laboratories.  However, 
the  discrepancy  could  well  have  been  due,  at  least  in  part,  to  the 
fact  that  U.S.P.  reference  oil  No.  2  was  used  as  a  standard  by 
Baxter  and  Robeson  ( 1 )  while  Underhill  and  Coward  employed 
the  international  standard  /3-carotene  in  their  bioassays. 

SPECTROPHOTOMETRIC  DATA 

The  unsuitability  of  the  U.S.P.  reference  cod  liver  oil  No.  2 
as  a  standard  in  spectrophotometric  and  colorimetric  work  is 
well  known  and  the  reasons  therefor  have  been  discussed  (#,  5), 
not  the  least  of  these  being  its  chemical  instability.  This  insta¬ 
bility  becomes  of  increased  importance  in  biological  assays, 
where  the  use  of  the  sample  for  a  single  assay  usually  extends 
over  a  period  of  at  least  1  month.  In  a  series  of  such  assays  one 
sample  of  the  oil  might  be  in  use  over  the  full  6-month  period, 
during  which  it  is  guaranteed  to  be  safe. 

Wiseman  and  Cary  (7)  of  the  Bureau  of  Dairy  Industry,  Agri¬ 
cultural  Research  Administration,  found  E\7°m  325  my  values 
for  the  nonsaponifiable  fraction  varying  from  0.764  to  0.88,  in  a 
series  of  U.S.P.  reference  oils  No.  2  picked  up  from  several  labora¬ 
tories  in  the  Washington  area  and  still  considered  as  usable  stand¬ 
ards  by  the  laboratories.  In  an  attempt  to  determine  the  sources 
of  these  variations,  they  analyzed  immediately  upon  delivery  twro 
bottles  of  the  U.S.P.  reference  oil  No.  2,  which  had  been  packed 
in  dry  ice  and  were  in  transit  less  than  24  hours.  The  absorption 
of  the  nonsaponifiable  fraction  at  both  325  my  and  620  him,  after 
treatment  with  antimony  trichloride  reagent,  was  measured  by 
means  of  a  photoelectric  spectrophotometer  using  a  Hilger  double 
monochromator.  The  values  for  E 325  m y  were  0.870  and 
0.873  and  the  values  for  E\  ^//mL  620  my  were  0.1242  and  0.1244, 
respectively,  using  the  rated  potency  of  the  oil  in  calculating  the 
E  per  I.U. 

After  aliquots  had  been  removed  for  analysis,  the  bottles  were 
resealed  under  nitrogen,  stored  at  reduced  temperatures,  and  re¬ 
analyzed  11  months  later.  At  this  time  the  E\7°m  325  my  value 
had  dropped  to  0.675  and  the  E\  620  m^  value  was  lowered 

proportionately  to  0.098.  About  a  year  after  the  first  samples  of 
reference  oil  had  been  received,  two  additional  bottles  were  ob¬ 
tained,  the  same  precautions  being  observed  in  shipping  and 
handling;  in  this  case  the  values  for  the  freshly  opened  samples 


DISCUSSION 

Oser,  Melnick,  and  Pader  (5)  state  that  “when  parallel  tests  on 
the  reference  oil  are  used  as  the  basis  for  arriving  at  factors  for 
converting  E  values  to  biological  unitage  in  unknown  oils,  serious 
compliqations  result”,  and  that  “errors  in  estimating  potency  in 
relation  to  the  U.S.P.  reference  oil  may  fall  within  the  limits  of 
error  of  the  bioassay  and  are  difficult  to  prove”. 

Hume  ( 3 )  has  questioned  the  assumption  that  the  international 
and  U.S.P.  vitamin  A  units  are  equivalent,  basing  this  conclusion 
upon  the  results  of  a  series  of  collaborative  tests  using  the  IT.S.P. 
reference  cod  liver  oil  No.  1 ;  an  exhaustive  statistical  analysis  of 
these  results  has  recently  appeared. 

In  the  case  of  vitamin  A  bioassays,  the  limits  of  error  are  rather 
wider  than  in  other  types  of  assay — for  instance,  as  reported  by 
Irwin  (4)  in’ his  statistical  examination  of  the  accuracy  of  vitamin 
A  assays,  the  limits  of  error  of  vitamin  A  value  (P  =  0.99)  ob¬ 
tained  from  testing  several  thousand  animals  lay  between  65  and 
154%.  It  is  when  attempting  more  precise  measurements,  such 
as  the  establishment  of  a  conversion  factor  for  spectrophotometric 
values,  that  the  inaccuracies  of  the  bioassay  become  troublesome 
and  for  this  reason  are  considered  significant. 

However,  even  from  a  practical  viewpoint,  a  systematic  error 
of  30  to  44%  invariably  in  the  same  direction — i.e.,  increasing  the 
apparent  vitamin  A  value — becomes  important,  especially  when 
one  considers  that  the  only  direct  way  at  present  of  arriving  at 
the  vitamin  A  values  of  food  is  by  bioassay.  Figures  of  this  kind 
are  in  widespread  use  as  the  basis  of  calculations  for  dietary  sur¬ 
veys.  To  the  rather  wide  range  of  error  inherent  in  the  vitamin  A 
bioassay  there  should  not  be  added  a  constant  error  of  this  mag¬ 
nitude  through  the  use  of  a  standard  as  unstable  as  the  U.S.P. 
reference  cod  liver  oil  No.  2.  At  present,  pure  /3-carotene  appears 
to  be  a  more  reliable  standard  for  use  in  vitamin  A  bioassay  than 
the  U.S.P.  reference  cod  liver  oil  No.  2  and  one  which  could 
easily  be  replaced  by  a  vitamin  A  standard,  when  a  satisfactory 
preparation  is  available. 
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Colorimetric  Determination  of  Nickel  with  Dimethylglyoxime 

A.  M.  MITCHELL  WITH  M.  G.  MELLON,  Purdue  University,  Lafayette,  Ind. 


A  spectrophotometric  study  was  made  of  the  colorimetric  method 
involving  formation  of  a  soluble  red  complex  by  treating  nickelic  ion 
in  ammoniacal  solution  with  dimethylglyoxime.  Beer's  law  applies 
for  concentrations  from  0.1  to  5  p.p.m.  of  nickel,  using  1 ,000-cm. 
absorption  cells.  The  aqueous  system  is  unstable,  but  sufficient 
ethanol  makes  the  color  stable  for  30  minutes.  Of  the  ions  soluble 
under  the  conditions  used,  only  auric,  cobaltous,  and  dichromate 
interfere  seriously.  Metals  which  precipitate  in  ammoniacal  solu¬ 
tion  are  removed  in  the  procedure,  unless  it  is  possible  to  prevent 
precipitation  through  some  suitable  reaction. 

IN  1924  Feigl  reported  ( 5 )  that  a  strong  red  hue  develops  when 
a  solution  containing  nickel  is  oxidized  with  lead  dioxide, 
basified  with  sodium  hydroxide,  and  allowed  to  react  with  a 
solution  of  dimethylglyoxime.  To  convert  the  nickel  to  the 
necessary  quadrivalent  state  Rollet  {12)  recommended  bromine 
water  as  a  more  convenient  oxidant  in  applying  the  reaction 
quantitatively.  With  this  reagent  the  color  develops  rapidly 
without  heating.  Although  Fairhall  questioned  the  general 
soundness  of  the  method  {4),  its  use  has  been  expanding  ( 2 ). 
Examples  of  commercial  applications  are  the  determination  of 
nickel  in  aluminum  alloys  ( 6 ),  copper-base  alloys  {6, 14,  16),  iron 
ore  ( 1 ),  silicate  rocks  {IS),  and  steel  (8,  6-10, 15).  Extraction  of 
the  colored  complex  with  ether  has  been  suggested  {11). 

In  view  of  the  apparent  industrial  importance  of  this  method, 
it  seemed  worth  while  to  make  a  spectrophotometric  study  of 
the  colored  system  before  beginning  closely  related  work.  This 
paper  is  a  summary  of  the  general  results  obtained. 

APPARATUS  AND  SOLUTIONS 

Transmittancy  measurements  were  made  in  1.000-cm.  cells 
with  a  General  Electric  spectrophotometer  adjusted  for  a  spec¬ 
tral  band  width  of  10  m /i. 

A  stock  solution  of  nickel  sulfate,  NiS04.6H20,  was  prepared 
by  suitable  dilution  of  a  gravimetrically  analyzed  solution.  In 
the  study  of  the  effect  of  diverse  ions,  nitrate,  chloride,  or  sul¬ 


fate  salts  were  used  for  cations,  and  alkali  metal  salts  for  anions. 
The  color-forming  reagent,  dimethylglyoxime,  was  0.1%  ethanolic 
solution.  The  bromine  water  was  a  saturated  solution.  The 
concentrated  ammonia  water  was  reagent  quality,  and  the  eth¬ 
anol  was  95%  material. 

THE  COLOR  REACTION 

The  procedure  for  the  colorimetric  determination  of  nickel 
differs  from  the  gravimetric  method  chiefly  in  the  oxidation  to  a 
higher  valence  state  by  bromine  water  before  addition  of  di¬ 
methylglyoxime.  In  this  state  the  compound  formed  is  a  red, 
soluble  complex  which,  according  to  Feigl  (5),  has  the  structure 
[H0N=C(CH3)C(CH3)=N0]2Ni==0. 

Effect  of  Reagent  Concentration.  An  excess  of  bromine 
water,  recognized  by  the  yellow  color  of  the  solution,  is  necessary 
to  ensure  complete  oxidation  of  the  nickel,  and  therefore  com¬ 
plete  color  development.  The  bromine  water  is  added  first. 

Next  comes  the  concentrated  ammonia  water,  its  function 
being  to  eliminate  excess  bromine  and  to  adjust  the  pH  value. 
The  reagent  is  added  dropwise  until  the  yellow  color  from  excess 
bromine  disappears.  Then  5  ml.  more  are  added,  although 
the  color  is  unaffected  by  using  any  volume  between  1  and  5  ml. 
in  a  total  volume  of  50  ml.  At  pH  values  lower  than  those  thus 
achieved,  the  color  intensity  is  less  as  one  goes  toward  neutrality. 

Approximately  1  ml.  of  0.1%  solution  of  dimethylglyoxime 
is  required  to  produce  maximum  color  with  1  p.p.m.  of  nickel. 
Excess  reagent,  at  least  up  to  20  ml.,  has  no  further  effect. 

Effect  of  Solvent.  The  intensity,  stability,  and  wave 
length  of  the  transmittancy  minima  of  the  colored  system  depend 
upon  the  solvent  present. 

Water.  The  solutions  whose  transmittancy  curves  are  shown 
in  Figure  1  (2  p.p.m.  of  nickel)  contained  only  the  ethanol  intro¬ 
duced  in  10  ml.  of  the  color-forming  reagent.  The  color  did  not 
reach  maximum  intensity  within  an  hour  in  the  region  of  the 
543  m n  transmittancy  minimum.  Presumably  this  indicates  a 
slow  shift  of  some  equilibrium  reaction.  It  may  be  noted  that  the 
color  has  begun  to  fade  at  445  m/i  before  reaching  maximum  in¬ 
tensity  at  543  m/i.  This  aqueous  solution  was  too  unstable  to  be 
satisfactory  for  analytical  determinations.  Incidentally,  there 
are  two  isobestic  points  in  this  series  of  time-study  curves,  one  at 
455  m/i  and  one  at  416  m/i. 
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Ethanol.  Difficulties  with  the  aqueous  system  were  avoided 
by  increasing  the  concentration  of  ethanol.  Both  the  intensity 
and  the  stability  of  the  color  were  found  to  be  dependent  upon 
the  concentration  of  this  solvent.  A  total  of  27.5  ml.  of  ethanol 
is  the  optimum  volume  for  dilution  to  50  ml.  On  using  10  ml.  of 
dimethylglyoxime  reagent  and  17.5  ml.  ( ±2.5  ml.)  of  ethanol,  the 
colored  system  showed  the  first  significant  fading  after  30  minutes 
(see  Figure  2).  The  solutions  for  these  curves  were  identical  in 
composition  with  those  used  for  Figure  1,  except  in  the  concen¬ 
tration  of  ethanol.  If  less  than  17.5  ml.  of  ethanol  is  used,  the 
color  shows  characteristics  approaching  those  of  the  aqueous 
system.  Higher  concentrations  of  ethanol  increase  the  rate  of 
fading. 

The  range  of  the  method,  using  the  ethanol-stabilized  system, 
is  0.1  to  5  p.p.m.  with  a  1.000-cm.  absorption  cell  (see  Figure  3). 
This  system  conforms  to  Beer’s  law  within  these  concentrations, 
as  determined  by  measurements  at  445  and  543vm^i. 

Effect  of  Diverse  Ions.  In  studying  the  effect  of  diverse 
ions  the  standard  nickel  solution  was  measured  with  a  2-ml. 
pipet  into  a  50-ml.  volumetric  flask.  To  this  were  added  3  ml. 
of  the  solution  containing  the  diverse  ion  and  the  solution  was 
mixed.  After  adding  an  excess  of  1  ml.  of  bromine  water,  con¬ 
centrated  ammonia  water  was  added  dropwise  to  remove  the 
yellow  color  and  then  5  ml.  in  excess.  Following  the  successive 
addition  of  10  ml.  of  dimethylglyoxime  solution  and  17.5  ml.  of 
ethanol,  the  solution  was  diluted  to  volume  with  distilled  water. 

In  general,  the  effect  of  600  p.p.m.  of  diverse  ion  was  deter¬ 
mined.  If  interference  was  noted,  successively  smaller  amounts 
were  used  until  the  change  in  transmittancy  at  445  m/x  amounted 
to  no  more  than  2  %  of  the  nickel,  an  error  considered  permissible 
in  such  colorimetric  measurements.  If  600  p.p.m.  of  the  ion  did 
not  interfere,  it  was  assumed  that  the  ion  would  not  cause  diffi¬ 
culty.  Table  I  summarizes  important  interferences. 


Of  the  diverse  ions  studied,  the  following  did  not  interfere  in 
concentrations  300  times  that  of  the  nickel:  acetate,  arsenate, 
arsenite,  benzoate,  borate,  bromide,  carbonate,  chloride,  citrate, 
cyanide,  fluoride,  formate,  iodate,  lactate,  molybdate,  nitrate, 
nitrite,  oxalate,  perchlorate,  periodate,  orthophosphate,  pyro¬ 
phosphate,  sulfate,  sulfite,  tartrate,  tungstate,  lithium,  potassium, 
and  sodium. 


Table  1.  1 

Effect  of  Diverse  Ions 

Amount 

Ion 

Added  as 

Amount 

Error 

Permissible 

P.p.m. 

% 

P.p.m. 

ClOa- 

kcio3 

600 

2 

600 

Cr207-- 

K2O207 

10 

4 

5 

SeOa-" 

Na2SeC>4 

200 

2.5 

100 

NCS- 

KNCS 

400 

1 

400 

Au  +  +  + 

AuCla 

25 

2.5 

20 

Cd  +  + 

Cd(N03)2 

600 

0.5 

600 

Ca  +  + 

CaC'NOah 

100 

1 

100 

Co  +  + 

CofNOah 

5 

1 

10 

Zn  +  + 

Zn(NOa)2 

600 

0.5 

600 

The  following  ions  precipitate  and  must  be  removed  unless 
their  interference  can  be  prevented  by  complexation  or  other 
applicable  reaction:  chlorostannous,  chlorostannic,  iodide,  per¬ 
manganate,  silicate,  thiosulfate,  vanadate,  aluminum,  antimony, 
barium,  beryllium,  bismuth,  cerium,  chromium,  copper,  ferrous, 
ferric,  lead,  magnesium,  manganese,  mercuric,  mercurous, 
platinum,  silver,  strontium,  thorium,  titanium,  uranyl,  and  zir¬ 
conium. 

Auric,  cobaltous,  and  dichromate  ions  interfere  because  of 
their  color.  Figure  4  illustrates  the  nature  of  the  effect.  Cer¬ 
tain  colorless  ions  interfere  when  present  in  large  amounts.  Ex¬ 
amples  are  the  anions  chlorate,  selenate,  and  thiocyanate,  and 
the  cations  cadmium,  calcium,  and  zinc. 

From  this  study  of  the  interference  of  ions,  it  is  evident  that 
the  analysis  of  various  materials,  such  as  alloys,  is  likely  to  involve 
a  separation  of  certain  cations  before  developing  the  color  of  the 
nickel  complex.  In  a  specific  case  it  may  be  possible  to  eliminate 
interference  by  complexation.  Thus,  tartaric  acid  functions  in 
this  manner  for  iron  in  steel  analysis  ( 9 ). 

RECOMMENDED  PROCEDURE 

Treatment  of  Sample.  Weigh  or  measure  by  volume  a  quan¬ 
tity  of  sample  containing  0.5  mg.  of  nickel  or  less.  The  proper 
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treatment  of  materials  depends,  of  course,  on  the  nature  of  the 
sample.  When  in  solution,  make  the  system  just  acidic  by 
means  of  hydrochloric  acid  and/or  ammonia  water. 

Separation  and  Measurement.  After  bringing  the  solution 
to  a  faint  yellow  with  bromine  water,  add  2  ml.  in  excess,  then 
10  ml.  of  concentrated  ammonia  water.  If  a  precipitate  forms, 
stir  well  and  filter,  receiving  the  filtrate  in  a  100-ml.  volumetric 
flask.  If  no  precipitation  occurs,  omit  the  remainder  of  the  sepa¬ 
ration  procedure.  Redissolve  any  precipitate  in  a  minimum 
amount  of  hydrochloric  acid  (1  to  1):  Reprecipitate  by  adding  1 
ml.  of  bromine  water  and  4  ml.  of  concentrated  ammonia  water. 
Filter,  wash,  and  add  the  second  filtrate  to  the  first.  To  the 
combined  filtrates  add  35  ml.  of  95%  ethanol  and  20  ml.  of  0.1% 
ethanolic  dimethylglyoxime  reagent.  Dilute  to  volume,  mix  well, 
and  measure  by  suitable  means.  A  filter  such  as  Corning  No. 
440  Signal  green  is  recommended  for  filter  photometers. 
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Determination  of  Moisture  in  Naval  Stores  Products 

By  the  Karl  Fischer  Method 

VICTOR  E.  GROTLISCH  and  HAROLD  N.  BURSTEIN 

Naval  Stores  Section,  Cotton  and  Fiber  Branch,  Office  of  Marketing  Services,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 


DISSOLVED  moisture  in  terpene  solvents  such  as  turpentine, 
pinene,  dipentene,  and  pine  oil  affects  their  suitability  for 
certain  purposes.  For  example,  turpentine  for  packaging  and 
distribution  in  metal  cans,  pinene  for  use  as  a  chemical  raw  mate¬ 
rial  (synthetic  camphor),  and  pine  oil  for  textile  preparations  and 
insecticides  must  carry  only  a  relatively  small  quantity  of  dis¬ 
solved  or  occluded  moisture.  Cloud  point  determinations  for 
moisture  are  not  applicable  to  these  products,  owing  to  possible 
separation  of  crystalline  compounds  (terpene  alcohols,  resin 
acids),  and  also  to  the  very  low  temperatures  that  would  have 
to  be  employed  to  freeze  out  the  minute  quantities  of  water 
present.  Moisture  in  pine  oils  has  heretofore  been  determined 
by  refluxing  the  oil  with  a  miscible  solvent  having  a  very  low 
solubility  for  water,  such  as  toluene,  and  collecting  the  water 
which  separates  from  the  distillate  in  a  calibrated  trap.  With 
turpentine  and  the  other  terpene  solvents,  the  normal  percentage 
of  water  is  too  small  to  be  determined  in  that  way. 

To  determine  such  small  quantities  of  moisture,  it  appeared 
that  a  very  sensitive  method  would  be  required,  such  as  the  Karl 
Fischer  method  (5),  preferably  as  modified  by  Smith,  Bryant, 
and  Mitchell  (7).  This  has  recently  been  adopted  by  the 
American  Society  for  Testing  Materials  ( 2 )  as  a  tentative  standard 
method  for  determining  moisture  in  lacquer  solvents  and  diluents. 
A  number  of  papers  on  various  applications  of  this  method  have 
appeared  in  the  Analytical  Edition  over  a  period  of  years. 
Almy,  Griffin,  and  Wilcox  (1)  discussed  its  use  for  determining 
water  in  glues  and  sirups.  Wernimont  and  Hopkinson  ( 8 )  and 
McKinney  and  Hall  ( 6 )  described  electrometric  devices  for  de¬ 
termining  when  the  end  point  of  the  reaction  has  been  reached. 
No  great  difficulty  has  been  experienced  in  the  application  of  the 
method  to  determining  moisture  in  naval  stores  products  such 
as  those  previously  enumerated,  without  such  equipment,  but 
it  was  found  that  certain  variations  or  adaptations  of  the  Smith, 
Bryant,  and  Mitchell  procedure  were  necessary  and  advantageous 
for  this  type  of  analysis. 

The  Karl  Fischer  reagent  can  be  purchased  ready-made  from 
at  least  one  laboratory  supply  house.  The  experiments  de¬ 


scribed  herein  were  performed  using  a  reagent  prepared  and 
standardized  according  to  the  procedure  of  Smith,  Bryant,  and 
Mitchell,  except  that  gaseous  sulfur  dioxide  was  used. 


MOISTURE  IN  PINE  OIL 

The  determination  of  moisture  in  pine  oil  by  this  method 
proved  to  be  rapid  and  rather  simple,  with  results  which  were 
in  very  good  agreement  with  those  obtained  by  the  method  usu¬ 
ally  used  (A.S.T.M.  Method  D-95  for  water  in  petroleum  prod¬ 
ucts,  8).  No  additional  solvent  was  required,  and  excellent 
checks  were  obtained  on  relatively  small  samples  requiring  a 
minimum  of  reagent.  Since  the  end  point  with  a  small  sample 
was  sharp,  no  advantage  could  be  found  in  using  a  larger  sample 
of  oil  requiring  from  40  to  50  ml.  of  reagent.  The  results  ob¬ 
tained  on  a  variety  of  pine  oils  and  pine  oil  constituents  are 
given  in  Table  I,  along  with  the  results  for  moisture  content  as 
determined  by  the  distillation  method. 

Procedure  for  Pine  Oil  (the  reversal  in  the  usual  order  of 
titration  was  found  to  give  a  closer  detection  of  the  end  point). 
Accurately  pipet  10  ml.  of  the  Fischer  reagent  into  a  50-ml. 
Erlenmeyer  flask,  stopper,  and  weigh.  Immediately  run  in  the 
pine  oil  from  a  10-ml.  microburet,  with  shaking,  until  the  red- 
brown  iodine  color  just  disappears.  At  the  end  point,  the  change 
from  red-brown  to  the  orange-yellow  color  of  the  spent  solution 
is  sharp.  The  weight  of  the  added  pine  oil  is  obtained  by  weigh¬ 
ing  the  flask,. or  calculating  from  the  specific  gravity  or  density. 
Duplicate  titrations  should  check  to  within  0.2  ml. 

Calculate  the  moisture  content  as  follows: 


Per  cent  water 


T  X  A 

-  X  100,  or 

g 


T  X  A 
VXD 


where 

T  =  titer  or  moisture  value  of  1  ml.  of  reagent 
A  =  ml.  of  reagent  used 
g  =  weight  of  sample 
D  =  density  (or  specific  gravity)  of  sample 


The  above  proportions  hold  for  ordinary  pine  oil,  of  up  to  0.5% 
moisture  content.  For  larger  moisture  content,  20  ml.  of  reagent 
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Table  I.  Moisture  Content  of  Pine  Oils  and  Terpene  Solvents 

Moisture  Content 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

I  10. 
11. 

12. 

13. 


14. 


15. 

16. 

17. 

18. 

19. 

20. 
21. 

22. 

23. 

24. 

25. 

26. 


Sample 


Authors’ 

A.S.T.M.  procedure, 
test  Fischer 

D-95  reagent 

%  % 


Steam-distilled  amber  pine  oil 
Steam-distilled  water-white  pine  oil 
Synthetic  pine  oil,  A 
Synthetic  pine  oil,  B 
Destructively  distilled  pine  oil 
Destructively  distilled  pine  oil 
Commercial  terpineol 
Fenchyl  alcohol 
Redistilled  pine  oil 
Redistilled  terpineol 

Gum  spirits  of  turpentine,  fresh,  from  drum  at 
paint  store 

Gum  spirits  of  turpentine,  fresh,  from  southern 

Gum  spirits  of  turpentine  from  original  can 
packed  in  South 

Gum  spirits  of  turpentine,  old,  from  partly  filled 

can  .  ,  ,  , 

Gum  spirits  of  turpentine,  very  old,  no  longer 

meet  specifications 

Steam-distilled  wood  turpentine  from  drum  at 
paint  store  .  ,  , 

Steam-distilled  wood  turpentine  from  can  filled 
at  plant,  old 

Steam-distilled  wood  turpentine,  fresh,  from 
drum  at  paint  store 

Sulfate  wood  turpentine,  glass  bottle  packed  at 
plant 

Sulfate  wood  turpentine,  old,  from  partly  filled  can 
Destructively  distilled  wood  turpentine,  sample 
as  received  from  manufacturer 
Pinane,  from  Hercules  Powder  Co. 

Para-thinner,  from  Hercules  Powder  Co. 
a-Pinene,  from  steam-distilled  turpentine,  from 
drum  sampled  at  plant 

/S-Pinene,  from  gum  turpentine,  old,  laboratory 
sample 

Dipen tene,  old 


0.45 
0.35 
1.08 
0.51 
0.44 
1.04 
0  43 

o’ 00 
0.00 


0.46, 0.46 
0.34,  0.34 
0.87,  0.87 
0.50,  0.52 
0.42,  0.41 
0.86,  0.85 
0  42,  0.44 
0  78,  0.80 
0.13 
0.075 

0.012,0.015 
0.020,0  021 
0.032 
0.074 
0 . 380“ 
0.022,0.026 
0.110 

0.017,0.018 

0.042,0.049 

0.28 

0.064 
0.031 
0  078 

0.081 

0.13 

0.25 


«  Decomposed  reagent  at  first.  Test  satisfactory  on  cooling  to  5°  C. 


are  recommended.  For  anhydrous  pine  oil,  on  the  other  hand, 
much  less  than  10  ml.  of  reagent  would  be  required,  so  it  is  pref¬ 
erable  to  pipet  10  ml.  of  the  sample,  weigh,  and  titrate  with  the 
reagent  to  a  red-brown  end  point. 

Only  two  samples  gave  results  not  in  agreement  with  the  re¬ 
flux  distillation  method.  In  the  case  of  sample  3,  a  synthetic 
pine  oil,  there  is  evidence  of  the  presence  of  polyhydroxy  alcohols 
which  are  easily  decomposed  to  form  water  as  one  of  the  end 
products  on  heating.  Sample  6  was  a  very  old  (at  least  15  years) 
bottled  sample  on  which  no  previous  data  were  available.  Here 
again,  it  is  possible  that  the  presence  of  low-boiling  constituents 
miscible  with  water,  such  as  wood  naphtha,  or  which  decom¬ 
posed  on  heating  to  form  water,  gave  a  high  water  recovery  by 
the  ordinary  method  of  determining  water  in  pine  oil. 

Samples  9  and  10  are  included  to  simulate  or  represent  com¬ 
mercially  anhydrous  pine  oils  of  very  low  moisture  content. 
They  were  prepared  by  redistilling  commercial  samples  of  regular 
pine  oil  and  of  terpineol,  with  recovery  of  the  material  after  the 
initial  moisture-containing  portion  had  been  rejected.  The 
greater  sensitivity  of  the  Karl  Fischer  method  over  the  ordinary 
distillation  method  for  such  anhydrous  pine  oils  is  brought  out 
by  the  results  shown. 

TERPENE  HYDROCARBON  SOLVENTS 


action  is  absorbed  by  the  bottom  layer,  which  gradually  takes  on 
the  orange-yellow  color  of  the  spent  reagent.  The  end  point  is 
best  observed  while  the  contents  of  the  flask  are  being  vigorously 
whirled,  the  change  from  the  orange-yellow  to  the  red-brown 
being  easily  discernible.  When  the  layers  settle  and  separate, 
the  bottom  layer  will  be  red-brown,  the  upper  layer  light  yellow 
or  almost  colorless. 

Procedure  for  Terpene  Solvents.  It  is  advisable  to  set  up 
three  burets,  two  of  50-ml.  capacity  for  dry  pyridine  and  Fischer 
reagent,  respectively,  and  one  10-ml.  microburet  for  additional 

Fischer  reagent.  ,  _  ,  „  .  , 

Run  20  ml.  of  dry  pyridine  into  a  250-rnl.-  Erlenmeyer  flask  and 
titrate  with  the  reagent  from  the  larger  buret  to  a  red-brown.  If 
the  pvridine  has  not  been  sufficiently  dried,  30  ml.  or  more  of 
reagent  may  be  required.  Then  add  pyridine  dropwise  until 
the  red-brown  color  is  just  discharged.  Stopper  and  weigh  the 
flask 

Pipet  in  100  ml.  of  the  turpentine  or  terpene  solvent  under  test, 
stopper,  and  weigh  again.  If  the  turpentine  is  highly  oxidized, 
a  reaction  may  take  place  with  the  spent  reagent  present,  indi¬ 
cated  by  evolution  of  heat  and  decomposition  of  the  spent  reagent, 
with  liberation  of  free  iodine.  In  such  case,  start  over,  and  place 
the  flask  with  the  pyridine  in  an  ice  bath,  adding  the  turpentine 
slowly  with  gentle  mixing. 

Add  the  reagent  from  the  microburet  with  vigorous  shaking  ot 
the  flask.  Stop  occasionally  and  allow  the  layers  to  separate,  so 
the  color  of  the  bottom  layer  can  be  observed.  The  change  from 
the  orange-yellow  to  the  red-brown  color  at  the  end  point  may 
require  a  slight  excess  of  reagent,  but  this  will  not  affect  the  re¬ 
sults  greatly.  Most  turpentines  will  require  6  to  10  ml.  of  re¬ 
agent.  The  average  of  two  titrations  agreeing  within  0.5  ml.  can 
be  .taken.  Calculate  the  percentage  of  moisture  as  with  pine  oil. 

The  results  obtained  on  a  number  of  samples  of  turpentine  and 
related  terpene  solvents,  shown  in  Table  I,  cover  a  rather  wide 
range  of  condition  of  sample  and  moisture  content.  No  com¬ 
parable  results  by  any  other  method  are  available,  since  no  other 
suitable  method  has  been  developed.  The  Zerewitinoff  method 
( g )  could  not  be  used,  as  it  measures  alcohols  as  well  as  water,  and 
Chadwick  and  Palkin  (4)  showed  that  small  quantities  of  alcohols 
were  present  in  turpentine.  The  results  appear  to  be  of  logical 
magnitude  and  in  correlation  with  the  source,  identity,  appear¬ 
ance,  and  age  of  the  various  samples.  Possible  sources  of  error 
either  through  addition  of  iodine  to  the  double  bond  of  pinene, 
or  through  liberation  of  free  iodine  by  terpene  peroxides  were  con¬ 
sidered.  Such  reactions  generally  take  place  rather  slowly,  and 
would  occur  after  the  main  reaction  of  the  reagent  with  the  water. 
Free  iodine  present  at  the  end  point  of  the  reaction  is  absorbed 
by  the  terpene  solvents  only  after  the  reaction  mixture  has 
stood  for  about  30  minutes,  as  an  end  point  will  endure  for  ap¬ 
proximately  this  length  of  time.  These  observations  were  also 
substantiated  by  the  findings  of  McKinney  and  Hall,  who 
showed  that  only  a  negligible  quantity  of  iodine  is  absorbed  by 
pinene  or  pine  oil,  under  the  conditions  of  the  test. 

In ‘order  to  test  as  completely  as  possible  the  accuracy  of  this 
procedure,  check  analyses  were  made  on  samples  of  gum  turpen¬ 
tine,  dried  by  refluxing  over  calcium  oxide  and  redistilled. 
Known  quantities  of  water  were  introduced  by  adding  measured 
volumes  of  the  standard  moisture  solution,  the  amounts  of  water 
added  being  comparable  with  the  quantities  actually  found  in 
authentic  samples.  Results:  calculated  for  water,  from  weight 
of  water  added:  0.020,  0.034,  0.062,  and  0.089%;  found:  0.020, 
0.034,  0.062,  and  0.090%. 


Turpentine,  pinene,  and  related  terpene  hydrocarbons  did  not 
lend  themselves  to  direct  titration  with  the  Fischer  reagent,  be¬ 
cause  of  the  formation  of  a  precipitate  which  prevented  any  obser¬ 
vation  of  the  end  point.  It  was  possible  to  overcome  this  difficulty 
by  the  use  of  excess  pyridine  which  apparently  prevents  the  for- 
:  mation  of  or  dissolves  the  insoluble  compound.  As  turpentine 
and  methanol  are  not  miscible  in  all  proportions,  the  reaction 
mixture  forms  two  layers,  the  upper  one  consisting  of  the  tur¬ 
pentine  with  some  methanol  and  pyridine  in  solution,  the  lower 
one  probably  a  saturated  solution  of  the  pyridine  salts  in  meth¬ 
anol.  Most  of  the  color  developed  during  the  course  of  the  re- 
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Estimation  of  Riboflavin,  Thiamine,  and 
N  -Methylnicotinamide 

Rapid  Field  Methods 

ROBERT  E.  JOHNSON,  FREDERICK  SARGENT,  PAUL  F.  ROBINSON,  and  FRANK  C.  CONSOLAZIO 

Harvard  Fatigue  Laboratory,  Soldiers  Field,  Boston,  Mass. 


Rapid  field  methods  for  estimating  riboflavin,  thiamine,  and  N1- 
methylnicotinamide  in  small  volumes  of  urine  are  described.  They 
employ  simple,  rugged  apparatus  and  visual  fluorometry,  and  can  be 
used  under  primitive  field  conditions. 

THE  stimulus  of  repeated  surveys  has  led  to  the  development 
of  a  field  nutrition  laboratory  for  use  even  under  primitive 
conditions  (4).  The  primary  requirements  for  field  chemical 
methods  are  that  they  should  demand  small  samples,  should 
require  the  transportation  of  the  least  possible  bulk  of  reagents, 
should  allow  ease  and  rapidity  of  manipulation,  and  should  em¬ 
ploy  simple  apparatus  that  is  rugged  and  light  in  weight.  The 
methods  described  below  satisfy  these  requirements  and  in  addi¬ 
tion  have  two  features  not  common  to  orthodox  fluorometric 
methods.  (1)  Visual  fluorometers  allow  readings  to  be  made  with 
as  little  as  0.5  ml.  of  solution,  and  in  contrast  to  the  usual  types 
of  delicate  photoelectric  fluorometers  are  rugged  and  do  not 
demand  stable  sources  of  power.  (2)  All  reactions  are  carried 
out  in  a  single  glass  vessel  to  avoid  the  necessity  of  transferring, 
filtering,  fractionating,  or  centrifuging  and  to  make  the  methods 
faster  than  the  usual  chemical  estimations  of  riboflavin,  thiamine, 
and  Ari-methylnicot inamide. 

RIBOFLAVIN 

Principle.  The  riboflavin  in  urine  is  extracted  into  isobutyl 
alcohol  after  preliminary  treatment  with  potassium  perman¬ 
ganate  followed  by  hydrogen  peroxide  in  the  presence  of  pyridine 
and  acetic  acid  ( 5 ). 

Apparatus.  A  source  of  ultraviolet  light  consists  of  a  General 
Electric  Type  H-4  mercury  vapor  bulb  enclosed  in  a  box  with 
louvers  for  air  cooling  and  a  Wood  filter  for  absorbing  visible  light. 
A  General  Electric  autotransformer  Type  59G18  is  placed  in 
series  between  the  bulb  and  any  suitable  source  of  110-volt 
alternating  current.  In  the  field  simple  motor  generators  with¬ 
out  fine  stabilization  can  be  used. 

Fluorometric  comparator  consisting  of  a  thin  wooden  rack 
containing  10  Corning  glass-stoppered  thin-walled  2-ml.  test 
tubes,  outside  diameter  10  mm.  and  length  75  mm.  Holes  are 
bored  so  that  these  tubes  which  contain  standard  solutions  are 
flanked  by  empty  holes  to  hold  10  X  75  mm.  thin-walled  test 
tubes  containing  the  unknown  solution.  The  rack  is  constructed 
to  slide  conveniently  in  a  direction  perpendicular  to  the  ultraviolet 
ray  and  8  cm.  from  the  Wood  filter.  On  the  side  of  the  rack 
nearest  the  eye  a  suitable  yellow  filter  is  fixed.  It  should  have 
maximal  transmission  at  560  m/u. 

A  suitable  darkened  room  for  reading  unknown  solutions. 
This  need  not  be  completely  light-tight. 

Glass-stoppered  test  tubes  of  10-ml.  capacity  are  conveniently 
made  from  standard  10-ml.  glass-stoppered  footed  mixing  cylin¬ 
ders  by  removing  the  foot  with  a  sharp  tap  of  a  tack  hammer  and 
rounding  the  bottom  in  the  blast  lamp. 

Suitable  beakers,  delivery  pipets,  and  other  usual  appurte¬ 
nances,  including  a  large  number  of  10  X  75  mm.  thin-walled 
test  tubes.  One  special  pipet  that  is  of  great  assistance  is  an 
automatic  syringe  pipet  calibrated  to  deliver  1.5  ml. 

Reagents.  Oxalic  acid,  dry,  powdered.  A  mixture  of  1 
part  pyridine  and  1  part  glacial  acetic  acid.  Aqueous  4%  po¬ 
tassium  permanganate.  Aqueous  3%  hydrogen  peroxide. 

Isobutyl  alcohol  of  low  blank.  n-Butyl  alcohol  is  equally  sat¬ 
isfactory.  Each  fresh  batch  of  alcohol  should  be  examined  before 
use  before  the  ultraviolet  light  and  redistilled  if  there  is  percep¬ 
tible  fluorescence. 

Anhydrous  sodium  sulfate. 


Procedure.  Freshly  voided  urine  collected  in  glass  vessels 
or  unwaxed  paper  cups  of  low  blank  is  stored  in  amber  glass 
bottles  with  the  addition  of  about  100  mg.  of  oxalic  acid  for  every 
25  ml.  of  urine.  Ponting  ( 8 )  has  emphasized  the  suitability  of 
oxalic  acid  for  stabilizing  ascorbic  acid,  and  in  addition  riboflavin, 
thiamine,  and  IW-methylnicotinamide  are  maximally  stable  at  the 
acidity  obtained  by  the  above  step. 

All  manipulations  should  be  carried  out  in  diffuse  light.  In 
the  experience  of  this  laboratory  only  direct  sunlight  destroys 
riboflavin  rapidly  enough  to  make  extreme  precautions  necessary 
against  light. 

One-half  milliliter  of  urine  is  delivered  into  a  10-ml.  glass- 
stoppered  test  tube,  and  0.5  ml.  of  the  pyridine-glacial  acetic 
acid  mixture  is  added.  One  drop  of  potassium  permanganate  is 
added  and  mixing  is  effected  by  gentle  shaking  of  the  rack.  The 
time  of  standing  may  be  anywhere  from  0.5  to  5  minutes  at  this 
stage  without  affecting  the  results.  Two  drops  of  hydrogen  per¬ 
oxide  are  added  and  mixed  by  gentle  shaking  of  the  rack.  The 
permanganate  should  be  destroyed  within  a  few  seconds.  If  it 
is  not,  another  drop  of  hydrogen  peroxide  may  be  necessary.  In 
temperatures  near  freezing  the  tube  may  be  gently  warmed  in  a 
water  bath  at  70°  F. 

Isobutyl  alcohol  (1.5  ml.)  is  added  by  means  of  either  an  or¬ 
dinary  pipet  or  preferably  an  automatic  syringe  pipet,  which 
avoids  getting  unpleasant  vapors  in  the  mouth.  The  glass 
stopper  is  inserted  and  the  tube  is  shaken  vigorously  by  hand  with 
an  up  and  down  motion  25  times.  The  distribution  coefficient  of 
riboflavin  between  the  aqueous  phase  and  the  alcohol-pyridine- 
acetic  acid  phase  is  such  that  more  shaking  is  unnecessary.  The 
test  tube  is  allowed  to  stand  in  the  rack  until  the  aqueous  phase 
is  nearly  separated.  This  usually  takes  from  1  to  5  minutes,  be¬ 
ing  faster  the  higher  the  temperature.  The  glass  stopper  is  re¬ 
moved,  a  small  wide-mouthed  funnel  is  placed  in  the  neck  of  the 
tube,  and  a  small  spatula  of  sodium  sulfate  is  added  to  the  tube. 
A  gentle  rotary  motion  imparted  to  the  tube  assists  clearing  of  the 
alcohol  layer.  The  tube  is  allowed  to  stand  in  the  rack  until  it 
is  water-clear,  which  usually  takes  1  to  2  minutes;  a  few  turns 
on  a  hand  centrifuge  will  materially  hasten  this  step. 

Approximately  1  ml.  of  the  alcohol  layer  is  transferred  to  a 
standard  thin-walled  Pyrex  test  tube  of  dimensions  10  X  75  mm. 
This  is  best  achieved  with  a  small  syringe  fitted  with  a  lumbar 
puncture  needle,  but  any  pipet  can  be  used.  Two  precautions 
are  necessary:  The  needle  must  be  washed  immediately  after  the 
completion  of  a  run  to  avoid  corrosion  of  the  needle  after  pro¬ 
longed  action  of  pyridine  and  acetic  acid.  The  pipet  or  syringe 
need  be  rinsed  with  isobutyl  alcohol  between  deliveries  only  when 
one  expects  wide  variations  in  vitamin  concentrations  between 
samples.  Reading  is  conducted  before  the  ultraviolet  lamp. 
The  alcohol  solutions  remain  stable  for  at  least  2  hours  even  at 
high  temperatures.  There  is  invariably  a  silvery  blue  fluores¬ 
cence,  which  is  absorbed  by  a  suitable  yellow  filter,  and  is  not 
destroyed  by  ultraviolet  light.  After  the  initial  reading  if  one 
wishes  to  obtain  true  riboflavin  it  is  necessary  to  expose  the 
solution  to  strong  ultraviolet  light  for  a,n  hour  or  more.  If  this 
step  is  omitted  satisfactory  comparative  results  are  still  obtained, 
since  it  has  been  found  in  90  random  specimens  of  urine  from  90 
different  subjects  that  the  amount  of  fluorescence  not  destroyed 
by  ultraviolet  light  is  remarkably  constant,  and  amounts  to  about 
one  half  of  the  initial  reading.  In  specimens  collected  after 
loading  tests,  the  concentration  of  riboflavin  is  usually  so  high 
that  the  ultraviolet  stable  fluorescence  amounts  at  the  most  to 
one  fifth  of  the  initial  reading. 

Standard  Solutions.  Standards  are  prepared  by  running 
appropriate  dilutions  of  riboflavin  with  the  reagents  and  tech¬ 
nique  described  above.  Solutions  are  conveniently  prepared  from 
vitamin  tablets  supplied  by  reputable  drug  houses,  provided  each 
batch  is  assayed  before  use.  A  convenient  range  of  riboflavin 
standards  consists  of  samples  equivalent  to  0,  25,  50,  75,  100,  125, 
150,  200,  250,  and  300  micrograms  per  100  ml.  of  original  solu¬ 
tions.  These  must  be  checked  daily  or  oftener  with  a  fresh 
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standard,  and  renewed  when  the  exposure  to  ultraviolet  light  has 
significantly  changed  them. 

THIAMINE  AND  AO-METHYi-NICOTINAMIDE 

These  two  substances  are  estimated  by  methods  so  similar  that 
they  are  best  discussed  together  except  in  the  last  steps.  The 
method  of  Hennessy  and  Cerecedo  (S)  and  the  modifications  of 
Egana  and  Meiklejohn  (2)  have  been  incorporated  in  the 
present  analysis  of  thiamine  and  the  method  of  Najjar  and  Wood 
(7)  has  been  followed  for  estimating  iW-methylnicotinamide.  A 
considerable  saving  in  time  and  manipulation  has  been  achieved 
by  adsorbing  both  substances  on  activated  zeolite  and  eluting 
with  potassium  chloride  not  in  a  base-exchange  column  but  in  the 
vessels  where  thiamine  is  converted  to  thiochrome  and  where 
factor  F2  is  formed  by  addition  of  alkali.  Both  vitamin  deriva¬ 
tives  are  shaken  into  isobutyl  alcohol  and  are  estimated  by  visual 
fluorometry. 

Apparatus.  All  equipment  is  the  same  as  for  riboflavin,  ex- 
.  cept  that  no  light  filter  is  used  in  the  fluorometric  comparator. 
Reagents.  Oxalic  acid. 

Activated  zeolite.  Considerable  time,  patience,  and  some¬ 
times  experimentation  are  required  to  get  a  satisfactory  product 
;  which  will  settle  out  rapidly  and  also  adsorb  thiamine  well, 
i  Commercial  zeolite  is  crushed  in  a  stone  crusher  or  suitable  mor¬ 
tar.  Permutit  and  Decalso  are  as  good  as  zeolite.  That  portion 
of  the  product  which  will  pass  a  100-mesh  sieve  is  saved  and  sus¬ 
pended  in  1%  acetic  acid  in  distilled  water  in  large  cylinders. 
The  granules  which  settle  to  the  bottom  rapidly — that  is,  in 
about  2  minutes — are  separated  from  the  lighter  particles  by 
decanting  and  are  boiled  3  times  with  1  %  acetic  acid  with  settling 
and  decanting  between  fresh  additions  of  acetic  acid.  The 
product  is  washed  with  distilled  water  and  dried  in  the  oven  at 
110°  C.  It  should  be  a  white  homogeneous  powder  and  when 
about  200  mg.  are  shaken  with  water  in  a  10-ml.  mixing  cylinder 
all  the  particles  should  settle  rapidly  to  the  bottom  in  not  more 
than  2  minutes.  There  may  be  great  variability  from  batch  to 
batch.  When  test  runs  with  synthetic  thiamine  are  made,  re¬ 
covery  is  sometimes  poor  and  the  product  may  have  to  be  reac¬ 
tivated  by  the  technique  of  Najjar  and  Wood  (7).  If  addition  of 
ferrieyanide  results  in  the  formation  of  Prussian  blue,  the  prod¬ 
uct  has  to  be  washed  with  warm  fairly  strong  solutions  of  hy¬ 
drochloric  or  nitric  acid.  When  a  satisfactory  product  is  finally 
obtained,  its  activity  remains  constant  for  months  if  it  is  kept  dry. 

Aqueous  potassium  chloride,  approximately  25%.  At  tem¬ 
peratures  near  freezing  the  solubility  properties  necessitate  lower 
concentrations. 

Aqueous  15%  sodium  hydroxide. 

Aqueous  0.25%  potassium  ferrieyanide.  This  should  be  made 
up  fresh  every  day,  most  conveniently  from  weighed  samples 
|  stored  dry  in  small  stoppered  test  tubes. 

Isobutyl  alcohol.  This  must  have  a  blank  of  essentially  zero 
and  each  new  batch  has  to  be  tested  before  use.  It  can  be  re- 
!  covered  by  redistillation  of  the  residue  after  analysis,  n- 
Butyl  alcohol  can  be  used  instead  of  isobutyl. 

Dilute  acetic  acid,  approximately  1  %  in  distilled  water. 
Procedure.  Urine  is  collected  and  stored  as  under  riboflavin. 
.Y'-Methylnicotinamide  is  stable  for  days  and  thiamine  for  weeks 
even  at  high  environmental  temperatures.  The  initial  steps  are 
identical  for  W-methylnicotinamide  and  thiamine,  and  it  is 
therefore  convenient  to  run  both  at  the  same  time  but  with 
separate  aliquots  until  the  final  stages,  which  are  differentiated 
below. 

Two  milliliters  of  urine  are  pipetted  into  a  glass-stoppered 
test  tube.  If  the  urine  is  likely  to  be  high,  0.5  ml.  is  used.  About 
200  mg.  of  zeolite  are  delivered  from  a  small  spatula  into  the  tube, 
most  easily  through  a  small  funnel,  and  mixed  by  about  10  rapid 
vigorous  shakes  of  the  rack. 

(1)  In  the  case  of  urine  from  normal  men  neither  preliminary 
treatment  with  isobutyl  alcohol  to  remove  interfering  substances 
in  the  estimation  of  thiamine  nor  preliminary  treatment  with 
Norite  to  remove  substances  interfering  with  the  estimation  of 
A^-methylnicotinamide  has  any  significant  effect  in  the  present 
method  and  both  can  be  omitted  with  safety.  (2)  The  adsorption 
of  thiamine  and  W^methylnicotinamide  on  the  zeolite  is  not  crit¬ 
ically  affected  by  acidity  in  the  present  method.  So  long  as  the 
urine  is  between  pH  3  and  6  recovery  of  added  thiamine  is  essen¬ 
tially  the  same.  Oxalic  acid  added  to  the  urine  as  specified 
provides  this  acidity.  (3)  The  time  of  standing  at  this  stage  is 
not  critical. 

Adsorption  is  complete  after  10  shakes.  Approximately  8  ml. 
of  acidified  water  are  added  to  the  tube,  the  top  is  closed  with  a 


clean  finger,  and  the  tube  is  mixed  by  inversion  10  times.  After  a 
few  seconds’  standing  in  the  rack  until  the  particles  of  zeolite 
have  begun  to  settle,  the  few  particles  adherent  to  the  top  and 
sides  are  washed  down  by  closing  the  top  with  a  clean  finger  and 
administering  a  single  sharp  upward  jerk.  The  tube  is  replaced 
in  the  rack  until  the  zeolite  particles  have  settled  to  the  bottom. 
In  urine  containing  oxalic  acid  there  is  usually  slight  permanent 
turbidity  which  is  disregarded  in  deciding  when  the  zeolite  has 
settled.  The  supernatant  fluid  is  withdrawn  by  means  of  suc¬ 
tion  through  a  long  Deedle  of  stainless  steel  and  is  discarded.  A 
syringe  or  vacuum  pump  may  be  used. 

Approximately  8  ml.  of  acid  are  added  and  the  processes  of 
standing,  inversion,  and  removal  of  the  supernatant  fluid  are 
repeated.  This  washing  step  is  critical  in  the  estimation  of  both 
A^-methylnicotinamide  and  thiamine  but  for  different  reasons. 
In  the  case  of  thiamine,  if  washing  is  not  effective,  the  fluores¬ 
cence  obtained  in  the  final  step  is  off-color  with  a  silvery  blue  ad¬ 
mixture  to  the  true  thiochrome  mauve  and  reading  is  wholly 
unsatisfactory.  Tap  water  can  usually  be  used  instead  of  dis¬ 
tilled  water  but  it  may  be  necessary  to  add  more  acetic  acid  and 
sometimes  even  to  wash  three  times  before  the  thiochrome  color 
is  satisfactory.  Thiamine  is  firmly  bound  to  the  zeolite  and  re¬ 
peated  washings  remove  the  interfering  substances  without 
affecting  the  thiamine.  Experimentation  determines  how  many 
washings  with  the  available  water  supply  are  required  in  order  to 
get  satisfactory  results  for  thiamine.  In  the  case  of  Ar ‘-methyl- 
nicotinamide  in  contrast  to  thiamine  each  washing  diminishes 
the  final  fluorescence.  Apparently  AT 1  -m  e  t  hy  Ini  c  ot  i  n  ami  d  e  is 
relatively  easily  washed  off  the  zeolite,  whereas  thiamine  is  firmly 
bound.  In  making  routine  surveys  it  is  therefore  essential  to 
adopt  and  follow  scrupulously  a  fixed  technique  of  washing  in 
order  to  be  able  to  compare  values  for  Ari-methylnicotinamide 
from  one  place  to  another. 

Potassium  chloride  (0.5  ml.)  is  added  to  the  tube  and  the  rack 
is  shaken  gently,  so  as  to  mix  the  zeolite  with  the  potassium  chlo¬ 
ride  but  not  to  streak  the  zeolite  far  up  the  sides.  The  time  nec¬ 
essary  for  elution  does  not  exceed  30  seconds.  From  this  point 
on  the  estimations  of  A^-methylnicotinamide  and  thiamine  are 
different. 

Final  Steps  for  Thiamine.  Potassium  ferrieyanide  (0.1  ml.) 
is  added  and  mixed  by  a  few  gentle  shakes  of  the  rack;  0.25  ml. 
of  sodium  hydroxide  is  added  and  mixed  with  a  gentle  shake  of  the 
rack.  The  time  necessary  for  completing  the  oxidation  from 
thiamine  to  thiochrome  is  only  a  few  seconds.  Once  formed  in 
this  mixture  it  is  stable  for  at  least  0.5  hour.  (Although  thio¬ 
chrome  in  alkaline  aqueous  solutions  is  destroyed  in  a  relatively 
short  time,  a  considerable  body  of  experimental  data  has  been 
obtained,  demonstrating  that  in  the  presence  of  zeolite  it  is 
stable  for  periods  up  to  0.5  hour.)  Isobutyl  alcohol  (2  ml.)  is 
added,  the  glass  stopper  is  inserted,  and  the  tube  is  shaken  vigor¬ 
ously  25  times  up  and  down  its  long  axis.  This  number  of  shakes 
ensures  complete  distribution  of  thiochrome  between  the  alcohol 
and  aqueous  phases;  more  shaking  is  superfluous.  The  tube  is 
allowed  to  stand  in  the  rack  until  separation  of  the  phases  is  al¬ 
most  complete  or  is  centrifuged  a  few  seconds  in  a  hand  centrifuge 
if  separation  is  unsatisfactory,  as  it  sometimes  is  in  cold  places. 
About  1  ml.  of  the  supernatant  fluid  is  transferred  to  a  small  test 
tube  by  means  of  a  pipet  or  a  syringe  and  needle,  and  the  fluores¬ 
cence  is  matched  in  the  visual  comparator  against  standards  pre¬ 
pared  by  running  solutions  of  thiamine  hydrochloride  through  the 
method,  thus  compensating  for  variability  in  the  reagents.  Con¬ 
venient  standards  are  0,  5,  10, 15,  20,  30,  50,  75,  100,  150,  and  200 


Table  I.  Reproducibility  of  Results  with  Aqueous  Solutions  and 
Recovery  from  Normal  Urine 


Amount  Recovered 

Amount 

Normal 

Substance 

Added 

Water 

urine 

Micrograms  per  100 

ml. 

Riboflavin 

25 

25 

25 

47 

50 

52 

100 

102 

110 

150 

145 

150 

200 

190 

210 

Thiamine  hydrochloride 

5 

10 

6 

11 

5 

10 

20 

20 

20 

50 

52 

52 

100 

100 

102 

An-Methylnicotinamide  chloride 

250 

500 

250 

500 

250 

600 

1000 

1100 

1100 

2000 

1900 

2100 

4000 

3950 

4100 
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Table  II.  Comparison  of  Field  Methods  with  Usual  Laboratory 

Methods 

Concentration  of  Vitamin 

Substance  Method  Sample  1  Sample  2  Sample  3 


Riboflavin 

Present  field 

Micrograms  per  100  ml. 

40  60  70 

Riboflavin 

Najjar  (5) 

40 

56 

75 

Thiamine 

Present  field 

13 

20 

50 

Thiamine 

Egana  and  Meiklejohn  (2) 

10 

18 

52 

JV^-Methylnico- 

tinamide 

Present  field 

250 

250 

500 

A^-Methylnico- 

tinamide 

Najjar  and  Wood  (7) 

300 

300 

550 

micrograms  of  thiamine  hydrochloride  per  100  ml.  The  fluores¬ 
cence -of  the  isobutyl  layer  is  stable  for  several  days  even  in  high 
temperatures. 

In  the  urine  of  normal  young  men,  not  receiving  drugs  and  not 
deficient,  no  correction  for  Fi  or  F2  need  be  made  unless  the  ratio 
of  A  '-methylnicotinamide  to  thiamine  is  high.  In  the  present 
method,  such  an  occurrence  is  detected  at  once  because  the 
thiochrome  color  is  then  distinctly  tinged  with  a  greenish  com¬ 
ponent,  and  blank  correction  can  be  made.  Such  specimens  have 
been  rare  in  any  of  the  surveys  so  far  conducted  by  this  labora¬ 
tory.  Najjar  and  Ketron  ( 6 )  have  recently  demonstrated  that 
in  the  usual  case  the  F2  correction  is  small  in  magnitude  and 
becomes  important  only  in  samples  low  in  thiamine. 

Final  Steps  for  N*  l 2 3 4 5 6 7 8-M ethylnicotinamide.  Two  milliliters  of  iso¬ 
butyl  alcohol  are  delivered  into  the  tube  (no  mixing  is  necessary 
at  this  point),  0.25  ml.  of  sodium  hydroxide  is  added,  and  the  tube 
is  stoppered  with  its  glass  stopper  and  shaken  25  times  as  under 
thiamine.  The  addition  of  sodium  hydroxide  should  be  followed 
by  shaking  at  once,  because  factor  F2  in  aqueous  alkaline  solution 
breaks  down  to  nonfluorescent  end  products  within  a  very  few 
minutes  but  is  stable  in  the  isobutyl  layer  for  hours.  The  tube 
is  replaced  in  the  rack  until  separation  of  the  phases  is  complete, 
or  it  is  centrifuged  for  a  few  seconds  in  a  hand  centrifuge.  One 
milliliter  of  the  supernatant  layer  is  transferred  to  a  small  test 
tube  as  under  thiamine. 

Maximal  F2  fluorescence  is  developed  relatively  slowly,  so 
that  reading  must  be  made  not  sooner  than  5  minutes  after  the 
shaking  with  sodium  hydroxide.  Fluorescence  is  matched  in 
the  comparator  against  standard  solutions  of  F2  in  isobutyl 
alcohol,  prepared  by  running  a  series  of  appropriate  aqueous 
solutions  of  iY’-methylnicotinamide  chloride  through  all  stages 
of  the  method.  A  convenient  series  of  aqueous  standards  is  0, 
0.25,  0.5,  0.75,  1.0,  1.5,  2.5,  3.75,  5.0,  7.5,  and  10.0  mg.  per  100 
ml.  (In  the  field  it  is  sometimes  convenient  to  use  aqueous 
solutions  of  quinine  sulfate  dissolved  in  approximately  0.1  N 
sulfuric  acid.  The  relation  between  the  two  types  of  standard 
is  linear,  as  is  shown  by  an  experiment  in  which  standards  of  F2 
representing  aqueous  solutions  of  .A'-methylnicotinamide  chlo¬ 
ride  in  the  concentrations  0,  0.25,  0.5,  0.75,  1.0,  1.5,  2.5,  3.75, 
5.0,  and  7.5  mg.  per  100  ml.  of  matched  quinine  standards  which 
rea,d  0,  5,  10,  15,  20,  30,  50,  75,  100,  and  150  micrograms  of 
quinine  sulfate  per  100  ml.  The  quinine  color  is  not  a  perfect 
match  against  F2  but  is  satisfactory.)  No  blank  correction  is 
made  unless  the  apparent  concentration  of  A' '-me thy lnico tin- 
amide  is  over  1.5  mg.  per  100  ml.,  the  blank  correction  being  in¬ 
significant  for  normal  urine  of  low  concentrations. 


RESULTS  AND  DISCUSSION 


are  receiving  atabrine  or  quinine,  thiamine  can  be  estimated 
accurately  after  the  urine  has  been  treated  with  isobutyl  alcohol 
and  a  very  small  amount  of  Norite  A;  and  accurate  estimations 
of  IW-methylnicotinamide  are  possible  after  the  urine  has  been 
shaken  with  a  relatively  large  amount  of  Norite  A. 

Means  and  ranges  are  given  in  Table  III  for  field  surveys  con¬ 
ducted  by  this  laboratory  under  a  variety  of  climatic  conditions. 
Such  data  show  the  type  of  results  that  may  be  expected  in  popu¬ 
lations  of  supposedly  well-fed  healthy  young  men.  They  were 
all  living  on  field  rations,  some  of  which  had  been  supplemented 
with  yeast  or  synthetic  vitamins.  This  accounts  for  the  high 
values  sometimes  observed. 

The  present  field  methods  are  so  rapid  that  four  technicians 
can  perform  duplicate  estimations  of  riboflavin,  thiamine,  and 
A'1-methylnicotinamide  in  100  specimens  of  urine  in  2  working 
days  without  undue  haste.  As  described  above,  they  are  appli¬ 
cable  to  urine  from  healthy,  well-fed  subjects,  and  should  not  be 
applied  to  urine  from  other  types  of  subjects  without  careful  com¬ 
parison  with  standard  laboratory  methods.  Systematic  work  is 
now  in  progress  on  modifications  in  procedure  that  may  be  neces¬ 
sary  for  burned  patients,  for  patients  receiving  drugs,  and  for 
frankly  deficient  patients.  The  specificity  of  the  present  meth¬ 
ods  for  testing  urines  from  normal  subjects  is  that  of  the  stand¬ 
ard  procedures  from  which  they  were  derived.  The  most  re¬ 
liable  results  are  perhaps  for  vitamin  tolerance  tests,  in  which 
any  increment  in  urinary  excretion  must  be  due  to  the  test  dose. 


Table  III.  Urinary  Excretion  of  Vitamins® 

Thiamine  IV'-Methylnicotinamide  Riboflavin 

Mean  Range  Mean  Range  Mean  Range 

Micrograms  per 

hour  Mg.  per  hour  Micrograms  per  hour 

149  Men  in  the  Mojave  Desert 


2  0-7  0.15  0-1.00  40  2-157 

85  Men  in  Subarctic  Conditions  (6  Observations  Each) 


11  1-66  0.30  0-1.30  50  13-320 


35  Men  in  New  England  Spring  and  Autumn  (3  Observations  Each) 
4  1-9  0.30  0.05-0.85  35  12-120 


595  Men  in  the  Rocky  Mountains,  Summer  (2  Observations  Each) 
13  1-65  0.45  0.05-2.10  41  3-246 

a  Specimens  collected  in  morning  after  arising  but  before  breakfast. 
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The  present  methods  yield  reproducible  results  with  aqueous 
solutions  of  riboflavin,  thiamine  hydrochloride,  and  A^-methyl- 
nicotinamide  chloride,  and  recovery  is  satisfactory  when  these 
substances  are  added  to  urine  (Table  I).  The  method  for  N1- 
methylnicotinamide  compares  favorably  with  that  of  Coulson, 
Ellinger,  and  Holden  ( 1 ).  (Reference  standards  should  be  ob¬ 
tained  from  E.  Fullerton  Cook,  Chairman,  U.  S.  Pharmacopoeial 
Revision  Committee,  43rd  St.  and  Woodland  Ave.,  Philadelphia 
4,  Pa.  Synthetic  IW-methylnicotinamide  chloride  is  obtainable 
from  W.  A.  Taylor  Co.,  Baltimore,  Md.) 

With  the  urine  of  well-fed  young  men  who  are  not  receiving 
drugs  substantially  the  same  results  are  obtained  by  the  present 
methods  and  by  the  methods  from  which  they  are  derived. 
Typical  results  for  samples  of  low,  intermediate,  and  high  con¬ 
centrations  are  presented  in  Table  II.  With  some  kinds  of  ab¬ 
normal  urine,  preliminary  treatment  of  the  urine  is  necessary 
before  reliable  results  can  be  obtained.  For  instance,  when  men 
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Correction.  In  the  article  on  “Colorimetric  Estimation  of 
Aluminum  in  Aluminum  Steel”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  17, 
206  (1945)  ],  an  error  occurred  under  the  heading  “Solutions  Re¬ 
quired”.  Both  the  first  and  second  paragraphs  should  read  “add 
1  ml.  of  10%  benzoic  acid  in  methanol”. 

C.  Howard  Craft 
G.  R.  Makepeace 


Vacuum  Drying  Apparatus  For  Unstable  Polymeric 

Materials 

A.  R.  KEMP  and  W.  G.  STRAITIFF 
Bell  Telephone  Laboratories,  Murray  Hill,  N.  J. 


DURING  the  course  of  research  conducted  in  these  labora¬ 
tories  on  unsaturated  high  molecular  weight  polymers  like 
natural  rubber,  GR-S,  etc.,  there  developed  a  need  for  an  effi¬ 
cient  drying  apparatus  capable  of  rapidly  and  completely  remov¬ 
ing  from  these  materials  volatile  substances  such  as  water,  ace¬ 


tone,  benzene,  while  ensuring  protection  against  oxidation.  The 
regular  laboratory  drying  methods,  such  as  the  use  of  a  high 
static  vacuum  in  a  vacuum  desiccator  or  a  constantly  changing 
inert  atmosphere  at  ordinary  temperature,  were  found  slow  and 
inefficient,  thus  being  the  source  of  considerable  delay  in  the 


Figure  1 .  Diagram  of  Apparatus 
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prosecution  of  the  research  work.  Because  of  the  susceptibility 
of  the  above  materials  to  oxidation  the  use  of  open  electrically 
heated  ovens  is  inadvisable. 

Experience  has  shown  that  the  rate  of  drying  of  rubber  and 
rubberlike  materials  is  dependent  upon  temperature,  the  amount 
of  exposed  surface  area  per  unit  weight  of  the  material,  the  type 
and  amount  of  tEe  sorbed  matter,  and  the  concentration  of  the 
volatile  matter  in  the  atmosphere  (humidity)  surrounding  the 
surface  of  the  rubber.  By  making  use  of  presently  available 
laboratory  equipment  the  authors  have  constructed  a  highly 
efficient  drying  apparatus  at  moderate  cost  which  employs  both 
elevated  temperatures  and  a  constantly  changing  inert  atmos¬ 
phere  to  accelerate  the  drying  process  and  at  the  same  time  pro¬ 
tect  the  material  against  oxidation.  A  sketch  of  the  apparatus 
is  shown  in  Figure  1 .  The  apparatus  is  operated  at  low  pressures 
for  the  purpose  of  obtaining  as  much  as  possible  an  oxygen-free 
atmosphere  and  for  the  most  economical  use  of  the  inert  gas. 

CONSTRUCTION  AND  OPERATION 

The  apparatus  is  supported  on  a  standard  120-cm.  (4-foot) 
wooden-top  chemical  table.  The  oven  is  a  stainless  steel  auto¬ 
matic  temperature-controlled  Webber  electric  vacuum  oven 
(American  Instrument  Company,  No.  4-158  A)  with  a  tempera¬ 
ture  range  of  20°  to  150°  C.  The  vacuum  chamber  is  made  of 
pressed  steel  and  plated  with  nickel  over  copper  for  air-tightness. 
A  small-diameter  lead  gasket  serves  as  a  very  effective  airtight 
seal  for  the  removable  door. 

The  accessory  equipment  consists  of  a  6.3-cu.  meter  (224-cu. 
foot)  tank  of  prepurified  nitrogen  (Air  Reduction  Company) 
with  an  oxygen  content  of  less  than  0.002%  by  volume.  The 
nitrogen  gas  is  dispensed  by  a  double-stage  regulator  through  a 
flowmeter  filled  with  dibutylphthalate  and  into  the  upper  con- 


1.  In  vacuum  desiccator  under  3-mm^  pressure  over  P2O6  at  25  C. 

2.  In  vacuum-drying  apparatus  at  55°  C. 

3.  In  vacuum-drying  apparatus  at  80  C. 


nection  to  the  vacuum  chamber.  The  exit  valve  of  the  vacuum 
chamber  is  connected  to  a  mercury  manometer  and  to  a  series  of 
two  three-way  stopcocks  with  leads  attached  to  the  house 
vacuum  system,  to  the  atmosphere,  and  to  a  Duo-Seal  vacuum 
pump.  A  glass  trap  is  included  in  the  line  to  remove  condensable 
vapors  during  the  operation  of  the  system,  solid  carbon  dioxide 
in  acetone  being  used  as  the  coolant.  Vibrations  are  held  to  a 
minimum  by  mounting  the  pump  on  a  rubber  mat  0.6  cm. 
(0.25  inch)  in  thickness.  All  connections  are  made  with  heavy- 
walled  rubber  tubing.  For  airtightness  all  rubber-to-glass  and 
rubber-to-metal  joints  are  cemented  with  shellac.  The  flow¬ 
meter  and  manometer  are  supported  by  metal  rods  (not  shown  in 
sketch)  attached  to  the  wooden  table  top. 

The  apparatus  is  operated  by  placing  the  samples  on  stainless 
steel  wire-mesh  trays  in  the  vacuum  chamber  and  securing  the 
door  tightly  in  place  by  means  of  the  screw-clamp  handle. 


Figure  3.  Rate  of  Removal  of  Acetone  from  Smoked  Sheet 

1.  In  vacuum  desiccator  under  3-mm.  pressure  at  25  C. 

2.  In  vacuum-drying  apparatus  at  50°  C. 


Figure  4.  Rate  of  Removal  of  Benzene  from  Smoked  Sheet 


1.  In  vacuum  desiccator  under  3-mm,  pressure  at  27  C. 

2.  In  vacuum-drying  apparatus  at  55°  C. 

3.  In  vacuum-drying  apparatus  at  80  C. 
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The  vacuum  chamber  is  evacuated  and  recharged  to  atmospheric 
pressure  with  the  prepurified  nitrogen.  This  is  repeated  twice. 
When  the  mercury  manometer  becomes  steady  the  valve  at¬ 
tached  to  the  gas  regulator  is  opened  slightly  to  where  the  differ¬ 
ence  in  the  two  levels  of  the  dibutylphthalate  in  the  flowmeter  is 
3  mm.  with  an  orifice  of  about  2.0  mm.  This  corresponds  to  a 
gas  flow  of  78  liters  of  expanded  gas  per  hour  by  the  flowmeter 
which  was  calibrated  at  atmospheric  pressure  with  a  wet-test  gas 
meter.  The  samples  are  removed  by  shutting  off  the  vacuum 
and  filling  the  vacuum  chamber  with  nitrogen  to  slightly  above 
atmospheric  pressure.  The  stopcock  arrangement  provides  for 
the  immediate  release  of  the  vacuum  outside  the  pump  as  a  safe¬ 
guard  against  drawing  the  pump  oil  into  the  system.  After 
cooling  to  room  temperature,  the  materials  are  weighed  and  the 
operation  is  repeated  until  a  constant  weight  is  obtained.  The 
house  vacuum  system  serves  well  for  overnight  drying  or  when  a 
considerable  amount  of  volatile  matter  is  to  be  removed. 

FACTORS  INFLUENCING  DRYING  RATE  OF  RUBBER 

The  rate  of  drying  of  rubberlike  materials  depends  upon  a 
number  of  factors.  Elevated  temperatures,  a  large  exposed  sur¬ 


face,  and  a  rapidly  changing  low  “humidity”  atmosphere  favor 
rapid  drying.  Figures  2,  3,  and  4  show,  for  example,  the  effect 
of  temperature  on  the  rate  of  removal  of  water,  acetone,  and 
benzene  from  a  3.75-cm.  (1.5-inch)  square  0.3-cm.  (0.125-inch) 
thick  piece  of  Grade  A  smoked  sheet  rubber.  Curves  designated 
as  1  represent  the  slow  rate  of  drying  under  ordinary  laboratory 
conditions,  as  compared  with  curves  2  and  3  which  show  a  much 
more  rapid  rate  when  carried  out  in  the  drying  apparatus  at 
elevated  temperatures.  By  increasing  the  temperature  to 
110°  C.  it  was  found  that  it  required  about  0.5  hour  to  remove 
5%  of  moisture  from  the  smoked  sheet.  The  same  drying  rate 
was  found  in  cases  where  the  drying  was  carried  out  at  atmos¬ 
pheric  pressure  instead  of  under  vacuum.  This  indicates  that 
the  drying  process  depends  principally  upon  diffusion  rather 
than  evaporation  from  the  liquid  phase. 

In  drying  delicate  biological  substances  there  exists  a  need  for 
safe  and  efficient  drying  procedures  and  it  is  hoped  that  the 
present  work  may  assist  others  in  this  connection. 


Instrument  for  Measuring  Thickness  of  Nonconducting 
Films  Applied  over  Nonmagnetic  Metals 
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The  extensive  application  of  camouflage  paint  to  military  aircraft,  cause  of  strict  weight  allowance  and  the  necessity  of  providing  a 

whose  paint  surfaces  are  constructed  largely  from  the  light  metals  durable  finish.  An  instrument  is  described  for  making  such  measure- 

and  their  alloys,  emphasized  the  need  for  a  nondestructive  method  ments  and  data  are  presented  illustrating  its  use.  The  gage  satisfac- 

for  measuring  thickness  of  paint  films  applied  to  nonmagnetic  metals.  torily  measures  coatings  containing  metallic  as  well  as  nonmetallic 

In  aircraft  painting,  control  of  film  thickness  is  doubly  important  be-  pigments. 


IN  THE  study  of  the  properties  of  paint  films,  methods  for 
determining  thickness  have  been  helpful  in  making  more  uni¬ 
form  measurements,  since  some  properties  of  paint  films  are 
dependent  largely  upon  the  thickness  at  which  they  are  applied 
to  any  given  surface.  In  the  past,  the  most  common  instruments 
for  measuring  dry  film  thicknesses  have  been  based  on  a  magnetic 
principle  which  results  in  their  use  for  the  study  of  films  applied 
to  surfaces  of  magnetic  metals  only.  Lack  of  a  similar  method 
for  studying  films  applied  to  the  light  metals  and  their  alloys  has 
proved  a  handicap  to  paint  technicians  studying  finishing  ma¬ 
terials  for  aircraft,  whose  painted  metal  surfaces  are  almost  in¬ 
variably  constructed  of  aluminum  and  magnesium  or  their 
alloys. 

Paint  technologists  are  familiar  with  the  ordinary  type  of  gage 
making  use  of  the  magnetic  principle,  illustrated  by  the  Aminco- 
Brenner  Magnegage  ( 1 )  and  the  G.E.  enamel  thickness  meter 
(3).  These  instruments  have  proved  most  valuable  in  aiding 
the  paint  technologist  to  hold  film  thickness  within  given  limits 
in  order  to  study  closely  various  properties  of  the  film  which  are 
largely  dependent  upon  the  thickness  at  which  it  is  applied.  For 
studying  films  applied  to  nonmagnetic  metals,  resort  has  been 
made  to  the  measurement  of  film  thickness  by  means  of  dial 
gages  or  micrometers  which  involve  either  the  measurement  of 
the  panel  thickness  before  paint  is  applied  or  the  destruction  of  at 
least  a  portion  of  the  film  usually  somewhere  near  the  edge  of  a 
sample  panel.  The  method  discussed  herein  describes  a  means 
for  measuring  the  thickness  of  films  applied  to  nonmagnetic  con¬ 
ducting  substances  without  destroying  the  film  at  any  point, 
regardless  of  the  area  involved.  The  outstanding  limitation  of 
the  instrument  in  its  present  stage  of  development  is  the  fact 


that  measurements  cannot  be  made  on  curved  surfaces,  and  sur¬ 
faces  not  providing  a  level  area  as  much  as  1  inch  in  diameter 
cannot  be  measured  accurately. 

The  instrument  has  been  successfully  used  over  aluminum, 
various  aluminum  alloys,  copper,  brass,  and  magnesium,  and 
should  perform  adequately  over  any  conducting  metal  which  is 
nonmagnetic. 

DESCRIPTION  OF  APPARATUS 

When  an  alternating  current  flows  in  a  coil  near  the  surface 
of  a  nonmagnetic  metal,  eddy  currents  are  set  up  in  the  metal 
which  will  affect  the  inductance  of  the  coil  when  placed  upon  or 
near  the  surface  of  the  metal.  The  instrument  was  designed 
with  the  thought  of  utilizing  this  phenomenon  {2). 

The  measuring  instrument  makes  use  of  the  heterodyne 
principle  in  order  to  compare  the  variable  frequency  of  one 
oscillator  with  the  fixed  frequency  of  another.  The  LC  (in¬ 
ductance  and  capacity)  product  of  the  variable  oscillator  is 
adjusted  to  equal  the  fixed  value  of  the  fixed  oscillator.  The 
value  of  L  for  the  variable  oscillator  depends  on  the  distance  of  a 
pickup  coil  from  the  nonmagnetic  conducting  surface.  The 
value  of  C  necessary  to  make  LC,  the  required  value,  is  con¬ 
trolled  by  a  variable  air  condenser.  This  is  the  usual  type  of 
condenser  found  in  an  ordinary  radio  set.  By  using  a  frequency 
of  50  kc.  or  greater,  the  inductance,  as  the  pickup  coil  approaches 
the  metal,  is  independent  of  the  thickness  of  the  metal,  providing 
it  is  not  less  than  0.02  inch. 

Consider  two  oscillators,  one  of  which  is  fixed  whereas  the 
other  is  variable.  The  two  oscillators  beat  against  each  other, 
producing  an  audible  note  having  a  frequency  equal  to  the  differ¬ 
ence  of  the  two  oscillator  frequencies.  By  adjusting  the  capaci¬ 
tance  in  the  variable  oscillator  circuit  by  means  of  a  condenser, 
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this  tone  can  be  eliminated.  The  extent  of  adjustment  depends 
upon  the  exact  distance  of  the  pickup  coil  from  the  base  metal, 
which  in  turn  depends  upon  the  thickness  of  the  insulating  layer. 
The  audible  note  can  be  heard  by  means  of  ear  phones  which  are 
preferred  on  a  portable  model  or  better,  perhaps,  by  means  of  an 
amplifier  and  a  loud  speaker  which  are  preferred  in  the  laboratory 
instrument.  In  each  case  a  buzzing  sound  is  produced,  char¬ 
acteristic  of  poor  radio  reception,  as  a  result  of  considerable  inter¬ 
ference. 

Figure  1  is  a  diagrammatic  sketch  of  the  portable  instrument 
which  is  powered  by  dry  cells  and  can  be  conveniently  carried 
into  the  field  for  making  measurements  on  equipment  in  use. 
Figure  2  illustrates  this  instrument  fully  assembled.  Figure  3 
is  a  diagrammatic  sketch  of  the  laboratory  instrument,  whose 
sensitivity  is  somewhat  higher  and  whose  power  is  derived  from  a 
regular  11 5- volt  alternating  current  supply.  This  apparatus  is 
shown  fully  assembled  in  Figure  4. 

The  pickup  unit,  Figure  5,  consists  of  a  lattice-wound  coil  con¬ 
veniently  mounted  in  a  Bakelite  holder.  The  sensitivity  of  the 
apparatus  has  been  shown  to  be  independent  of  the  value  of  the 
inductance  of  this  coil  for  a  given  value  of  the  LC  product — i.e., 
for  a  given  frequency.  Referring  again  to  Figure  5,  the  outer 
shell  of  Bakelite,  1,  is  cemented  to  the  bottom  covering,  4,  and 
the  entire  inside  painted  with  Aquadag  to  provide  electrostatic 
shielding.  The  16-millihenry  coil,  B,  is  connected  to  the  coil 
holder,  2,  which  in  turn  is  fastened  to  a  brass  weight,  3.  The 
center  conductor,  A,  is  soldered  to  one  end  of  the  coil,  B.  The 
shield  of  the  cable  is  grounded  to  the  chassis  of  the  apparatus  and 
to  the  brass  weight.  This  is  also  connected  to  the  other  end  of 
the  coil.  A  cable  clamp,  C,  removes  all  strain  from  internal  wire 
connections.  The  brass  weight,  3,  incorporated  in  the  pickup 
unit  ensures  that  the  same  pressure  is  always  applied  to  any  given 
surface  under  measurement. 

Except  in  cases  where  the  film  being  measured  is  exceptionally 
soft,  this  pressure  is  not  sufficient  to  deform  or  deface  the  film  to 
any  degree.  The  area  of  the  conducting  surface  of  the  pickup 
unit  is  so  large  relative  to  its  weight  that  the  pressure  of  the  unit 
area  is  small  indeed.  A  denser  weight  over  the  same  area  might 
prove  even  more  effective  in  obtaining  reproducible  results. 
The  pickup  unit  should  always  be  placed  lightly  on  the  surface 
of  the  film  to  be  measured  and  no  artificial  pressure  should  be 
applied. 


USE  OF  THE  INSTRUMENT 

Although  it  is  possible  to  calibrate  dial  numbers  to  read  di¬ 
rectly  in  mils,  readings  may  be  readily  referred  to  calibration 
curves,  which  permits  the  use  of  standard  dials.  Calibration 
curves  were  prepared  by  measuring  the  thickness  of  uniform 
sheets  of  insulating  material  of  various  thicknesses  at  several 
points  by  means  of  a  micrometer.  Sheets  of  cellophane  or 
Pliofilm  are  suitable  for  this  purpose.  The  same  sheets  were 
then  placed  over  a  bare  piece  of  nonmagnetic  metal  and  addi¬ 
tional  measurements  made  by  means  of  the  thickness  gage.  The 
pickup  unit  was  placed  over  the  insulating  material,  its  weight 
being  sufficient  to  press  the  film  tightly  against  the  metal  to  ob¬ 
tain  easily  reproducible  dial  readings.  In  this  manner,  a  number 
of  known  points  were  obtained  for  the  calibration  curves  by  select¬ 
ing  film  sheets  whose  thicknesses  occurred  in  the  range  of  interest. 
The  use  of  this  method  is  also  convenient  for  checking  the  accu¬ 
racy  of  the  instrument  from  time  to  time  during  operation. 

The  technique  was  followed  in  preparing  two  sets  of  curves  for 
the  laboratory  instrument  which  operates  in  two  separate  ranges 
of  thickness.  The  left-hand  dial  (Figure  4)  is  used  for  measuring 
thicknesses  at  0  to  10  mils.  The  right-hand  dial  is  used  for 
measuring  thicknesses  at  0  to  25  mils.  The  curve  obtained  for 
the  0  to  10  range  is  practically  a  straight  line  except  for  those 
points  where  the  film  is  extremely  thin.  All  thicknesses  above 
0.5  mil  are  easily  determined,  but  smaller  measurements  are 
rather  difficult,  inasmuch  as  this  is  below  the  practical  limitation 
of  calibration  for  the  instrument.  Over  the  0-  to  10-mil  range 
there  are  about  20  dial  divisions  for  each  mil  thickness.  It  is 
possible,  therefore,  to  adjust  the  dial  to  one  division,  which  de¬ 
scribes  an  increment  of  0.05  mil.  Since  the  dial  can  be  read  to 
about  0.25  division,  it  is  apparent  that  the  sensitivity  of  the 
instrument  is  limited  only  by  the  areas  involved  in  placing  the 
pickup  unit  uniformly  on  portions  of  the  film  to  be  measured. 

When  the  thickness  of  the  coating  exceeds  10  mils,  the  rights 
hand  dial  is  used.  However,  the  sensitivity  is  decreased  some¬ 
what,  owing  to  the  fact  that  the  25  mils  are  spread  over  the  same 
dial  range  as  are  the  10  mils  on  the  first  scale.  In  addition,  the 


Figure  1 .  Portable  Battery-Operated  Film-Thickness  Gage 
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noise  ceases,  the  left-hand  dial  remaining  at  zero. 
The  pickup  is  next  placed  upon  the  film  to  be 
measured  and  a  similar  buzzing  noise  is  produced. 
By  turning  the  left-hand  dial  carefully  until 
the  noise  is  eliminated,  a  dial  reading  is  obtained 
which  can  be  referred  to  the  calibration  curve 
and  the  thickness  read  in  mils.  This  arrange¬ 
ment  is  used  for  measurements  of  the  0-  to  10- 
mil  range.  In  order  to  measure  films  on  the  0- 
to  25-mil  range,  the  zero  setting  is  obtained  by 
the  left-hand  dial  and  the  measurement  made  by 
adjusting  the  right-hand  dial  until  the  noise  is 
eliminated.  The  dial  reading  is  converted  to 
mils  by  reference  to  a  calibration  curve. 

The  dials  must  always  be  turned  counter¬ 
clockwise  from  the  low  reading  toward  the  high 
one.  There  is  a  considerable  range  on  the  dial 
scale  over  which  no  sound  is  heard,  owing  to 
the  fact  that  the  two  oscillators  couple.  If  the 
approach  is  made  in  a  clockwise  direction,  the 
result  obtained  will  be  meaningless.  It  is 
possible  to  redesign  the  instrument  to  eliminate 
this  possibility  but  only  at  a  considerable  sacri¬ 
fice  in  the  simplicity  of  the  circuit. 

Until  the  circuits  have  had  an  opportunity 
to  warm  up,  the  zero  setting  has  a  tendency 
to  drift  somewhat  over  a  narrow  range;  therefore,  when  the 
instrument  is  used  after  a  short  warm-up  period,  it  should  be 
checked  at  frequent  intervals. 

TYPICAL  MEASUREMENTS 

In  order  to  illustrate  the  wide  adaptability  of  the  instrument 
to  the  measurement  of  several  types  of  coatings  applied  to  differ¬ 
ent  alloys  with  several  surface  treatments,  a  number  of  experi¬ 
ments  were  made. 

Panels  were  prepared  from  24ST  Alclad  aluminum,  24S1  alu¬ 
minum,  17ST  aluminum,  and  75ST  aluminum  as  well  as  zinc- 


Figure  2.  Assembled  Portable  Instrument 


approximate  linear  relationship  existing  in  the  first  case  does  not 
hold  over  the  entire  range. 

The  actual  operation  of  the  instrument  is  simple  and  rapid. 
After  the  power  is  applied,  the  instrument  should  be  allowed  to 
warm  up  for  several  minutes.  If  it  is  to  be  used  intermittently 
during  the  day,  it  should  be  left  on  continuously.  To  adjust  the 
zero  setting,  the  pickup  coil  is  placed  upon  a  sheet  of  bare  metal 
of  the  type  over  which  the  film  is  applied.  In  making  measure¬ 
ments  on  laboratory  panels,  the  uncoated  back  of  the  finished 
panel  serves  well.  When  the  contact  surface  of  the  pickup  unit 
is  placed  on  the  bare  metal,  both  dials  are  set  at  zero,  in  which 
case  a  buzzing  noise  is  produced.  The  frequency  of  this  noise  is 
gradually  diminished  by  turning  the  right-hand  dial  until  the 


Figure  3.  Laboratory  Alternating  Current  Film-Thickness  Gage 
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Figure  4.  Assembled  Laboratory  Instrument 


Table  I.  Comparison  of  Thickness  Measurement  Methods  over 
Chemically  Cleaned^Metals 


Thickness  by 

Thickness  by 

Panel  No.4 

Micrometer 

Electrical  Gage 

Mils 

Mils 

AL-01 

1.5 

1.6 

AL-02 

1.4 

1.1 

AL-03 

1.0 

1.0 

AL-04 

1.4 

1.4 

24ST-01 

1.8 

1.6 

24ST-02 

2.1 

2.5 

24ST-03 

0.9 

1.0 

24ST-04 

1.5 

1.7 

17ST-01 

1.6 

1.9 

17ST-02 

1.8 

2.6 

17ST-03 

1.0 

1.0 

17ST-04 

1.4 

1.7 

75ST-01 

2.7 

1.6 

75ST-02 

2.0 

2.2 

75ST-03 

1.1 

0.9 

75ST-04 

1.5 

1.6 

B-l 

1.8 

1.7 

B-2 

2.0 

2.2 

B-3 

0.9 

0.3 

B-4 

1.5 

1.5 

M-l 

1.6 

1.5 

M-2 

1.9 

2.1 

M-3 

0.7 

0.4 

M-4 

1.2 

1.7 

a  AL.  25ST  Alclad  aluminum 
24ST.  24ST  aluminum  alloy 
17ST.  17ST  aluminum  alloy 
75ST.  75ST  aluminum  alloy 
B.  Zinc-Cu  brass 
M.  Magnesium  alloy  (J1H) 


01.  2  coats  of  AN-L-21  white  lacquer 
02.  2  coats  of  AN-L-21  black  lacquer 
03.  1  coat  of  M-543  enamel 
04.  2  coats  of  aluminized  AN-TT-L-51 
lacquer  (12  ounces  per  gal.) 


copper  brass  and  magnesium  alloy  (J1H).  In  one  instance,  each 
of  the  above  metals  was  solvent-cleaned  and  then  primed  with 
two  coats  of  zinc  chromate  primer  AN-TT-P-656A.  Following 
the  primer,  one  series  was  finished  with  two  coats  of  AN-L-21 
white  lacquer.  A  second  set  was  finished  with  two  coats  of 
AN-L-21  black  lacquer.  A  third  set  received  one  coat  of  M-543 
enamel,  and  a  fourth  set  was  finished  with  two  coats  of  AN-TT- 
L-51  clear  lacquer  pigmented  with  12  ounces  of  aluminum 
powder  (extra  fine  lining)  per  gallon.  All  panels  were  allowed 
to  dry  for  several  days  before  measurements  were  made. 

Prior  to  the  application  of  paint,  the  thickness  of  each  panel 
was  carefully  measured  at  a  number  of  points  over  the  areas  that 
could  be  reached  by  a  micrometer  and  remeasured  after  the 
coatings  were  applied.  Values  derived  in  this  manner  were  cor¬ 
related  with  measurements  made  by  the  instrument.  With  the 
thickness  gage  it  was  possible  to  make  measurements  over  the 
entire  surface  of  the  panel  rather  than  somewhere  near  the  edges 
as  is  necessary  when  using  the  micrometer. 


Table  I  lists  the  results  obtained  by  the  use  of  each  method. 
From  a  study  of  these  data,  it  is  apparent  that  some  small  differ¬ 
ences  exist  in  results  obtained  by  the  two  methods.  Because  the 


pickup  unit  of  the  film  gage  has  a  diameter  of 
about  1.5  inches  and  the  micrometer  approxi¬ 
mately  0.25  inch,  some  variation  is  to  be  ex¬ 
pected.  For  example,  a  pigment  particle  could 
tilt  the  pickup  coil  enough  to  account  for  some 
of  the  differences,  while  the  chance  of  covering 
a  single  particle  with  the  micrometer  is  much 
smaller.  Such  discrepancies  can  largely  be  over¬ 
come  by  making  several  measurements  and 
selecting  an  average. 

In  the  data  listed  in  Tables  I  through  III, 
at  least  four  micrometer  measurements  were 
made  on  the  bare  panel.  The  average  thick¬ 
nesses  of  the  panel  measurements  were  used 
against  each  of  the  individual  measurements 
obtained  on  the  finished  panel  to  obtain  a 
number  of  readings.  The  average  of  four 
readings  is  listed  in  the  tables  of  data.  Similarly, 
a  minimum  of  four  measurements  was  made 
with  the  film  thickness  gage  and  the  average 
reported  in  the  listed  data. 

Table  II  lists  the  results  obtained  when  the  paint  systems 
described  above  were  applied  to  aluminum  and  magnesium  alloy 
which  had  been  surface-treated  before  painting. 

The  aluminum  alloys  were  solvent-cleaned  and  then  given  a 
chromic  acid  anodization,  whereas  the  magnesium  alloy  panels 
were  solvent-cleaned,  immersed  in  15  to  20%  hydrofluoric  acid 
at  room  temperature  for  several  minutes,  rinsed  in  cold  water, 
and  then  placed  in  a  boiling  10  to  15%  solution  of  potassium 
dichromate.  They  were  finally  rinsed  with  hot  water  and  allowed 
to  dry  in  the  air  for  a  few  minutes  before  application  of  the  first 
prime  coat. 


Figure  5.  Assembly  of  Paint  Gage  Pickup  Unit 


Table  II.  Comparison  of  Thickness  Measurement  Methods  over 
Chemically  Treated  Metals 


Panel  No.° 


AL-11 

AL-12 

AL-13 

AL-14 

24ST-11 

24ST-12 

24ST-13 

24ST-14 

17ST-11 

17ST-12 

17ST-13 

17ST-14 

75ST-11 

75ST-12 

75ST-13 

75ST-14 

M-ll 

M-12 

M-13 

M-14 


Thickness  by 
Micrometer 
Mils 

2.1 

2.0 

1.4 
1.8 

2.1 

1.8 

1.1 

1.9 

2.2 

2.1 

1.3 
2.0 

2.3 
2.0 

1.3 
2.0 

2.1 

1.8 

0.9 

1.5 


Thickness  by 
Electrical  Gage 
Mils 

2.0 

2.2 

1.2 

2.0 

2.0 

2.3 

1.5 
2.2 

3.0 

1.3 
1.8 

2.5 

2.5 

2.5 

1.4 
1.8 

2.4 

2.6 

1.5 
2.8 


°  Panel  designations  same  as  in  Table  I. 
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Finally  a  set  of  data  was  obtained  (Table  III)  in  which  the 
panels  were  merely  cleaned  and  given  finishing  coats  without 
prior  application  of  primer. 


Table  III.  Comparison  of  Thickness  Measurement  Methods  over 
Solvent  Cleaned  Metals  without  Primer 


a 


Panel  No.® 


AL-21 

AL-22 

AL-23 

AL-24 

24ST-21 

24ST-22 

24ST-23 

24ST-24 

17ST-21 

17ST-22 

17ST-23 

17ST-24 

B-21 

B-22 

B-23 

B-24 

M-21 

M-22 

M-23 

M-24 

Panel  designations 


Thickness  by 
Micrometer 
Mils 

2.6 

2.2 

1.6 

1.0 

2.8 

2.1 

1.8 

1.4 

2.5 
2.1 
1.8 
1.2 

2.3 

2.3 

1.8 

1.3 

2.3 
2.1 

1.5 
1.1 

as  in  Table  I. 


Thickness  by 
Electrical  Gage 
Mils 

3.0 

2.5 

1.5 
1.2 

2.8 

2.2 

2.1 

1.5 

2.8 

2.3 

1.8 

1.5 

2.9 

3.0 

1.7 

1.5 

2.5 
2.3 

1.5 
1.1 


The  first  instrument  was  designed  to  measure  the  thickness 
of  an  insulating  layer  over  a  nonmagnetic  conductor.  It  seemed 
to  be  of  interest  to  determine  the  effect  of  a  slightly  conducting 
coat  applied  to  a  nonmagnetic  conductor.  Some  clear  lacquer 
was  pigmented  to  produce  a  film  displaying  conductivity.  The 
thickness  of  the  film  was  first  determined  with  the  micrometer 
and  finally  by  the  electrical  gage.  In  every  instance  the  results 
agreed  as  closely  as  those  presented  in  the  tables  for  nonconduct¬ 
ing  films.  This  appeared  surprising  at  first  but,  when  it  is  con¬ 
sidered  that  the  paint  is  an  extremely  poor  conductor  compared 
to  the  metal  underneath,  the  result  is  somewhat  understandable. 
However,  a  point  can  be  reached  where  the  film  whose  thickness 
to  be  measured  displays  a  conductivity  approaching  that  of  the 


metal,  in  which  case  a  situation  is  reached  where  the  electrical 
gage  will  no  longer  function. 

DISCUSSION  AND  SUMMARY 

From  an  examination  of  the  data  it  is  evident  that  the  average 
readings  made  by  the  electrical  gage  are  on  the  average  slightly 
higher  than  those  obtained  by  the  micrometer.  Reasons  for  this 
differential  have  been  pointed  out.  In  a  very  few  instances 
micrometer  readings  are  higher.  More  uniform  agreement  was 
obtained  on  unprimed  panels  (Table  III),  which  may  be  explained 
by  the  fact  that  the  primer  pigment  was  not  so  well  dispersed  as 
were  the  top  coat  pigments;  this  resulted  in  a  slight  unevenness 
in  the  primer  coat  and  was  accentuated  as  the  film  was  built  up 
by  additional  coats.  In  one  or  two  instances  where  the  film  was 
thin,  wider  discrepancies  exist,  but  these  readings  fall  below  the 
0.5-mil  range  where  calibration  of  the  instrument  is  much  less 
accurate.  As  film  thickness  increases,  the  accuracy  of  the 
measurement  is  greater. 

Among  the  advantages  of  the  gage  is  the  fact  that  measure¬ 
ments  can  be  made  rapidly  and  with  reproducible  accuracy.  N o 
limit  of  its  usefulness  is  imposed  by  the  type  of  metal  over  which 
the  film  is  applied  except  that  it  be  nonmagnetic.  In  this  respect 
it  complements  the  magnetic  instruments  (1,  S )  so  widely  used 
throughout  the  coatings  industry.  Accuracy  is  limited  more  by 
the  nature  of  the  film  surface  on  which  the  pickup  coil  must  rest 
during  operation  than  by  the  sensitivity  of  the  instrument  itself. 

Films  applied  to  curved  surfaces  cannot  be  measured  accurately 
and  a  flat  surface  as  much  as  1  inch  in  diameter  is  necessary. 
If  the  edge  of  the  pickup  coil  is  placed  nearer  than  0.5  inch  to  the 
edge  of  the  panel  the  inductance  of  the  coil  is  affected.  Finally, 
the  zero  point  must  be  adjusted  by  contact  with  a  sample  of  the 
unpainted  metal. 
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Determination  of  Iodine  in  Thyroid  by  Cerate  Oxidimetry 

D.  T.  ENGLIS  AND  AUGUSTA  A.  KNOEPFELMACHER,  Noyes  Chemical  Laboratory,  University  of  Illinois,  Urbana,  III 


DURING  the  examination  of  a  number  of  methods  for  esti¬ 
mating  iodine  in  thyroid  and  other  organic  materials,  at¬ 
tention  was  given  to  a  method  proposed  by  Hilty  and  Wilson  (7) 
which  involved  an  oxidation  of  iodide  ion  by  ceric  sulfate.  It 
became  evident  during  the  examination  of  the  method  that  the 
reaction  postulated  by  the  authors  for  the  oxidation 

HC1 

Nal  +  6Ce(S04)2  +  3H20 

NalOj  +  3Ce2(S04)3  +  3H2SO,  (1) 

was  incorrect.  Under  the  conditions  employed  it  could  be  as¬ 
sumed  (H)  that  the  reaction  would  proceed  as  follows: 

HC1 

2I~  +  4Ce++  +  +  +  2C1~  — »■  4Ce  +++  +  2IC1  (2) 

This  was  confirmed  experimentally  by  the  addition  of  chloro¬ 
form  and  observance  of  the  appearance  of  the  iodine  color  in  this 
layer  in  the  initial  stages  of  the  reaction  and  later  change  to  the 
light  brown  color  as  the  iodine  was  oxidized  to  iodine  mono¬ 
chloride.  This  method  of  detection  of  the  end  point  was 


checked  agains  tthe  one  using  the  o-phenanthroline  indicator  with 
satisfactory  agreement. 

Upon  this  basis  the  equivalence  of  each  atom  of  iodine  is  2  in¬ 
stead  of  6.  Hilty  and  Wilson  (I)  state  that  each  cubic  centi¬ 
meter  of  0.005  N  ceric  sulfate  is  equivalent  to  0.0003178  gram  of 
iodine  in  thyroid  combination”.  This  is  correct  upon  the  basis  of 
Equation  2,  but  not  of  1.  Hence,  the  results  reported  are  prop¬ 
erly  evaluated  and  the  conclusions  drawn  from  them  are  not  in¬ 
validated,  even  if  they  are  not  in  accordance  with  the  assumed 
reaction. 

The  formulation  of  the  expression  for  the  calculation  of  the 
normality  of  the  ceric  sulfate  is  misleading.  It  should  be  repre¬ 
sented  simply  as 

Ml.  of  Ce(S04)2  required  X  its  A  =  ml.  of  FeS04  X  its  A 
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Determining  the  Hydroxyl  Content  of  Certain  Organic 

Compounds 

Macro-  and  Semimicromethods 

C.  L.  OGG,  W.  L.  PORTER,  AND  C.  O.  WILLITS,  Eastern  Regional  Research  Laboratory,  Philadelphia,  Pa. 


A  modification  of  macroprocedures  for  determining  the  hydroxyl 
content  of  hydroxylated  fatty  acids  and  alcohols  is  described,  in 
which  an  internal  indicator  is  used.  For  colored  solutions  a  potentio- 
metric  method  has  been  developed.  A  semimicroprocedure  using 
an  internal  indicator  is  also  presented.  An  acetylating  solution  of  1 
volume  of  acetic  anhydride  in  3  volumes  of  pyridine  and  a  hot-water 
hydrolysis  are  used. 

THE  West,  Hoagland,  and  Curtis  (14)  modification  of  the 
Verley  and  Bolsing  (IS)  procedure  for  determining  hydroxyl 
specifies  the  acetylation  of  fats  and  fatlike  material  with  a  solution 
of  1  volume  of  acetic  anhydride  in  7  volumes  of  pyridine,  followed 
by  hydrolysis  with  hot  water  and  titration  of  the  acid  formed  with 
alcoholic  alkali  solution.  Peterson  and  West  (10)  recommended 
an  acetylating  solution  of  1  volume  of  acetic  anhydride  in  2  vol¬ 
umes  of  pyridine,  and  Marks  and  Morrell  (6)  adopted  the  use  of 
a  solution  of  1  volume  of  acetic  anhydride  in  3  volumes  of  pyri¬ 
dine.  In  the  last  two  procedures,  the  excess  acetic  anhydride  is 
hydrolyzed  by  adding  ice  water  to  the  reaction  mixture.  Malm, 
Genung,  and  Williams  (5)  studied  the  effects  of  time,  temperature, 
and  concentration  of  the  acetic  anhydride  in  the  anhydride-pyri¬ 
dine  solution  on  the  acetylation  of  cellulose  derivatives.  They 
found  that  an  acetylation  period  of  24  hours  was  required  to  ob¬ 
tain  calculated  free  hydroxyl  values  when  they  used  a  0.5  molar 
acetic  anhydride  reagent  (1  part  of  acetic  anhydride  to  19  parts  of 
pyridine).  Titrations  were  conducted  electrometrically  in  an 
open  beaker. 


Figure  1 . 


The  methods  of  West,  Hoagland,  and  Curtis  and  of  Marks  and 
Morrell  gave  low  results  with  hydroxylated  higher  fatty  aids, 
certain  oxidation  products  of  higher  fatty  acids,  and  long-chain 
alcohols  analyzed  in  this  laboratory.  However,  by  combining  the 
acetic  anhydride  acetylating  solution  pf  Marks  and  Morrell  with 
the  hot-water  hydrolysis  and  the  homogenization  with  n-butanol 
of  West,  Hoagland,  and  Curtis,  good  results  were  obtained  on  the 
types  of  material  mentioned.  Since  a  concentration  of  1  part  of 
acetic  anhydride  in  7  parts  of  pyridine  gave  incomplete  acetyla¬ 
tion,  the  more  dilute  solution  of  Malm,  Genung,  and  Williams 
was  not  investigated.  Other  work  (1~4,  8,9, 11, 12)  has  been  de¬ 
scribed  in  which  both  acetic  anhydride  and  acetyl  chloride  were 
used  for  determining  the  hydroxyl  content  of  organic  compounds. 

In  each  of  the  methods,  except  that  of  Malm  et  al.,  an  interna! 
indicator  is  employed,  which  limits  the  accuracy  of  analysis  of 
samples  producing  dark  solutions.  For  these  materials  a  proce¬ 
dure  using  potentiometric  titrations  was  developed.  When  the 
reaction  was  carried  out  in  the  usual  manner  in  an  iodine  flask,  it 
was  necessary  to  transfer  the  reaction  mixture  to  a  beaker  to  make 
the  potentiometric  titration.  During  this  transfer,  small  amounts 
of  acetic  acid  were  inevitably  lost,  introducing  relatively  large  er¬ 
rors.  To  eliminate  these  errors,  a  modified  iodine  flask  was  de¬ 
signed  that  would  permit  the  electrometric  titration  to  be  made 
in  the  reaction  vessel  when  a  Beckman  pH  meter  equipped  with 
extension  electrodes  is  used. 

This  flask  (Figure  1)  was  made  by  sealing  side  arms  containing 
No.  16  standard  taper  stoppers  on  opposite  sides  of  a  250-ml. 

flask.  The  side  arms  allow 
the  tips  of  the  electrodes  to 
be  immersed  in  the  solution 
without  touching  the  bottom 
of  the  flask. 

A  semimicromethod  using 
the  same  reagents  employed 
for  the  macrodetermination 
was  developed  for  analyzing 
samples  too  small  for  the 
macroprocedure.  A  glass- 
stoppered,  pear-shaped  flask 
(Figure  2)  was  designed  so 
that  the  small  volumes  of  the 
sample  and  of  the  reagent 
would  be  held  in  the  conical 
tip,  ensuring  complete  mix¬ 
ing.  A  50-ml.  flask  provides 
sufficient  volume  for  the  ad¬ 
dition  of  the  titrating  solu¬ 
tion.  Four  tenths  milliliter 
of  the  acetic  anhydride-pyri¬ 
dine  solution  (1  to  3)  is  used, 
since  this  quantity  is  sufficient 
for  complete  acetylation  and 
also  requires  less  than  25  ml. 
of  0.1  N  alkali  for  neutraliza¬ 
tion.  This  volume  of  reagent 
permits  the  use  of  a  25-ml. 
buret  (calibrated),  which 
delivers  a  measured  volume 
with  the  necessary  accuracy. 

The  acetylating  reagent  is 
measured  from  an  S-shaped 
capillary  buret  of  1-mm.  bore 
(Figure  2)  having  a  mercury 
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column  in  contact  with  the  solution.  The  buret  is  filled  and  the 
reagent  expelled  by  releasing  and  applying  pressure  to  the  rubber 
tubing  which  serves  as  the  mercury  well  of  the  buret.  This  is 
done  by  manipulating  two  screw  clamps,  A  and  B,  in  contact 
with  the  rubber  tubing.  Since  a  fixed  volume  of  the  acetic 
anhydride-pyridine  reagent  is  to  be  delivered,  two  hair  fines  are 
placed  on  the  buret  at  the  points  that  would  allow  the  delivery 
of  approximately  0.4  ml. 

REAGENTS 

Acetylating  reagent.  One  volume  of  A.C.S.  grade  acetic  an¬ 
hydride  mixed  with  3  volumes  of  reagent  grade  pyridine. 
n-Butanol  (Eastman  Kodak,  practical). 


Figure  2.  Capillary  Buret  and  Semimicro 
Reaction  Flasks  for  Semimicromethod 


Mixed  indicator  solution  (4.).  One  part  of  0.1%  aqueous  solu¬ 
tion  of  cresol  red  neutralized  with  sodium  hydroxide  and  3  parts 
of  0.1%  thymol  blue  neutralized  with  sodium  hydroxide. 

Standard  alcoholic  sodium  hydroxide  solutions.  Macropro¬ 
cedure,  approximately.  0.5  N.  Semimicroprocedure,  approxi¬ 
mately  0.1  N. 

Prepare  the  solutions  from  saturated  aqueous  soldium  hydrox¬ 
ide  solution  (approximately  18  N )  and  aldehyde-free  ethanol 
made  by  alkaline  aluminum  reduction.  Standardize  the  alcoholic 
solutions  to  ±2  parts  per  1000  against  either  potassium  acid 
phthalate  or  a  standard  acid  of  approximately  the  same  normal¬ 
ity,  using  the  mixed  indicator. 

MACROPROCEDURE 

Place  a  weighed  sample  containing  from  1  to  2.5  milliequiva- 
lents  of  hydroxyl  in  the  modified  iodine  flask  and  add  exactly  3.00 
ml.  of  the"  acetic  anhydride-pyridine  solution  (1  to  3)  from  a  reser¬ 
voir-type  5-ml.  microburet  with  a  Drierite  protecting  tube  in  the 
reservoir.  Moisten  all  stoppers  of  the  flask  with  pyridine  and 
place  the  two  stoppers  firmly  in  the  electrode  arms.  The  center, 
or  main  stopper,  should  be  loosely  seated.  Place  the  flask  on  a 
steam  bath.  After  heating  for  45  minutes,  add  5  to  6  ml.  of  water 
to  the  cup  of  the  flask  and  loosen  the  stopper  in  such  a  manner  as 
to  rinse  the  stopper  and  inside  walls  of  the  flask.  Continue  heat¬ 
ing  for  2  minutes  and  then  cool  under  the  tap  with  the  main 
stopper  partly  removed.  With  10-ml.  of  w-butanol  rinse  the 
three  stoppers  and  inside  walls  of  both  the  flask  and  side  arms. 
Insert  the  glass  and  calomel  electrodes  in  the  side  arms  and  ti¬ 


trate  with  0.5  N  alcoholic  alkali  to  pH  9.8  (volume  A) .  Make  a 
blank  determination  (volume  B)  on  3.00  ml.  of  the  acetic  anhy¬ 
dride-pyridine  solution. 

Determine  the  free  acid  of  the  sample  by  repeating  the  proce¬ 
dure  described  above,  using  pyridine  instead  of  acetic  anhydride- 
pyridine  solution  and  adding  5  ml.  of  neutral  ethanol  just  prior 
to  the  titration  to  make  the  solution  homogeneous.  Shake  well 
and  titrate  with  0.5  N  alcoholic  alkali.  Calculate  the  volume  of 
alkali  required  to  neutralize  the  acidity  of  1  gram  of  the  sample 
(volume  C). 

Calculation. 


\B  —  (A  —  C  X  wt.  of  sample  for  —OH  determination)]  X 

‘v  x  rara  x  100  ' 


weight  of  sample  for  — OH  determination 


%  OH 


Because  of  the  ease  of  manipulation,  it  is  recommended  that  for 
colorless  solutions  ordinary  iodine  flasks  and  the  mixed  indicator 
be  used  with  this  procedure  instead  of  the  special  flasks  and  the 
potentiometric  titration. 


sem:micro?rocedure 

Weigh  a  sample  having  a  hydroxyl  content  equivalent  to  ap¬ 
proximately  2  ml.  of  0.1  N  alkali  directly  into  the  dry,  pear-shaped 
reaction  flask.  Draw  the  acetic  anhydride-pyridine  reagent  into 
the  S-shaped  buret  to  a  point  below  the  lower  hairline.  Wipe  the 
tip  of  the  buret  with  a  towel  and  then  with  the  fingertips  to  de¬ 
posit  a  slightly  oily  film,  which  ensures  a  more  uniform  removal  oi 
the  reagent  from  the  tip.  Hold  the  inside  wall  of  a  beaker  against 
the  buret  tip  and  bring  the  mercury  meniscus  to  the  lower  mark 
by  carefully  closing  the  screw  clamp,  A.  Replace  the  beaker  with 
the  reaction  flask  held  so  that  the  buret  tip  touches  the  inner  wall, 
and  rotate  the  flask  as  the  reagent  is  slowly  discharged  from  the 
buret  by  tightening  A  and  then  B  until  the  meniscus  is  even  with 
the  upper  mark.  Immediately  connect  the  flask  to  a  water- 
cooled  condenser  and  seal  the  glass  joint  with  a  few  drops  of  pyri¬ 
dine.  Place  the  flask  and  the  condenser  on  a  steam  bath  with  the 
tip  of  the  flask  extending  approximately  1.25  cm.  (0.5  inch) 
through  a  tightly  fitting  ring.  Acetylate  for  30  minutes,  add  3  ml. 
of  distilled  water  through  the  condenser,  and  hydrolyze  by  heat¬ 
ing  for  2  minutes  longer  if  no  carboxyl  groups  are  present  or  30 
minutes  longer  if  the  sample  contains  organic  acids. 

Add  1  ml.  of  pyridine  to  the  cup  and  disconnect  the  flask  m  such 
a  manner  that  the  pyridine  rinses  the  condenser  tip.  Loosely  in¬ 
sert  a  stopper  and  immediately  cool  the  flask  to  room  temperature 
under  running  water.  Add  3  ml.  of  n-butanol  to  the  cup  and 
loosen  the  stopper  so  that  the  stopper  and  the  walls  of  the  flask 
are  rinsed.  Add  3  drops  of  the  mixed  indicator  and  cover  the 
flask  with  a  rubber  dam,  held  in  place  by  a  rubber  band,  to  pre¬ 
vent  the  contents  from  absorbing  carbon  dioxide  from  the  air 
near  the  end  of  the  titration.  Insert  the  buret  tip  through  a  pin¬ 
hole  in  the  dam  and  titrate  the  excess  of  acetic  acid  and  any  acid 
in  the  sample  with  0.1  N  alcoholic  sodium  hydroxide  until  the 
solution  changes  to  gray  (volume  A) .  _ 

Make  a  blank  determination  on  the  acetic  anhydride-pyridme 
solution  (volume  B) .  Determine  any  free  acid  as  described  in  the 
macroprocedure  or  by  dissolving  the  sample  in  ethanol  which  has 


Table  I.  Effect  of  Strength  and  Age  of  Acetic  Anhydride-Pyridine 
Mixture  on  Macrodetermination  of  Hydroxyl  in  Dihydroxystearie 
Acid  and  Oleyl  Alcohol 


Acetylating  Reagent 


Ratio  of 
anhydride 


to 

Volume, 

Sample 

pyridine 

ml. 

(1:7 

3 

Dihydroxystearie 

1 1 : 7 

6 

J 1 .7 

3 

acid® 

1:3 

3 

(.1:3 

3 

fi:7 

3 

Oleyl  alcohol  lb 

{ 1:7 

6 

3 

(1:3 

3 

%  Hydroxyl 


Age 

Found 

Average 

Fresh 

10.51 

10.29 

10.39 

Fresh 

10.54 

10.48 

10.51 

4  days 

10.38 

10.12 

10.25 

Fresh 

10.83 

10.78 

10.81 

4  days 

10.88 

10.74 

10.81 

Fresh 

5.20 

5.46 

5.33 

Fresh 

6.25 

6.24 

6.25 

4  days 

3.97 

3  49 

3.73 

Fresh 

6.30 

6.31 

6.31 

[1:7  3 

Oleyl  alcohol  2>>  jl'3  3 

Ills  3 


Fresh 

5.60 

5.34 

5. 47 

4  days 

4.59 

4.10 

4.35 

Fresh 

6.34 

6.39 

6 . 37 

4  days 

6.35 

6.40 

6.38 

a  Theoretical  %  OH  =  10.75; 
f>  Theoretical  %  OH  =  6.34; 


weight  of  sample  =  0.2  gram, 
weight  of  sample  =  0.8  gram. 
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Table  II.  Macrodetermination  of  Hydroxyl 


Indicator  Method 

Potentiometric  Method 

Theo¬ 

Sample 

1 

2 

Av. 

i 

2 

Av. 

retical 

% 

% 

% 

% 

% 

% 

% 

Dihydroxystearic  acid 

10.78 

10.73 

10.76 

10.72 

10.81 

10.77 

10.75 

M  onohydroxyst  earic 

acid 

5.60 

5.58 

5.59 

5.70 

5.62 

5.66 

5.69 

Oleyl  alcohol  1 

6.30 

6.31 

6.31 

6.34 

Oleyl  alcohol  2 

6.34 

6.39 

6.37 

6.34 

Methyl  ricinoleate 

5.47 

5.62 

5. 55 

5.44 

Cyclohexanol0  (East¬ 

man  Kodak  White 

Label) 

16.45 

16. 55 

16.50 

16.58 

16.58 

16.58 

16.81 

Benzyl  alcohol®  (East¬ 
man  Kodak  White 

Label) 

15.36 

15.35 

15.36 

15.35 

15.37 

15.36 

15.73 

No.  4588  (dark  colored)  b 

2.40 

2.76 

2.58 

2.50 

2.50 

No.  5565  (dark  colored) c 

2.05 

i .  96 

2.01 

No.  5687  (dark  colored)  & 

1.61 

1.51 

1.56 

a  Not  further  purified. 

b  Residues  left  in  pot  after  distillation  of  methyl  esters  of  fatty  acids. 
c  Residue  left  in  pot  after  distillation  of  an  oxidized  oleic  acid  polymer. 


been  previously  neutralized  (mixed  indicator),  and  titrating 
with  0.1  IV  alcoholic  sodium  hydroxide,  using  a  rubber  dam. 
From  this  titration  calculate  the  volume  of  0. 1  N  sodium  hydrox¬ 
ide  equivalent  to  the  free  acid  in  a  1-gram  sample  (volume  C). 
The  calculations  are  the  same  as  for  the  macroprocedure. 


DISCUSSION 

The  titration  curve  for  alcoholic  alkali  versus  acetic  acid  in  a 
pyridine-water-n-butanol-ethanol  solution  is  shown  in  Figure  3. 
The  point  of  color  change  for  the  mixed  indicator  in  this  solution 
was  at  pH  9.8.  Since  the  vertical  portion  of  the  curve  extends  be¬ 
tween  9.2  and  10.3,  a  pH  of  9.8  was  selected  for  the  potentiometric 
end  point  to  make  the  potentiometric  and  indicator  procedures 
interchangeable. 

As  indicated  in  Table  I,  both  the  age  and  the  strength  of  the 
acetic  anhydride-pyridine  acetylating  solution  are  important. 
The  reagent  made  by  mixing  1  volume  of  acetic  anhydride  with 
3  volumes  of  pyridine  gave  theoretical  results  and  remained  ef¬ 
fective  for  at  least  4  days.  A  1  to  7  acetic  anhydride-pyridine 
solution  was  so  dilute  that  it  resulted  in  incomplete  acetylation, 
as  shown  by  the  data  for  dihydroxystearic  acid  and  oleyl  alcohol. 
As  this  reagent  aged,  it  became  less  effective  as  an  acetylating 
agent,  giving  still  lower  results.  The  1  to  3  acetic  anhydride- 
pyridine  solution  permits  the  use  of  reagent  grade  pyridine  with¬ 


out  its  further  purification,  since  a  sufficient  ex¬ 
cess  of  the  acetic  anhydride  is  assured  for  com¬ 
plete  acetylation  of  the  sample,  even  though  some 
has  been  consumed  by  moisture  or  other  impuri¬ 
ties  in  the  pyridine. 

For  colorless  solutions,  identical  values  were 
obtained  by  the  indicator  method  and  the 
potentiometric  method,  as  shown  in  Table  II. 
Good  precision  was  obtained  with  both  methods. 
The  cyclohexanol  and  benzyl  alcohol,  Eastman 
Kodak  Company  White  Label  reagents,  were 
not  further  purified.  The  compounds  for  which 
theoretical  values  are  cited  were  established 
as  pure  by  such  physical  and  chemical  con¬ 
stants  as  iodine  value,  neutralization  equiva¬ 
lent,  saponification  equivalent,  melting  point, 
and  carbon  and  hydrogen  analysis. 

In  the  semimicroprocedure,  it  was  necessary 
to  carry  out  the  reaction  under  water-cooled 
condensers  to  prevent  the  loss  of  small 
amounts  of  acetic  anhydride  during  the  acetyla¬ 
tion.  This  loss  also  occurred  in  the  macroproce¬ 
dure,  but  here  it  was  so  small  that  it  was  not 
detected  by  titration  with  0.5  N  alkali. 

The  longer  hydrolysis  time  required  in  the  semi¬ 
microprocedure  for  samples  containing  organic  acids 
was  probably  due  to  the  formation  of  small  amounts 
of  mixed  anhydrides,  which  are  more  difficult  to  hy¬ 
drolyze  than  is  acetic  anhydride.  High  semimicro 
hydroxyl  values  were  obtained  with  the  2-minute 
hydrolyses,  probably  owing  to  the  failure  to  hydro¬ 
lyze  these  mixed  anhydrides  completely.  Since  high 
values  were  not  obtained  by  the  macroprocedure, 
it  was  assumed  that  only  small  amounts  of  mixed 
anhydride  were  formed  in  either  the  semimicro  or  the 
macromethods  and  that  the  amount  unhydrolyzed 
after  the  2-minute  heating  period  was  not  significant 
in  the  macroprocedure. 

To  obtain  accurate  hydroxyl  values  in  the  semi¬ 
microprocedure,  all  solutions  must  be  protected  from 
carbon  dioxide  during  the  titrations.  This  can  best 

_  be  done  by  covering  the  flask  with  a  rubber  dam  and 

inserting  the  tip  of  the  buret  through  a  pinhole  in  the 
dam. 

Table  III  presents  a  comparison  of  the  values  obtained  by  the 
semmicro-  and  macroprocedures. 

Groups  such  as  primary  and  secondary  amines,  and  sulfhydryl, 
which  contain  active  hydrogen  and  form  acetylated  products  not 
hydrolyzed  by  hot  water,  interfere  in  the  analysis.  Comparison 
of  the  method  of  Mitchell,  Hawkins,  and  Smith  (7)  for  determin¬ 
ing  primary  and  secondary  amines  with  the  one  herein  described 
indicates  that  it  may  be  possible  to  adapt  this  hydroxyl  method 
to  the  determination  of  these  amines  and  other  interfering  sub¬ 
stances  of  the  type  noted  above.  Any  compound  which  under¬ 
goes  condensation  to  produce  hydroxyl  groups,  such  as  aldehydes, 
interferes  in  the  procedure  described. 


Table  III.  Determination  of  Hydroxyl  by  Semimicromethod 


Sample 


Dihydroxystearic  acid 
Oleyl  alcohol  1 
Partheniol 

Cyclohexanol  (East¬ 
man  Kodak  White 
Label) 

Benzyl  alcohol  (East¬ 
man  Kodak  White 
Label) 


Semimicro  Values 

Aver¬ 

Macro 

i 

2 

3 

age 

Values 

Theory 

% 

%  . 

% 

% 

% 

% 

10.72 

10.79 

10.73 

10.75 

10.76 

10.75 

6.30 

6.38 

6.30 

6.33 

6.31 

6.34 

7.61 

7.65 

7.63 

7.64 

16.61 

16.58 

16.43 

16.54 

16.50 

16.81 

15.33 

15.29 

15.46 

15.36 

15.36 

15.73 
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Semimicro-Kjeldahl  Nitrosen  Determination 

IRVING  ALLAN  KAYE1  and  NATHAN  WEINER 
Research  Laboratory,  Endo  Products,  Inc.,  Richmond  Hill  18,  N.  Y. 


IN  THE  course  of  an  investigation  involving  the  preparation  of 
derivatives  of  a-aminopyridine,  a  convenient  and  accurate 
method  for  analyzing  these  compounds  was  needed.  At  the 
time  this  project  was  initiated,  the  Kjeldahl  nitrogen  method  of 
Pepkowitz  and  Shive  (S),  recently  published,  seemed  to  fill  this 
need.  These  authors  claimed  that  their  method,  in  which  per¬ 
chloric  acid  is  used  to  hasten  digestion  of  the  sample,  is  applicable 
to  the  semimicroanalysis  of  organic  compounds  and  reported 
some  results  bearing  out  this  contention. 

Several  nitrogen  heterocyclic  compounds,  prepared  in  this 
laboratory,  were  analyzed  by  their  procedure,  but  in  every  case 
the  result  obtained  was  much  lower  than  the  calculated  value. 
The  method  was  then  used  in  the  analysis  of  organic  compounds 
which  had  been  purified  by  repeated  recrystallizations  and  then 
thoroughly  dried.  Table  I  shows  that  low  values  were  obtained 
in  every  analysis. 

When  2  to  10  mg.  of  nitrogen,  in  the  form  of  ammonium  sulfate, 
were  carried  through  the  method,  no  loss  of  nitrogen  v>  as  ob¬ 
served,  even  with  long  periods  of  digestion.  It  seems,  therefore, 
that  loss  of  nitrogen  occurred  before  the  nitrogen  in  the  organic 
compound  was  converted  to  ammonium  hydrogen  sulfate. 

The  Kjeldahl  nitrogen  method  described  by  Clark  ( 1 )  was  se¬ 
lected  next  and  used  in  the  analysis  of  several  well-known  pure 
organic  compounds  and  research  preparations.  Excellent  results 
were  obtained  in  all  but  one  case  (see  Table  I) .  Nitrogen  hetero¬ 
cyclic  compounds  and  nitro  compounds  (polynitro  compounds, 
too,  were  accurately  analyzed)  as  well  as  amines  and  amides 
yielded  their  nitrogen  quantitatively  in  this  method  of  digestion. 
Clark  (I)  found  that  the  method  has  its  limitations  in  the  cases 
of  certain  semicarbazones.  To  these  must  be  added  amino- 
pyrine  which  gave  low  results  on  analysis. 

Several  slight  changes  were  made  in  the  method  in  order  to 
adapt  it  to  the  facilities  at  the  authors’  disposal.  These  modifi¬ 
cations,  it  is  believed,  make  the  method  easier  to  use  in  the  aver¬ 
age  organic  laboratory,  where  the  Kjeldahl  nitrogen  method  is 
not  a  frequent  analysis,  and  increase  its  accuracy. 

The  sample  is  weighed  by  difference  on  aluminum  foil  rather 
than  on  cigaret  paper.  Less  time  is  consumed  in  the  weighing 
and  digestion  of  the  sample  (since  it  is  no  longer  necessary  to  di¬ 
gest  the  paper  in  addition  to  the  sample)  and  a  smaller  blank  is 
obtained  (the  cigaret  paper  contains  an  appreciable  amount  of 

nitrogen).  .  ,.  , 

Ordinary  test  tubes,  175  mm.  long  with  an  internal  diameter  ol 
20  mm.,  are  substituted  for  the  digestion  flasks.  (These  test 
tubes  can  be  heated  in  an  ordinary  digestion  rack  with  micro¬ 


burners  rather  than  with  the  more  elaborate  electric  heaters.) 
Less  wash  water  is  needed  in  transferring  the  digested  sample 
quantitatively  to  the  distilling  apparatus.  The  resulting  smaller 
volume  of  liquid  to  be  steam-distilled  lessens  the  likelihood  of  the 
alkaline  reaction  mixture  bumping  over  into  the  distillate. 

The  mercuric  oxide  and  potassium  sulfate  used  in  the  digestion 
are  more  conveniently  used  in  the  form  of  an  intimate  mixture 
which  can  be  added  with  a  spatula  made  from  a  190-mm.  length 
of  glass  tubing  6  mm.  in  inside  diameter,  sealed  near  one  end  in 


Table  I.  Determination  of  Nitrogen 


Name  or  Type  Molecular 

of  Compound  Formula 


3-Nitro-4-amino- 

phenetole  C8H10N2O3 

3-Nitro-2-amino- 

toluene  C7H8N2O2 

o-Dinitrobenzene  C6H4N2O4 


Sulfanilamide  C1H8N2O2S 


Sulfathiazole  C9H9N3O2S 


Phenobarbital 

Aminopyrine 

Theobromine 

Acetophenetidin 


C12H12O3N2 

C13H17ON3 

C7H8O2N4 

C10H13O2N 


2-Aminopyridine  CsH6N2 

K-88Aa  C*H240N2Cl2 


W-105&  C8H*02NS 

W-106&  C8H9O2NS 


W-145& 

W-143A& 

W-143B& 

W-143C& 

K-157c»<* 

K-150c»<*,« 

K-170c*<*»« 

K-174c 

K-175c 

K-137c*e 


CsHiChNS 

CfHnOiN2S 

C»HhOiN2S 

C9H11O3N2 

Cl4Hl3N304 

C22H20O11N6 

C24H24O11N6 

C16H19O3N2 

C18H23O2N3 

C22H21O9N5 


K-143c»e  C24H25O9N5 

Thebaine  C19H21O3N 

Dihydrothebaine  C19H23O3N 

Dihydrocodeinone  C18H21O3N 

a  Substituted  diamine. 
b  Derivative  of  aminophenol 
containing  thio  or  thiol  group. 


Nitrogen  Found 


Method  of 

Modified 

Nitrogen 

Pepkowitz 

method  of 

and  Shive 

Clark 

Calculated 

% 

13.41 

% 

% 

13.40 

10.21 

15.38 

10.65 

18.42 

12.40 

16.67 

12.48 

15.59 

16.28 

16.27 

15.77 

16.26 

16.46 

15.85 

16.47 

15.78 

16.60 

16.57 

11.87 

12.11  12.09 

12.05 

11.82 

12.30  11.95 

11.93 

14.73 

18.18 

11.87 

14.57 

30.67 

31.44 

31.11 

29.96 

31.56 

7.82 

7.23 

7.82 

7.18 

7.78 

7.86 

28.90 

28.99 

29.73 

29.77 

10.06 

9.89 

11.45 

11.33 

6.80 

7.73 

7.65 

6.89 

7.73 

7.65 

7.65 

7.72 

7.68 

7.65 

12.44  12.58 

12.41  12.36 

12.39 

12.46 

12.39 

12.40 

12.39 

14.52  14.59 

14.63 

14.63 

15.31 

15.47 

14.70  14.74 

14.56 

14.68 

14.73 

14.77 

14.73 

13.39 

13.41 

13.37 

14.03 

14.04  14.10 

13.94 

13.15 

13.28 

13.24 

4.48 

4.50 

4.51 

4.47 

4.59 

4.68 

c  Derivative  of  a'-aminopyridine. 
d  Compound  contains  nitro  group. 
e  Salt  of  picric  acid. 


1  Present  address,  Brooklyn  College,  Brooklyn,  N.  Y. 
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a  sharp  flame  and  bent  at  right  angles  to  the  remainder  of  the 
tubing  so  as  to  form  a  cup  19  mm.  in  height.  The  cup  delivers 
about  500  mg.  of  the  mixture. 

The  mixed  indicator  of  Ma  and  Zuaga  (2)  gives  a  sharper  end 
point  in  the  final  titration  than  the  methyl  red  indicator  recom¬ 
mended  by  Clark.  The  end  point  is  reached  when  the  solution 
is  almost  colorless,  the  sharp  interval  between  the  red  color  of  the 
acid  solution  and  the  green  color  of  the  alkaline  solution.  Two 
milliliters  of  2%  boric  acid  solution  are  used  instead  of  the  same 
volume  of  the  4%  solution. 

A  more  precise  end  point  is  obtained  by  titrating  the  distillate 
with  0.3  N  hydrochloric  acid  until  the  indicator  turns  red  and 
then  back-titrating  with  approximately  0.003  N  sodium  hydrox¬ 
ide,  standardized  before  use,  until  the  solution  becomes  almost 
colorless. 

If  an  ordinary  laboratory  balance,  damped  or  undamped, 
rather  than  a  semimicro-  or  microbalance,  is  the  only  means  of 
weighing  the  sample,  as  is  the  case  in  this  laboratory,  samples  of 
20  =*=  3  mg.  should  be  used  in  the  analysis.  The  factor  of  sensi¬ 
tivity  of  the  balance  should  be  adjusted  to  0.10  to  0.12  in  order 
to  weigh  a  sample  of  this  magnitude  with  the  accuracy  demanded 
by  the  method.  It  is  advisable,  also,  to  use  calibrated  weights. 
The  volume  of  distillate  collected  in  the  steam-distillation  is 
extremely  important  and  depends  upon  the  amount  of  nitrogen 
in  the  sample.  For  samples  containing  up  to  5  mg.  of  nitrogen, 


Clark  recommends  collecting  a  volume  of  8  ml.  with  the  tip  of  the 
condenser  under  the  surface  of  the  boric  acid  solution  and  1  ml. 
more  with  the  end  of  the  condenser  above  the  surface  of  the  boric 
acid.  For  the  amounts  of  nitrogen  that  may  be  found  in  samples 
of  about  20  mg.  it  has  been  found  safer  to  collect  13  ml.  of  dis¬ 
tillate  followed  by  2  ml.  more  for  washing  down  the  sides  of  the 
receiver  (a  50-ml.  Erlenmeyer  flask). 

With  these  changes  the  Kjeldahl  nitrogen  determination  can  be 
carried  out  in  a  relatively  short  period  of  time,  as  contrasted  with 
such  time-consuming  procedures  as  the  carbon  and  hydrogen  or 
Dumas  determinations,  on  small  amounts  of  sample  and  with  the 
analytical  equipment  usually  found  in  the  average  organic  re¬ 
search  laboratory.  After  a  few  runs,  results  within  1  %  of  theory, 
with  an  average  error  of  =*=0.5%,  can  be  obtained. 
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Microdetermination  of  Copper  with  the  Polarograph 


CHRISTOPHER  CARRUTHERS,  The  Barnard  Free  Skin  and  Cancer  Hospital  and  Washinston  University,  St.  Louis,  Mo. 


COPPER  was  first  determined  by  amperometric  titration  by 
precipitation  with  salicylaldoxime  by  Neuberger  (4). 
However,  it  was  thought  feasible  to  determine  copper  by  measur¬ 
ing  the  amounts  of  salicylaldoxime  removed  by  cupric  ions  under 
the  right  conditions  rather  than  by  measuring  the  diffusion 
current  of  copper. 

APPARATUS  AND  REAGENTS 

Heyrovsky  polarograph,  Model  XI  (E.  H.  Sargent  &  Co.). 
Phosphate  buffer  mixtures,  pH  5.4,  0.067  M  and  0.083  M  with 
respect  to  both  disodium  phosphate  and  monopotassium  phos¬ 
phate. 

Standard  copper  solution  made  approximately  0.06  N  from 
copper  sulfate  and  the  copper  content  determined  iodometrically 
by  the  method  of  Foote  and  Vance  (3). 

Salicylaldoxime  (Eastman),  the  oxime  content  of  which  was 
determined  by  adding  a  weighed  sample  of  the  oxime  in  95%  alco¬ 
hol  to  an  excess  (calculated)  of  the  diluted  standard  copper  solu¬ 
tion,  and  the  copper  salt  of  the  salicylaldoxime  precipitated  by 
the  procedure  of  Biefeld  and  Howe  (l).  Representative  samples 
of  the  lot  used  throughout  this  work  contained  99.34%  salicyl¬ 
aldoxime. 

The  stock  solutions  of  salicylaldoxime  were  kept  in  the  ice  box 
until  ready  for  use.  A  solution  of  3.61  X  10“4Af  oxime  as  pre¬ 
cipitant  was  prepared  as  follows:  To  20  ml.  of  the  alcoholic  stock 
solution  (1000  mg.  of  oxime  dissolved  in  100  ml.  of  95%  alcohol) 
in  a  200-ml.  volumetric  flask  were  added  180  ml.  of  0.067  M  phos¬ 
phate  buffer,  the  resulting  mixture  being  0.059  M  in  phosphate 
buffer  and  7.22  X  10“ 3  M  in  salicylaldoxime.  Then  5  ml.  of  this 
solution  were  made  up  to  100  ml.  in  a  volumetric  flask  with 
0.067  M  buffer  to  give  3.61  X  10“4  M  oxime  in  the  buffer  mixture 
of  about  0.065  M. 

EXPERIMENTAL 

Effect  of  pH  upon  Current-Voltage  Curves  of  Sali¬ 
cylaldoxime.  The  influence  of  pH  was  studied  to  ascertain  at 
what  pH  (necessarily  above  that  at  which  copper  is  quantita¬ 
tively  precipitated,  1 )  the  best  defined  current- voltage  curves 
could  be  obtained.  The  results  are  shown  in  Table  I;  maxi¬ 
mum  height  of  the  wave  occurred  at  pH  3.7  and  5.4. 

The  calibration  data  (Table  II)  were  obtained  by  dissolving 
1000  mg.  (993.4  mg.  of  oxime)  of  salicylaldoxime  in  100  ml.  of 
95%  alcohol  to  make  the  stock  solution.  By  diluting  portions  of 
this  alcoholic  solution  with  0.067  M  phosphate  buffer,  1.4  to  7.2  X 
10“ 4  M  solutions  were  made.  Finally  portions  of  the  latter  were 


diluted  with  the  buffer  solution  to  make  0.578  to  4.309  X  10“ 4  M 
solutions  of  salicylaldoxime,  all  of  which  had  practically  the  same 
low  ethanol  content. 

The  diffusion  currents  were  measured  (4)  and  the  polarograms 
made  after  placing  the  salicylaldoxime  solutions  in  shell  vials  and 
then  removing  any  oxygen  with  a  stream  of  nitrogen  bubbles. 
The  rate  of  flow  of  mercury  for  the  capillary  in  milligrams  per 
second,  m,  and  the  drop  time  in  seconds  (-5)  were  measured  at  a 
potential  of  — 1.2  volts  (in  the  supporting  electrolyte)  with  respect 
to  the  saturated  calomel  electrode.  For  the  0.575  to  4.309  X 
10“4  M  salicylaldoxime  solutions  id/C  is  constant  (Table  II)  and 
either  the  relationship  id/C  =  K  or  a  calibration  curve  can  be 
used  for  the  analysis  of  copper. 

PROCEDURE  FOR  STANDARD  COPPER  SOLUTIONS 

The  copper  sulfate  standard  stock  solution  was  diluted  with 
distilled  water  to  make  various  concentrations  of  cupric  ions. 
Various  dilutions  of  other  standard  copper  sulfate  stock  solution 
were  prepared  and  samples  not  exceeding  10  ml.  were  delivered 
from  recalibrated  pipets  into  50-ml.  volumetric  flasks.  Samples 
of  less  than  10  ml.  were  made  up  to  10  ml.  by  the  addition  of  dis¬ 
tilled  water.  Then  40  ml.  of  0.083  M  phosphate  buffer  contain¬ 
ing  salicvlaldoxime  were  added,  so  that  the  final  molarity  was 
0.067  M.  A  blank  without  cupric  ions  but  containing  10  ml.  of 
distilled  water  was  diluted  to  the  mark  with  the  salicylaldoxime- 
phosphate  buffer  solution.  This  blank  gave  the  amount  of 
salicylaldoxime  originally  present.  Blank  and  standards  were 
allowed  to  stand  overnight  to  ensure  complete  precipitation  of  the 
copper  salt  in  the  standards.  After  determining  the  amount  of 
oxime  left  in  solution  from  the  calibration  curve  after  precipita¬ 
tion  of  the  copper  salt,  the  amount  of  copper  recovered  was  easily 
calculated.  The  recovery  of  copper  from  0.1516  to  0.6029  mg.  is 
shown  in  Table  III,  the  error  being  from  1  to  3%.  Molarities  of 
the  salicylaldoxime  solutions  used  for  precipitation  are  also  shown. 

Sam-ple  Calculation.  The  blank  containing  distilled  water  and 
salicylaldoxime  in  50  ml.  gave  a  diffusion  current  of  L49  micro¬ 
amperes  (corrected)  which  corresponded  to  1.86  X  10“ 4  M  sali¬ 
cylaldoxime  from  the  calibration  curve.  A  sample  containing 
0.1904  mg.  of  copper  in  50  ml.  had  a  corrected  diffusion  current  of 
0.50  microampere  which  was  equivalent  to  0.62  X  10“4M  sali¬ 
cylaldoxime.  Then  1.86  X  10“4  -  0.62  X  10“4  gave  1.24  X 
10“ 4  M  salicylaldoxime  removed  by  cupric  ions.  In  milligrams 
of  salicylaldoxime  this  amounted  to  1.24  X  10“ 4  X  137.4  or 
0.017  gram  or  1.7  mg.  per  liter,  or  0.085  mg.  in  50  ml.  Since  1 
mg.  of  salicylaldoxime  will  precipitate  0.2314  mg.  of  copper,  the 
copper  recovered  was  0.085  X  0.2314  or  0.1966  mg. 

Solutions  of  such  saiicylaldoxime  concentration  should  be 
used  that  the  difference  between  the  diffusion  current  of  the 
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blank  and  of  the  lowest  concentration  of  copper  is  sufficient  for 
accurate  measurement. 

For  the  determination  of  small  quantities  of  copper  either  the 
molarity  of  the  salicylaldoxime  has  to  be  decreased,  or  the  pre¬ 
cipitation  reaction  must  be  carried  out  in  a  smaller  volume,  so 
that  the  difference  in  the  diffusion  current  between  the  blank 
and  the  standard  will  be  large  enough  for  accurate  measurement. 

For  3.8  to  22.8  micrograms  of  copper  about  1  X  10“ 5  M  sali¬ 
cylaldoxime  in  50  ml.  would  give  a  sufficient  difference  in  the 
measurement  of  id  but  it  was  found  that  the  oxime  was  not  suf¬ 
ficiently  concentrated  to  precipitate  the  copper.  Then  the  stand¬ 
ards  were  delivered  to  5-  and  10-ml.  volumetric  flasks  and  diluted 
with  4  or  8  ml.,  respectively,  of  0.083  M  buffer  containing  about 
1.15  X  10“ 4  M  salicylaldoxime.  Precipitation  occurred  im¬ 
mediately  and  since  a  few  micrograms  of  copper  were  sufficient  to 
lower  the  oxime  molarity  below  that  of  the  blank,  an  accurate 
measurement  of  id  was  possible.  The  results  on  the  recovery  of 
3.8  to  74  micrograms  of  copper  are  shown  in  Table  III ;  3.8  to  15.2 
micrograms  could  be  determined  with  an  error  of  about  3%. 
As  with  the  larger  amounts  of  copper,  the  volumetric  flasks  were 
allowed  to  stand  overnight  to  ensure  complete  precipitation  of 
the  copper  salt  of  salicylaldoxime. 

INFLUENCE  OF  OTHER  IONS 

Since  this  method  was  devised  primarily  for  the  determination 
of  copper  in  animal  tissue,  the  effect  of  sodium,  potassium,  cal¬ 
cium,  magnesium,  and  iron  upon  the  recovery  of  small  amounts 
of  copper  was  investigated.  In  the  majority  of  animal  tissues 
iron  is  the  only  element  found  in  sufficient  amount  that  might 
interfere.  Since  the  author  has  already  completed  the  mineral 
analysis  of  normal  and  hyperplastic  epidermis  ( 2 ),  it  was  possible 
to  calculate  the  amount  of  each  mineral  found  in  the  epidermis 
per  mouse  and  to  ascertain  their  effect  upon  the  procedure. 

Assuming  that  the  hyperplastic  epidermis  from  20  mice  would 
be  used  for  an  analysis,  and  calculating  the  amount  of  minerals 
that  would  be  present  in  5  ml.  of  buffer-salicylaldoxime  solution, 
the  latter  was  made  up  to  contain  the  following  metals  as  chlo¬ 
rides: 

1.7  X  10- 2  AT  in  K;  1.4  X  10“4  M  in  Na;  1.5  X  1CU3  M  in  Mg; 
2.0  X  10_4M  in  Ca;  1.33  X  10 ~3  M  in  Fe  (ferric) 

The  amount  of  iron  added  was  in  the  ratio  of  20  Fe  to  1  Cu,  a 
ratio  exceeding  that  found  in  normal  and  hyperplastic  epidermis 
according  to  preliminary  work.  When  the  mineral  mixture  was 
added  to  the  phosphate  buffer,  ferric  phosphate  precipitated  im¬ 
mediately,  but  the  solution  was  used  without  filtering  to  determine 
its  effect  upon  the  recovery  of  small  amounts  of  copper. 


Table  I.  Wave-Height  Change  for  Approximately  1  X  10  4M 
Salicylaldoxime  with  pH  of  Supporting  Electrolyte 


Supporting 

Diffusion  Current' 

Electrolyte 

pH 

(Uncorrected) 

Microamperes 

Potassium  acid  phthalate 

3.7 

1.54 

Phosphate  buffer 

5.4 

1.47 

Phosphate  buffer 

6.7 

1.00 

Phosphate  buffer 
NHiCl-NHiOH 

7.8 

0.27 

9.1 

No  wave 

°  Constants  for  dropping  mercury  electrode:  m  —  1.657  mg.  sec.-1;  t  = 
2.99  sec.;  ft  =  53  cm.  Diffusion  current  measured  at  —  1.2  volts  with  respect 
to  saturated  calomel  electrode. 


Table  II.  Calibration  Data  for  Salicylaldoxime 

(Various  concentrations  of  salicylaldoxime  in  0.067  M  phosphate  buffer  of 
pH  5.4  at  25°  C.  Air  removed  with  nitrogen,  ft  =  64  cm.  t  =  2.74  sec. 
m  =  1.015  mg.  sec.-1.  Diffusion  currents  measured  at  —1.2  volts  with  re¬ 
spect  to  saturated  calomel  electrode) 


Salicylaldoxime 

Observed 

Corrected 

id/C 

M  X  10  ~' 

Microamperes 

Microamp./ mmole/ 1. 

4.309  - 

3.51 

3.42 

7.94 

3.600 

2.95 

2.86 

7.94 

2.884 

2.37 

2.28 

7.90 

2.156 

1.79 

1.70 

7.88 

1.800 

1.54 

1.45 

8.05 

1.437 

1.25 

1.16 

8.07 

0.575 

0.56 

0.47 

8.17 

0.000 

0 . 09“ 

‘  Residual  current  of  supporting  electrolyte  alone. 

Table  III.  Assay  of  Known  Copper  Sulfate  Solutions 


Molarity  of 

Copper 

Copper 

Salicylaldoxime 

Added 

Recovered 

Difference 

M  X  10-' 

Mg. 

Mg. 

Mg. 

6.3 

0.6029 

0.6096 

-0.0067 

3.4 

0 . 4556 

0.4506 

-0.0050 

3.4 

0.3799 

0.3729 

-0.0070 

3.4 

0.3048 

0.3015 

-0.0033 

1.8 

0.1904 

0.1966 

+  0.0062 

1.8 

0.1516 

0.1490 

-0.0026 

0 . 90  to  1  17 

0 . 0759 

0.0761 

+0.0002 

0.0570 

0.0571 

+  0.0001 

0.0381 

0.0373 

-  0 . 0008 

0.0228 

0.0232 

+  0.0004 

0.0152 

0.0155 

+  0.0003 

0.0076 

0.0078 

+  0.0002 

0.0038 

0 . 0039 

+  0.0001 

Table  IV.  Assay  of  Known  Copper  Sulfate  Solutions 

[In  presence  of  Na,  K,  Mg,  Ca,  and  Fe  (ferric)  chlorides] 


Molarity  of 

Copper 

Copper 

Salicylaldoxime 

Added 

Recovered 

Difference 

M  X  10-* 

Micrograms 

Micrograms 

Micrograms 

0.94  to  0.96 

38.0 

38.9 

-0.9 

30.4 

31.3 

+  1.1 

22.8 

23.8 

+  1.0 

7.6 

7.3 

-0.3 

3.8 

3.6 

-0.2 

Since  3.8  to  30.4  micrograms  could  be  recovered  with  an  error 
of  4  to  5%,  the  effect  of  the  minerals  was  not  appreciable  (Table 
IV).  Under  the  conditions  in  these  experiments  ferric  phosphate 
does  not  react  with  the  salicylaldoxime  nor  does  ferric  iron  pro¬ 
duce  a  diffusion  current.  However,  the  residual  current  of  the 
mineral  phosphate  buffer  mixture  was  0.14  microampere. 

The  importance  of  having  the  same  composition  of  supporting 
electrolyte  in  the  calibration  data  and  in  the  determination  of 
unknowns  is  exemplified  by  the  fact  that  iT  was  increased  by 
0.05  microampere  by  the  presence  of  the  minerals  added.  Al¬ 
though  this  was  a  small  increase,  it  affected  id  considerably  when 
the  concentration  of  salicylaldoxime  was  low. 

Zinc  interferes  in  the  determination  of  copper,  since  the  current- 
voltage  curve  of  this  metal,  which  is  not  precipitated  as  a  salicyl¬ 
aldoxime  salt  under  the  conditions  of  this  experiment,  starts  at 
about  — 1.0  volt  with  respect  to  the  saturated  calomel  electrode 
and  thus  makes  impossible  the  measurement  not  only  of  ir  (in 
the  presence  of  material  containing  zinc)  but  also  of  id  of  salicyl¬ 
aldoxime  since  both  waves  plateau  at  about  the  same  applied  po¬ 
tential.  Zinc  interferes  also  at  pH  3.7  and  6.7. 

SUMMARY 

Salicylaldoxime  was  investigated  as  a  reagent  for  the  polaro- 
graphi*  determination  of  small  amounts  of  copper. 

It  was  found  that  the  diffusion  current  of  this  reagent  in  a 
phosphate  buffer  mixture  of  pH  5.4  is  proportional  to  its  concen¬ 
tration,  and  that  the  wave  height  decreased  from  pH  3.7  to  7.8, 
disappearing  at  pH  9.1.  The  half-wave  potential  of  salicylal¬ 
doxime  at  pH  5.4  is  around  —0.98  volt  with  respect  to  the  sat¬ 
urated  calomel  electrode.  From  0.1516  to  0.6029  mg.  of  copper 
can  be  determined  with  an  error  of  about  1  to  3%,  and  3.8  to 
15.2  micrograms  with  an  error  of  about  3%. 

Sodium,  potassium,  calcium,  magnesium,  and  ferric  iron  do  not 
interfere,  whereas  zinc  interferes  strongly. 
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Spectrophotometric  Method  for  Determining  Formaldehyde 

CLARK  E.  BRICKER  and  HILDING  R.  JOHNSON 
Research  Laboratories,  Heyden  Chemical  Corporation,  Garfield,  N.  J. 


ALTHOUGH  there  have  been  many  publications  dealing 
with  the  determination  of  formaldehyde  and  higher  ali¬ 
phatic  aldehydes,  no  reference  has  been  found  to  a  specific  spec¬ 
trophotometric  method  for  determining  formaldehyde. 

Deniges  ( 3 )  suggested  a  method  for  detecting  formaldehyde 
in  the  presence  of  higher  aliphatic  aldehydes  by  making  use  of 
the  fact  that  the  color  produced  by  acetaldehyde  and  higher 
aldehydes  with  Schiff’s  reagent  disappears  on  standing  a  few 
hours,  whereas  that  given  by  formaldehyde  increases  in  intensity. 
Blaedel  and  Blacet  (I)  have  made  this  method  semiquantitative 
by  using  a  colorimeter  to  measure  the  magenta  color  after  the 
solution  has  stood  6  hours. 

This  method,  involving  Schiff’s  reagent,  leaves  much  to  be  de¬ 
sired:  Because  of  the  instability  of  the  fuchsin  reagent,  it  is 
necessary  to  make  up  fresh  standards  every  day.  For  rapid 
control  work,  6  hours  is  too  long  a  period  to  wait  for  a  formalde¬ 
hyde  determination.  On  standing  6  hours,  a  slight  magenta 
color  is  sometimes  obtained  from  the  reagent  alone. 

More  recently,  Hoffpauir,  Buckaloo,  and  Guthrie  ( 6 )  have 
suggested  a  method  for  determining  combined  formaldehyde  in 
organic  compounds  involving  a  hydrolysis  in  12  N  sulfuric  acid 
followed  by  a  formaldehyde  determination  according  to  the 
method  of  Blaedel  and  Blacet  (1 ).  Because  this  method  gave  un¬ 
satisfactory  results  when  applied  to  certain  formals  and  a  rapid 
and  sensitive  method  was  needed  for  determining  formaldehyde 
in  the  presence  of  higher  aliphatic  aldehydes,  a  search  was  made 
for  a  reaction  which  would  lead  to  a  specific  test  for  formalde¬ 
hyde. 

Eegriwe  (5)  proposed  chromotropic  acid  ( 1,8-dihydroxy  naph¬ 
thalene-3, 6-disulfonic  acid)  as  a  spot  reagent  for  detecting  form¬ 
aldehyde.  He  recommended  heating  a  drop  of  the  solution  to 
be  tested  for  formaldehyde  with  a  small  amount  of  chromotropic 
acid  in  72%  sulfuric  acid  for  10  minutes  at  60°  C.  Formalde¬ 
hyde  gave  a  purple  color,  whereas  acetaldehyde,  propionaldehyde, 
butyraldehyde,  isobutyraldehyde,  isovaleraldehyde,  croton- 
aldehyde,  chloral  hydrate,  glyoxal,  benzaldehyde,  salicylalde- 
hvde,  phthalic  aldehyde,  vanillin,  and  cinnamic  aldehyde  gave 
no  reaction.  Glyceric  aldehyde  gave  a  yellow  color  and  furfural 
gave  a  brownish  color.  Acetic  acid,  formic  acid,  oxalic  acid, 
acetone,  glycerol,  glucose,  and  mannose  also  gave  no  reaction  in 
the  spot  test. 

Boyd  and  Logan  (2)  used  chromotropic  acid  for  the  colorimet¬ 
ric  determination  of  formaldehyde  which  was  liberated  from 
serine  by  periodate  oxidation  and  then  distilled  from  the  reac¬ 
tion  mixture.  These  authors  used  a  Duboscq  colorimeter  for 
their  measurements,  and  state  that  for  an  accuracy  of  2%  the 
unknown  should  have  a  formaldehyde  concentration  within  50% 
of  the  standard. 

It  seemed  likely,  therefore,  that  chromotropic  acid  was  specific 
for  formaldehyde  and  if  proper  conditions  could  be  found  for 
developing  the  purple  color,  a  spectrophotometric  method  could 
be  obtained. 

RECOMMENDED  PROCEDURE 

Prepare  a  solution  of  chromotropic  acid  by  dissolving  2.5 
grams  of  the  dry  powder  in  25  ml.  of  water,  and  filter  if  there  is 
any  insoluble  material.  Although  this  solution  gradually  changes 
color  on  standing,  it  is  perfectly  stable  as  far  as  color  develop¬ 
ment  is  concerned  for  2  weeks.  However,  since  the  color  of  the 
reagent  does  change  on  standing,  it  is  desirable  to  run  a  reagent 
blank  each  day  and  make  all  readings  for  the  day  against  this 
blank.  The  calibration  curve  remains  the  same  if  this  pre¬ 
caution  is  observed. 

The  sample  to  be  analyzed  should  not  contain  over  100  micro¬ 
grams  of  formaldehyde  and  should  have  a  volume  of  0.4  to  0.9 
ml.  If  a  dry  sample  is  to  be  analyzed,  take  a  suitable  weight  of 
sample  in  a  test  tube  (18  X  150  mm.,  preferably  glass-stoppered) 
and  add  0.5  ml.  of  water  to  it.  After  0.5  ml.  of  the  chromotropic 
acid  solution  is  added,  slowly  pour  5  ml.  of  concentrated  sulfuric 


1  Since  the  galley  proof  of  this  papar  was  received,  an  article  by  D.  A. 
MacFayden,  J.  Biol.  Chem .,  158,  107  (1945),  has  appeared  in  which  chromo- 
tropic  acid  is  tested  under  different  conditions,  but  which  substantiates  the 
results  of  this  paper. 


acid  into  the  test  tube  with  continuous  shaking.  Then  stopper 
the  test  tube  and  place  it  in  a  beaker  of  boiling  water  for  30 
minutes.  Cool  the  test  tube  and  after  diluting  the  contents  of 
the  test  tube  and  cooling  again,  dilute  the  solution  to  approxi¬ 
mately  50  ml.  in  a  volumetric  flask.  When  the  diluted  solution 
has  reached  room  temperature,  adjust  the  volume  accurately 
to  50  ml.  and  read  the  transmission  of  the  colored  solution  against 
a  reagent  blank  at  570  mju.  Then,  after  the  extinction  (extinc¬ 
tion  =  log  1  /T)  for  the  solution  is  computed,  the  amount  of 
formaldehyde  equivalent  to  this  extinction  can  be  evaluated  from 
the  calibration  curve.  The  percentage  of  formaldehyde  in  the 
sample  is  calculated  by  dividing  the  weight  of  formaldehyde 
found  by  weight  of  the  original  sample  and  multiplying  by  100. 

EXPERIMENTAL 

In  the  preliminary  experiments,  a  small  amount  of  formalde¬ 
hyde  in  1  ml.  of  solution  in  a  test  tube  was  treated  with  60  mg. 
of  chromotropic  acid  and  5  ml.  of  72%  sulfuric  acid  and  then 
heated  at  60°  C.  ^  1°  for  1  hour  in  a  constant-temperature  bath. 
After  this  solution  was  diluted  to  50  ml.,  a  transmission  curve 
(using  a  spectral  band  width  of  2  to  4  m^u)  was  run.  A  mini¬ 
mum  in  the  transmission  curve  was  found  at  570  m^i.  However, 
when  an  attempt  was  made  to  set  up  a  calibration  curve  by 
plotting  the  extinction  versus  the  concentration  of  formaldehyde, 
a  concave  curve  instead  of  a  straight  line  was  obtained. 

The  conditions  which  affect  the  development  of  the  purple 
color  were  then  critically  investigated.  Technical  chromotropic 
acid  as  obtained  from  one  source  was  lumpy  and  was  found  to 
contain  about  40%  sodium  chloride.  When  this  technical  re¬ 
agent  was  used,  erratic  results  were  obtained.  Before  any  con¬ 
clusive  work  could  be  done,  it  was  necessary  to  have  some  fairly 
pure  chromotropic  acid. 

This  technical  reagent  can  be  purified  by  dissolving  10  grams 
in  100  ml.  of  water,  filtering  off  the  insoluble  material,  evaporating 
the  filtrate  to  8  to  10  ml.,  and  then  adding  about  250  ml.  of  etha¬ 
nol.  A  nearly  white  crystalline  material  separates  which  can  be 
filtered  and  dried.  It  was  found  later  that  chromotropic  acid 
obtained  from  the  Eastman  Kodak  Company,  although  sold  as  a 
practical  grade,  contains  little  or  no  chloride  and  can  be  used 
without  purification.  Chromotropic  acid  for  spot  tests  (ST-13) 
from  Paragon  Testing  Laboratories  was  equivalent  to  the  puri¬ 
fied  material.  Eastman  Kodak  reagent,  spot  test  reagent,  and 
the  purified  chromotropic  acid  gave  identical  results. 

In  the  preliminary  experiments,  the  conditions  for  color  forma¬ 
tion  had  to  be  carefully  duplicated  in  order  to  ensure  reproducible 
results.  In  this  connection,  it  was  found  that  the  intensity  of 
color  increased  slowly  when  the  reaction  mixture  was  heated  for 
longer  than  1  hour  at  60°  C.  Therefore,  it  seemed  likely  that  a 
higher  temperature  for  heating  the  mixture  and  a  higher  sulfuric 
acid  concentration  would  give  more  sensitive  and  possibly  more 
uniform  results. 

Accordingly,  50  mg.  of  chromotropic  acid  in  0.5  ml.  of  water 
were  added  to  50  micrograms  of  formaldehyde  in  0.5  ml.  of  water 
in  test  tubes.  These  solutions  were  treated  with  various  amounts 
of  concentrated  sulfuric  acid.  The  solutions  were  heated  for  30 


Table  I.  Effect  of  Sulfuric  Acid  Concentration 


Sulfuric 

Transmission 

Extinction 

Acid  Added 

at  570  m/x 

(-log  T) 

Ml. 

% 

1 

69.0 

0.160 

2 

33.8 

0.470 

3 

32.5 

0.489 

4 

33.0 

0.481 

5 

32.5 

0.487 

6 

33.3 

0.477 

7 

32.9 

0.483 
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Table  II.  Effect  of  Bath  Temperature 


Temperature 
of  Heating,  °  C. 


Extinction 


60 
70 
80 
’  90 
100 
120 


0.493 
0.489 
0 . 492 
0.480 
0.487 
0.485 


Table  III.  Effect  of  Heating  Time  at  100°  C. 


Time  of  Heating, 
Min. 


Extinction 


0 

5 

7 

10 

15 

30 

45 

60 


0.328 

0.683 

0.765 

0.850 

0.895 

0.906 

0.898 

0.890 


minutes  in  a  boiling  water  bath  and  then  diluted  to  50  ml.  in  volu¬ 
metric  flasks.  The  results  in  Table  I  show  that  the  color  de¬ 
veloped  is  constant  regardless  of  the  acid  concentration  as  long 
as  at  least  3  ml.  of  concentrated  sulfuric  acid  are  used  for  each 
ml.  of  water. 

To  determine  the  optimum  temperature  for  developing  the 
purple  color,  six  samples,  each  containing  50  micrograms  of 
formaldehyde  and  50  mg.  of  chromotropic  acid  in  1  ml.  of  water, 
were  treated  with  5  ml.  of  concentrated  sulfuric  acid.  These 
solutions  were  heated  at  various  temperatures  for  30  minutes  and 
then  diluted  to  50  ml.  (Table  II). 

From  Table  II,  it  is  obvious  that  the  temperature  at  which  the 
color  is  developed  is  not  too  critical.  However,  for  convenience 
and  for  obtaining  complete  hydrolysis  of  various  formals,  all  solu¬ 
tions  were  heated  in  a  boiling  water  bath  for  30  minutes. 

In  order  to  determine  the  most  favorable  time  of  heating,  5  ml. 
of  concentrated  sulfuric  acid  were  added  to  test  tubes  containing 
0.10  mg.  of  formaldehyde  and  50  mg.  of  chromotropic  acid  in  1 
ml.  of  water.  These  solutions  were  heated  for  various  lengths  of 
time  in  a  boiling  water  bath.  The  results  are  tabulated  in  Table 
III.  It  can  be  seen  that  if  a  solution  is  heated  for  at  least  30 
minutes  at  100°  C.,  complete  color  development  is  obtained. 

Experiments  were  carried  out  according  to  the  established 
procedure,  with  0.06  mg.  of  formaldehyde,  to  determine  the  op¬ 
timum  concentration  of  reagent.  The  results  shown  in  Table  I\ 
indicate  that  a  500  to  1  ratio  of  reagent  to  formaldehyde  is  nec¬ 
essary.  In  another  series  of  experiments,  it  was  found  that  0.1 
mg.  is  the  maximum  amount  of  formaldehyde  that  can  be  con¬ 
veniently  determined  by  this  method.  Therefore,  50  mg.  of  re¬ 
agent  should  be  used  for  each  determination. 

The  next  uncertainty  was  the  stability  of  the  purple  color. 
The  color  from  20  and  80  micrograms  of  formaldehyde  was  de¬ 
veloped  according  to  the  recommended  procedure.  The  ex¬ 
tinctions  of  these  solutions  were  read  as  soon  as  they  were  diluted 
to  50  ml.  and  cooled  to  room  temperature,  and  then  at  various 
intervals.  The  results  are  tabulated  in  Table  V. 

Obviously,  the  color  is  stable  for  at  least  48  hours  and  in  all 
probability  for  much  longer.  However,  it  is  necessary  to  allow 
the  solutions  to  reach  room  temperature  before  taking  the 
spectrophotometric  readings.  The  extinction  of  the  purple 
solution  is  directly  proportional  to  the  temperature  of  the  solu- 


Table  IV.  Effect  of  Chromotropic  Acid  Concentration 


Weight  Ratio  of  Reagent 
to  Formaldehyde 


Extinction 
at  570 


10:1 

50:1 

100:1 

500:1 


0.235 

0.532 

0.620 

0.630 


L  EDITION 

tion.  If  this  precaution  is  not  observed,  the  stability  of  the  color 
may  not  appear  to  be  so  good  as  shown  in  Table  V. 

The  recommended  procedure  was  used  to  obtain  transmission 
curves  on  a  reagent  blank  and  three  different  concentrations  of 
formaldehyde.  Figure  1  shows  that  the  minimum  of  the  colored 
solution  is  at  570  mu  and  that  this  minimum  is  independent  of 
the  concentration  of  formaldehyde.  It  is  apparent  that  the 
blank  is  only  97%  transmitting  at  570  npi.  Therefore,  it  is  neces¬ 
sary  to  make  all  calibration  readings  against  a  reagent  blank. 

A  calibration  curve,  using  various  amounts  of  formaldehyde, 
was  made.  This  curve  is  practically  linear  up  to  an  extinction 
of  0.750  but  beyond  this  value  the  absorption  starts  to  deviate 
slightly  from  Beer’s  law.  Since  the  absorption  is  so  reproduc¬ 
ible,  it  is  possible  to  determine  as  much  as  0.10  mg.  of  formalde¬ 
hyde  by  referring  to  the  calibration  curve. 

INTERFERENCES 

Using  the  recommended  procedure,  formaldehyde  is  the  only 
aldehyde  that  has  been  found  which  will  react  with  chromotropic 
acid  to  give  a  purple  color.  This  is  in  agreement  with  the  origi¬ 
nal  reference  to  this  reagent  (5).  However,  any  compound  that 
will  give  formaldehyde  on  hydrolysis  with  sulfuric  acid  will  give 
a  purple  color. 


Amount  of 
Formaldehyde,  y 

20 

80 


Table  V.  Stability  of  Color 


Immediately 

0.205 

0.751 


Extinction 

After  12  hours 


0.205 

0.752 


After  48  hours 

0.208 

0.750 


Methanol  and  ethanol  do  not  react  with  the  reagent  and  there¬ 
fore,  by  using  0.5-gram  samples,  it  is  possible  to  determine  as 
little  as  2  p.p.m.  of  formaldehyde  in  these  alcohols. 

Higher  aliphatic  alcohols  seem  to  hinder  the  formation  of  the 
formaldehyde  color.  The  effect  of  n-propyl  alcohol  is  much 
less  than  that  of  n-amyl  (Table  VI). 

Acetaldehyde,  acrolein,  and  d-hydroxypropionaldehyde  give  a 
yellowish  brown  color  with  chromotropic  acid  and  in  addition 
interfere  markedly  with  the  formaldehyde  test.  However,  it  is 
possible  to  determine  0.04  mg.  of  formaldehyde  in  the  presence  of 
4  mg.  of  acetaldehyde  by  using  300  mg.  instead  of  the  customary 
50  mg.  of  reagent.  So  far,  a  method  to  eliminate  the  interfeience 
of  acrolein  and  (3-hydroxypropionaldehyde  has  not  been  found. 

Benzaldehyde  alone  does  not  react  with  the  reagent,  nor  does  it 
inhibit  the  formation  of  the  formaldehyde  color.  Therefore, 


Figure  1 .  Transmission  Curves 
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Table  VI. 

Effect  of  n-Propyl  and 

n-Amyl  Alcohols 

Weight  Ratio, 

Propyl  Alcohol 

Formaldehyde 

Formaldehyde 

to  Formaldehyde 

•  Added 

Found 

Mg. 

Mg. 

5:1 

0.035 

0.035 

10:1 

0.035 

0.033 

15:1 

0.035 

0.033 

Amyl  Alcohol 
to  Formaldehyde 

2:1 

0.044 

0.042 

5:1 

0.044 

0.037 

10:1 

0.044 

0.030 

100:1 

0.044 

0.021 

Table  VII.  Determination  of  Formaldehyde 

in  Formals 

Material 

Formaldehyde 

Formaldehyde 

Theory 

Found0 

% 

% 

Methylal  (7.3%  methanol) 

36.4 

36.2 

Pentaerythritol  diformal 

37.50 

37.5 

Pentaerythritol  monoformal 

20.27 

20.2 

Piperonal 

20.00 

21.2 

n-Propyl  formal  & 

22.6 

19.7 

Trioxane 

100.0 

102 

°  No  free  formaldehyde  found  in  any  of  these  samples. 
b  Purity  not  known.  By  the  2,4-dinitrophenylhydrazine  procedure, 
19.9%  formaldehyde  was  found. 


very  small  amounts  (0.02%)  of  formaldehyde  can  be  determined 
in  the  presence  of  this  aromatic  aldehyde  and  probably  in  the 
presence  of  other  aromatic  aldehydes. 

Acetone,  while  it  does  not  give  a  color  with  chromotropic  acid, 
causes  the  purple  color  due  to  formaldehyde  to  fade  when  the 
solution  is  diluted  with  water.  However,  this  interference  can 
be  eliminated  by  diluting  the  solution  to  50  ml.  with  18  N  sul¬ 
furic  acid  instead  of  water.  As  little  as  1  part  of  formaldehyde 
in  5000  parts  of  acetone  can  be  accurately  determined  by  this 
modification. 

Diacetone  alcohol  and  methyl  ethyl  ketone  interfere  very 
markedly  with  the  development  of  the  formaldehyde  color.  In 
the  presence  of  200  mg.  of  each  of  these  materials,  0.04  mg.  of 
formaldehyde  could  not  be  detected. 

The  mechanism  of  the  reaction  between  formaldehyde  and 
chromotropic  acid  has  not  been  investigated.  For  this  reason,  no 
explanation  can  be  offered  to  account  for  the  various  interferences 
mentioned. 

RESULTS  AND  APPLICATIONS 

The  method  described  in  this  paper  can  be  used  to  determine 
free  formaldehyde  or  combined  formaldehyde  which  is  liberated 
by  acid  hydrolysis.  Various  formals  which  were  subjected  to 
the  recommended  procedure  were  quantitatively  hydrolyzed. 
Some  of  the  results  are  tabulated  in  Table  VII. 

Several  dilute  formaldehyde  solutions  which  were  standardized 
by  the  bisulfite-iodine  method  (4)  and  by  the  dimedone  method 
(7)  were  analyzed  by  the  chromotropic  acid  procedure.  The 
agreement  was  within  3%. 

Although  all  spectrophotometric  readings  were  made  with  a 
Beckman  Quartz  Spectrophotometer,  there  is  no  apparent  reason 
why  a  photometer  with  a  filter  having  a  maximum  transmittance 
at  about  570  m/j  could  not  be  used.  In  view  of  the  stability  of 
the  purple  color,  it  seems  likely  that  at  least  semiquantitative 
results  could  be  obtained  by  matching  the  colors  of  unknowns 
visually  with  standards  prepared  in  the  same  way.  The  stand¬ 
ards  would  not  have  to  be  prepared  more  than  once  a  week. 

The  method  described  in  this  paper  is  rapid  and  accurate.  As 
little  as  1  microgram  of  formaldehyde  ;n  1  ml.  of  solution  can  be 
detected.  Accuracy  of  the  method  is  certaudy  well  within  5%. 
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The  Amino  Acid  Composition  of  Proteins  and  Foods.  R.  J*Block 

and  Diana  Bolling.  396  pages.  Charles  C.  Thomas,  Springfield, 

Ill.,  1945.  Price,  $6.50. 

The  recent  pronounced  increase  in  amount  of  research  attention 
paid  to  proteins  and  amino  acids,  particularly  with  respect  to  the 
roles  they  play  in  nutrition,  makes  this  book  timely.  No  previous 
text  or  reference  book  contains  in  such  detail  the  published  amino 
acid  analyses  of  proteins  and  foods.  In  addition,  the  authors  have 
rendered  a  distinct  service  by  outlining  and  discussing  in  detail  the 
methods  used  for  the  determination  of  amino  acids. 

The  first  eight  chapters — Diamino  Acids,  Aromatic  Amino  Acids, 
Sulfur-Containing  Amino  Acids,  d-Hydroxy  Amino  Acids,  “Leu¬ 
cines”,  Dicarboxylic  Amino  Acids,  Glycine  and  Alanine,  and  Proline 
and  Hydroxyproline — contain  the  available  information  on  methods 
of  estimation  and  occurrence.  In  many  cases  sufficient  detail  is  in¬ 
cluded,  so  that  the  determinations  can  be  made  without  reference  to 
the  original  papers.  The  authors  suggest  which  methods  are  most 
reliable  and  comment  pertinently  on  the  various  alternate  proce¬ 
dures.  The  tables  are  extensive  and  inclusive  and  contain  many 
hitherto  unpublished  analyses.  Although  many  of  the  data  are  en¬ 
tirely  unreliable  and  of  historical  interest  only,  they  should  make  ex¬ 
tensive  early  literature  searches  unnecessary  for  future  workers  in 
this  field.  The  authors  indicate  which  of  the  analytical  results  they 
consider  to  be  the  closest  approximations  to  true  values. 

It  is  unfortunate,  although  doubtless  unavoidable,  that  the  refer¬ 
ences  are  complete  only  through  part  of  1943.  Inasmuch  as  a  con¬ 
siderable  number  of  important  papers  dealing  with  amino  acid  meth¬ 
ods  and  analyses  have  appeared  since  then,  the  most  acceptable 
results  for  the  more  difficultly  determinable  amino  acids  in  many 
cases  are  now  no  longer  the  same  as  those  included  in  the  tables.  In 
particular,  data  obtained  by  microbiological  methods  have  required 
some  revision  of  previous  data  on  the  amino  acid  composition  of  pro¬ 
teins  and  foods. 

Chapter  IX  describes  general  methods  for  the  hydrolysis  of  pro¬ 
teins,  the  separation  and  determination  of  amino  acids,  and  tests  for 
carbohydrates. 

Chapter  X  includes  a  series  of  14  tables  of  amino  acid  compositions 
of  proteins.  Here  the  entire  amino  acid  moiety  is  represented,  in 
contrast  to  the  tables  in  the  previous  chapters  in  which  the  amino 
acids  are  presented  individually  or  in  groups  of  two  or  three. 

The  three  tables  in  the  final  chapter  on  the  essential  amino  acid 
requirement  of  man  include  an  estimated  annual  average  per  capita 
consumption  of  essential  amino  acids,  the  daily  essential  amino  acid 
requirements,  and  the  percentage  of  optimal  daily  requirements  sup¬ 
plied  by  100  grams  of  proteins  from  several  of  the  commonest  foods. 

The  bibliography  of  more  than  700  references  and  the  author  and 
subject  indexes  have  been  carefully  prepared  and  help  to  make  the 
book  a  handy  manual  for  ready  reference.  Protein  chemists  and  those 
interested  in  the  protein  phases  of  nutrition  will  use  it  as  such. 

Harold  S.  Olcott 
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Catalytic  Activity  of  Selenates  in  the  Kjeldahl  Method 
for  Determination  of  Nitrogen 

ROBERT  S.  DALRYMPLE  and  G.  BROOKS  KING 
Department  of  Chemistry,  State  College  of  Washington,  Pullman,  Wash. 


Although  selenates  have  been  found  to  be  more  effective  catalysts 
in  the  Kjeldahl  digestion  for  protein  nitrogen  than  elemental  sele¬ 
nium,  prolonged  digestion  gives  low  results. 

N  1931,  Lauro  U)  discovered  that  small  amounts  of  selenium 

were  effective  in  catalyzing  the  decomposition  of  proteins  in 
Kjeldahl  digestions.  Although  the  action  of  selenium,  selenium 
oxychloride,  and  certain  selenites  in  catalyzing  these  decomposi¬ 
tions  has  been  fairly  extensively  investigated  since  that  time, 
there  appears  to  be  no  study  of  the  effect  of  selenates  on  di¬ 
gestion  time. 

Sreenivasan  and  Sadasivan  (7)  employed  copper  selenate  in  a 
study  of  the  mechanism  of  selenium  catalysis,  but  did  not  report 
the  effect  of  the  salt  on  digestion  time.  They  proposed  a  mech¬ 
anism  for  the  catalysis  in  which  selenium  is  alternately  oxidized 
to  selenious  acid  and  reduced  to  elemental  selenium.  The  sele¬ 
nium,  after  complete  oxidation  of  protein,  is  present  as  selenious 
acid. '  However,  in  the  presence  of  mercuric  oxide,  all  the 
selenium  is  presumably  oxidized  to  selenic  acid.  Osborn  and 
Krasnitz  (5)  report  that  a  combination  of  mercuric  oxide  a,nd 
selenium  acts  much  more  effectively  than  either  mercuric  oxide 
or  selenium  alone  in  catalyzing  the  decomposition  of  proteins. 
In  view  of  this  fact  and  in  the  event  that  selenic  acid  does  play  a 
role  in  selenium  catalysis  in  the  presence  of  mercuric  oxide, 
possibly  a  selenate  would  be  more  effective  as  a  catalyst  than 
either  selenium  or  a  selenite. 

The  purpose  of  the  present  investigation  was  to  determine  the 
relative  catalytic  action  of  several  selenates  in  the  Kjeldahl 
determination  and  compare  their  effectiveness  to  elemental 
selenium  in  this  respect. 

EXPERIMENTAL 

The  determinations  were  carried  out  with  the  conventional 
Kjeldahl  apparatus  in  the  usual  manner,  using  a  gas  flame  as  a 
source  of  heat.  Elemental  selenium  used  was  a  preparation  of 
Eimer  and  Amend.  The  selenates  were  prepared  by  treating 
analytical  reagent  carbonates  of  the  metals  with  selenic  acid, 
the  preparation  of  which  has  been  described  ( 3 ) .  The  salts  were 
twice  recrystallized  from  water.  The  selenates  in  hydrated  form 
were  weighed  out  in  amounts  such  that  the  selenium  content  of 
each  sample  was  0.10  to  0.15  gram.  This  was  added  directly  to 
the  weighed  sample  of  protein.  Bradstreet  (2)  reports  that  more 
than  0.25  gram  of  selenium  gives  low  results.  The  digestions 
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Figure  1.  Effect  of  Selenates  on  Digestion  Time 


were  carried  out  for  varying  lengths  of  time  in  the  presence  of  the 
four  catalysts:  selenium,  copper  selenate,  calcium  selenate,  and 
cadmium  selenate.  All  analyses  represent  the  average  of  at 
least  two  determinations.  The  results  of  duplicate  determina¬ 
tions  were  in  error  by  no  more  than  0.2%. 

While  the  data  recorded  in  Table  I  are  only  a  portion  of  those 
obtained  in  the  study,  they  are  fairly  representative.  Sample  I 
was  pea  meal,  very  difficult  to  decompose  completely.  Six  hours 
were  required  for  the  decomposition  using  metallic  selenium  as  a 
catalyst;  with  copper  selenate  the  time  was  cut  to  2.5  hours; 
with  calcium  selenate  to  3  hours;  and  with  cadmium  selenate  to 
3.5  hours.  Nitrogen  obtained  by  the  official  method  (Kjeldahl- 
Gunning- Arnold)  is  somewhat  lower  than  the  maximum  obtained 
using  selenium  or  selenates  as  catalysts.  However,  in  three  other 
samples,  data  for  one  only  of  which  are  included  here,  the  nitrogen 
content  by  the  official  method  agreed  well  with  the  maximum 
values  obtained  with  the  selenium  or  selenate  catalysts.  Data 
for  sample  No.  II  are  shown  graphically  in  Figure  1. 

DISCUSSION 

It  is  evident  from  the  data  that  the  three  selenates  were  mark¬ 
edly  more  effective  in  catalyzing  the  digestion  than  selenium  in 
the  elemental  form.  Although  the  relative  effectiveness  of  the 
selenates  in  general  is  not  pronounced,  copper 
selenate  and  cadmium  selenate  proved  some¬ 
what  more  effective  than  cadmium  selenate  in 
all  the  determinations  carried  out.  It  was  noted 
that  clearing  of  the  digestion  mass  is  no  criterion 
as  to  completeness  of  digestion,  a  fact  previously 
reported  by  Ashton  ( 1 ).  The  time  of  digestion 
is  an  important  factor  in  the  accuracy  of  the  re¬ 
sults.  Reference  to  Figure  1  shows  that  the 
nitrogen  obtained,  except  wffien  elemental 
selenium  is  the  catalyst,  rises  to  a  maximum  and 
then  falls  off.  The  danger  of  loss  of  nitrogen 
on  prolonged  digestions  with  selenium  catalysts 
has  been  reported  by  Sandstedt  (6) .  It  would  not 
appear  practicable,  therefore,  to  employ  selenates 
as  catalysts,  since  the  digestion  time  for  maximum 
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Table  I.  Effect  of  Selenium  Catalysts 
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yield  of  nitrogen  would  have  to  be  rather  accurately  determined 
and  controlled  for  each  type  of  protein  sample. 
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An  Automatic  Gas  Circulating  Pump 

J.  H.  SIMONS,  T.  J.  BRICE,  and  W.  H.  PEARLSON 
School  of  Chemistry  and  Physics,  The  Pennsylvania  State  College,  State  College,  Pa. 


AX  AUTOMATIC  gas  circulating  pump  for  use  on  a  vacuum 
.  system  has  been  devised  and  used  with  satisfactory  results 
in  this  laboratory.  The  design  of  the  pump  and  the  controls  is 
shown  in  the  diagram. 

The  pump  consists  of  two  small  one-way  valves  and  two  50-cc. 
bulbs  arranged  as  shown.  Gas  is  drawn  in  through  valve  A  by 
lowering  the  mercury  in  C,  thus  reducing  the  pressure  inside  the 
pump  below  that  of  the  system;  the  lowering  of  the  mercury- 
is  accomplished  by  applying  a  vacuum  on  bulb  D.  In  this  step 
B  acts  as  a  check  valve.  When  the  mercury  has  been  lowered 
sufficiently  so  that  C  is  empty,  the  cycle  is  reversed  by  letting 
air  into  D  and  allowing  the  mercury  to  flow  back  into  C.  Gas 
is  forced  out  through  B  while  A  acts  as  the  check  valve.  The 
pump  used  by  the  authors  made  a  complete  cycle  once  a  minute 
at  200-mm.  pressure.  This  period  could  be  varied  by  changes  in 
the  dimensions  of  the  various  parts  of  the  apparatus. 

The  levels  of  the  mercury  in  A  and  B  are  adjusted  by  means  of 
the  reservoirs  below  them.  The  pump  can  be  made  to  operate  at 
pressures  as  low  as  3  to  4  mm.  by  suitably  adjusting  these  levels. 
This  is  the  pressure  required  to  overcome  the  resistance  of  the 
mercury  check  valves.  If  other  check  valves  were  used  this 
minimum  might  be  reduced.  Residual  gas  in  the  pump  can  be 
let  out  into  the  system  by  drawing  the  mercury  down  into  the 
reservoirs. 

The  pump  was  designed  to  operate  with  a  continually  varying 
pressure  inside  the  system.  This  is  accomplished  by  construct¬ 
ing  the  right  arm  of  the  U-tube  of  small-bore  tubing;  pressure 
variations  register  on  this  arm  while  the  maximum  height  in  C 
remains  practically  unchanged.  The  height  between  the  bot¬ 
tom  of  this  small-bore  tubing  and  the  top  of  C  should  exceed  the 
mercury  equivalent  of  one  atmosphere  pressure  for  safe  opera¬ 
tion  at  pressures  down  to  a  few  millimeters. 

The  minimum  operating  pressure  in  millimeters  of  mercury  is 
equal  to  or  greater  than  the  height  of  the  bottom  of  C  above  the 
upper  contact  on  D,  plus  the  resistance  of  one  check  valve,  and 
the  lowest  pressure  reached  by  the  operating  vacuum  pump. 
The  maximum  operating  pressure  is  equal  to  or  less  than  the 
atmospheric  pressure,  minus  the  resistance  of  one  check  valve, 
minus  the  height  of  the  top  of  C  above  the  lower  contact  on  D. 
The  operating  range  of  pressures  for  any  set  of  fixed  dimensions 
or  level  of  bulb  D  is  the  difference  between  the  maximum  and 
minimum  operating  pressures  and  is  equal  to  atmospheric  pres¬ 
sure  minus  the  sum  of  the  distance  between  the  top  and  bottom 
of  C,  the  distance  between  the  top  and  bottom  contacts  on  D,  the 
lowest  pressure  of  the  operating  pump,  and  twice  the  resistance 
of  one  check  valve.  For  safety  of  operation,  so  that  mercury 
from  C  does  not  enter  the  valve  chambers,  the  minimum  pressure 
encountered  in  millimeters  of  mercury  plus  the  height  of  the  top 
of  C  above  the  rest  level  of  the  mercury  in  the  small-bore  tubing 
should  be  equal  to  or  greater  than  atmospheric  pressure. 

For  operating  at  pressures  down  to  a  few  millimeters  the  upper 
contact  on  D  must  be  below  the  bottom  of  C  by  at  least  the  lowest 
pressure  of  the  operating  pump  plus  the  resistance  of  one  check 
valve.  The  maximum  operating  pressure  under  these  conditions 
is  equal  to  atmospheric  pressure  minus  the  height  between  the 
lower  contact  on  D  and  the  top  of  C.  Of  course,  the  lower  D 
is  the  shorter  the  period  of  operation  but  the  lower  the  maximum 
pressure.  For  operating  at  pressures  above  this  maximum  D 
must  be  raised  relative  to  C.  In  this  case  the  minimum  pressure 
at  which  the  pump  will  operate  will  increase  by  the  amount  that 
the  upper  contact  of  D  is  raised  above  the  highest  level  that  it 
could  have  for  operating  down  to  a  few  millimeters.  The  height 
of  D  can  be  made  adjustable  by  connecting  it  to  the  glass  system 
by  a  flexible  rubber  tubing. 


The  operation  of  the  pump  is  made  automatic  by  an  electrical 
device  based  on  the  fact  that  it  requires  less  force  to  hold  an  iron 
core  in  a  solenoid  than  to  lift  it  into  this  position  against  the 
force  of  gravity,  particularly  as  the  vacuum  below  the  air  leak 
provides  an  additional  resistance  to  be  overcome  in  lifting  the 
solenoid  core. 


When  the  mercury  starts  rising  in  the  right  arm  of  the  U-tube, 
it  completes  a  circuit  through  the  sealed-in  contact  at  the  bottom 
of  bulb  D.  The  current  through  the  solenoid  is  sufficientjjto 
support  the  weight  of  the  rod,  but  not  sufficient  to  lift  the  rod 
and  overcome  the  vacuum  force,  so  the  air  leak  remains  closed. 
The  mercury  continues  to  rise  until  it  makes  contact  with  the 
lead  at  the  top  of  D.  A  larger  current  then  flows  through  the 
solenoid,  and  the  rod  is  pulled  off  the  air  leak.  This  contact  is 
immediately  broken,  since  air  rushes  into  D  and  the  mercury 
starts  to  fall.  The  air  leak  does  not  close,  since  the  current 
through  the  lower  contact  is  sufficient  to  hold  the  rod  in  the 
solenoid.  The  mercury  continues  to  fall  until  the  lower  contact 
is  broken.  At  this  point  no  current  flows  through  the  solenoid, 
the  rod  falls,  closing  the  air  leak,  and  the  cycle  is  repeated. 

In  the  original  apparatus  an  ordinary  aspirator  supplied  the 
vacuum  and  an  air  leak  of  7-mm.  tubing  was  used.  The  stop 
on  the  air  leak  was  made  of  0.6-cm.  (0.25-inch)  iron  rod  and 
weighed  15  grams.  The  open  end  of  the  glass  tube  was  ground 
flat.  A  cork  was  fitted  to  the  lower  end  of  the  plunger  rod  by 
means  of  a  centrally  bored  hole.  The  rod  entered  this  hole  part¬ 
way  through  the  cork.  The  hole  was  enlarged  at  the  lower  end, 
and  a  rubber  disk  cemented  to  the  bottom  face.  An  air  cushion 
was  thus  provided  above  the  rubber  disk.  A  direct  current 
solenoid  of  approximately  400  turns  was  used,  which  required 
a  current  of  2.3  amperes  to  overcome  both  forces  on  the  rod  and 
1.0  ampere  to  maintain  the  weight  of  the  rod.  Resistances  E  and 
F  were  approximately  50  and  30  ohms. 

Alternating  current  could  be  used  by  using  an  alternating 
current  solenoid;  the  design  could  be  further  modified  by  using 
relays  to  cut  down  the  current  through  the  mercury. 
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Physiolosical  Availability  of  the  Vitamins 

Study  of  Methods  for  Determining  Availability  of  Vitamins 

in  Pharmaceutical  Products 

BERNARD  L.  OSER,  DANIEL  MELNICK,  and  MELVIN  HOCHBERG 
Food  Research  Laboratories,  Inc.,  Long  Island  City,  N.  Y. 


The  nature  of  the  precautions  taken  to  ensure  the  stability  of  the 
vitamins  in  pharmaceutical  capsules  or  tablets,  which  are  usually 
swallowed  whole,  raises  the  question  of  the  physiological  avail¬ 
ability  of  the  vitamins.  The  limitations  of  in  vitro  and  in  vivo  dis¬ 
integration  tests  and  of  serial  roentgenograms  after  oral  adminis¬ 
tration  are  discussed  and  the  possibility  of  drawing  erroneous 
conclusions  from  such  studies  is  pointed  out.  The  new  bioassay 
technique  for  the  direct  determination  of  the  availability  of  vita¬ 
mins  to  man  is  dependent  upon  correlating  the  urinary  excretion  of 
the  water-soluble  vitamins  (or  derivatives)  with  vitamin  intake.  Ex¬ 
perimental  support  is  advanced  for  the  many  advantages  of  the 
new  procedure. 

BECAUSE  of  the  numerous  and  obvious  advantages  of  chemi¬ 
cal  and  microbiological  methods  for  the  determination  of  vi¬ 
tamins  in  foods  and  pharmaceutical  products,  the  need  for  bio¬ 
logical  assays  is  becoming  less  imperative.  Nevertheless  the 
biological  assay  has  a  unique  advantage — namely,  it  measures 
the  available  or  potentially  effective  portion  of  the  vitamin  con¬ 
tent,  whereas  the  nonbiological  methods  measure  the  total 
quantity  of  vitamin  present. 

The  War  Food  Administration,  probably  the  largest  single 
purchaser  of  vitamin  products  in  the  world,  has  recently  specified 
that  the  vitamins  in  products  purchased  by  it  not  only  be  present 
in  sufficient  total  quantities  (1 )  but  be  in  a  form  completely  avail¬ 
able  to  the  human  when  the  product  is  swallowed  whole.  In  view 
of  the  fact  that  there  was  no  assay  technique  for  measuring  avail¬ 
ability,  a  simple  in  vitro  digestion  test  was  specified.  This  pro¬ 
cedure  can  lead  to  false  conclusions,  as  is  shown  below.  (Ob¬ 
viously  rat  assays  cannot  be  employed  for  this  purpose.  Larger 
laboratory  animals,  which  are  capable  of  swallowing  intact 
tablets  or  capsules,  likewise  cannot  be  used,  since  the  vitamin  in¬ 
take  would  far  exceed  the  critical  range  of  dosage  in  the  conven¬ 
tional  prophylactic  or  curative  bioassays.) 

A  recent  seizure  action  by  the  Food  and  Drug  Administration 
was  based  upon  the  recovery  from  the  stools  of  human  subjects 
of  intact  vitamin  tablets,  from  which  it  was  justifiably  assumed 
that  the  vitamins  were  not  available.  However,  the  converse  ob¬ 
servation — namely,  disintegration  of  the  tablets  in  the  gastro¬ 
intestinal  tract — would  not  necessarily  prove  the  vitamins  avail¬ 
able. 

Most  tablets,  particularly  of  the  multivitamin-mineral  variety, 
contain  a  sufficient  quantity  of  mineral  salts  to  make  them 
opaque  to  x-rays.  Attempts  have  been  made  to  determine  the 
availability  of  vitamins  in  such  tablets  swallowed  whole  by  tak¬ 
ing  serial  roentgenograms  during  the  24-hour  period  following 


dosage.  Here  the  assumption  has  been  that  shadows  resembling- 
tablets  or  small  opaque  areas  which  might  be  fragments  of 
tablets  actually  represent  undisintegrated  and  hence  unavail¬ 
able  portions  of  the  vitamin  content. 

It  has  recently  been  reported  from  the  authors’  laboratories  (7) 
that  the  urinary  excretion  by  man  of  the  water-soluble  vitamins 
resulting  from  standardized  conditions  of  dosage  may  be  em¬ 
ployed  as  a  means  for  estimating  the  availability  of  these  factors. 
The  urinary  excretion  of  these  vitamins  as  such  (or  as  their  de¬ 
rivatives)  parallels  the  quantity  consumed,  provided  that  normal 
subjects  are  employed  and  that  at  the  time  of  the  tests  they  con¬ 
sume  an  adequate  diet.  For  the  purpose  of  calculating  the  degree 
of  vitamin  availability,  comparison  is  drawn  between  the  extra- 
urinary  excretion  after  taking  the  test  dose  and  that  following  the 
oral  administration  of  an  aqueous  solution  of  the  pure  vitamin 
i.e.,  the  form  in  which  the  vitamin  is  regarded  as  most  readily 
available  for  absorption.  The  assay  technique,  its  reliability, 
and  applicability  to  studies  in  human  nutrition  have  been  dis¬ 
cussed  in  detail  (7). 

This  report  is  concerned  with  investigations  on  the  reliability 
of  the  techniques  mentioned  above  for  determining  vitamin 
availability  in  pharmaceutical  products,  three  being  selected  for 
illustrative  purposes.  Multivitamin-mineral  Tablet  A  contained 
vitamins  A  and  D  and  the  water-soluble  factors  riboflavin,  nico¬ 
tinamide,  thiamine,  and  ascorbic  acid,  only  the  last  two  being 
coated  with  a  water-insoluble  enzyme-resistant  material.  In 
Tablet  B  all  these  vitamins  were  present  but  all  the  water-soluble 
vitamins  were  protectively  coated  as  in  Tablet  A.  In  the  B- 
Complex  Capsule  E  the  thiamine  and  riboflavin  were  present 
in  the  form  of  a  fuller’s  earth  adsorbate.  In  this  report  is  also 
described  an  indirect  procedure  for  estimating  the  availability 
of  the  fat-soluble  vitamins  in  multivitamin  products. 

EXPERIMENTAL 

Five  nutritionally  normal  males  were  employed  in  the  urinary 
excretion  studies.  Deficient  subjects  cannot  be  used  because 
they  retain  extradietary  vitamin  and  hence  it  is  not  possible  to 
obtain  a  reliable  ratio  of  extraurinary  excretion  as  an  index  of 
availability.  The  subjects  selected  for  test  subsisted  regularly  on 
adequate  well-balanced  dietaries  and  excreted  the  water-soluble 
vitamins  (or  derivatives)  well  within  the  normal  range  both  be¬ 
fore  and  after  postprandial  dosage  with  extra  vitamins  (7). 
The  paper  just  cited  describes  the  method  employed  for  the  quan¬ 
titative  collection  of  urine  samples,  the  selection  of  analytical 
procedures,  and  the  composition  of  the  basal  diet  eaten  at  the 
time  of  test. 
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Figure  1.  Serial  Roentgenograms  of  Subject  D.M. 

A.  Before  tablet  dotage.  B.  Immediately  (5  minutes)  afterwards.  C.  4  hours  after  dosage.  D.  8  hours  after  dosage. 

E.  1!  hours  after  dosage.  F.  24  hours  after  dosage 


STUDIES  WITH  MULTIVITAMIN. 

MINERAL  TABLET  A 

Tablet  A  was  employed  as 
the  test  material  for  the 
initial  and  more  exhaustive 
part  of  this  study  of  vitamin 
availability.  Fifteen  of  these 
tablets  were  swallowed  whole 
immediately  after  dinner. 
During  the  control  period  the 
vitamins  in  aqueous  solution 
(pH  3)  were  also  taken  post- 
prandially.  The  urine 
samples  collected  during  each 
24-hour  period  subsequent  to 
dosage  were  partitioned  in 
order  to  yield  data  on  the 
rate  of  absorption  and  ex¬ 
cretion  of  the  water-soluble 
vitamins.  By  subtracting 
the  24-hour  excretion  values 
when  the  subjects  subsisted 
on  the  basal  diet  alone  from, 
the  values  obtained  for  the 
corresponding  periods  follow¬ 
ing  vitamin  dosage,  the  in¬ 
crements  due  solely  to  taking 
the  extradietary  vitamins 
were  obtained.  The  urine 
samples  were  collected  for  the 
first,  second,  and  third  4-hour 
periods  and  for  the  final 
12-hour  period  after  dosage. 
Roentgenograms  were  taken 
before  and  immediately  after 
swallowing  the  tablets  and 
4,  8,  12,  and  24  hours  there¬ 
after.  The  tablets  were  also 
subjected  to  the  War  Food 
Administration  disintegration 
test  ( 1 ). 

In  Table  I  the  test  doses  of 
extra  vitamins  are  shown. 
According  to  the  chemical 
analyses,  the  vitamin  content 
of  fifteen  tablets  approxi¬ 
mately  equaled  that  of  the 
pure  solution.  [Thiamine 
was  determined  by  the  thio- 
chrome  procedure  (£), 
ascorbic  acid  titrimetrically 
(5),  riboflavin  by  the  fluoro- 
metric  method  (3),  and  ni¬ 
cotinamide  colorimetrically 
(5).]  The  differences  are  of 
no  significance,  since  the  com¬ 
parisons  are  based  on  per¬ 
centage  excretions  of  the  test 
doses  and  it  has  been  demon¬ 
strated  (7)  that  at  the  dose 
levels  employed  the  relation¬ 
ship  between  dosage  and 
urinary  excretion  is  linear. 
In  making  up  the  “solution 
dose”  the  fat-soluble  vitamins 
were  kept  separate  from  the 
B-complex  solution  and  these 
in  turn  from  the  ascorbic  acid 
solution.  All  solutions  were 
prepared  just  prior  to  their 
ingestion  immediately  after 
the  main  or  midday  meal.  A 
two  weeks’  period  intervened 
between  control  and  test 
periods.  The  tablets  were 
swallowed  whole,  allowing 
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Table  I.  Test  Dose  of  Extra  Vitamins 

Vitamin  Content  of  Tablet  Preparation  of  Pure  Solutions  of  Vitamins 


U.S.P.  units 

Vitamin  A 
Vitamin  D 

1960 

196 

I  =  gelatin  cap-  4 
sule 

28,000  U.S.P.  units 
of  A 

2,800  U.S.P.  units 
of  D 

Thiamine 

Ascorbic  acid 

Mg. 

0.394 

11.5 

II  =  B  complex 
solution 

50  mg.  of  thiamine 

100  mg.  of  riboflavin 
500  mg.  of  nicotinam¬ 
ide 

Water  (pH  3)  to 
1000  cc. 

Riboflavin 

Nicotinamide 

0.71 

3.66 

III  =  ascorbic  acid 
solution 

2000  mg.  of  ascorbic 
acid 

Water  (pH  3)  to  200 

(  cc. 

Test  dose,  15  intact  tablets 

Test  dose,  one  capsule  of  I;  100  cc.  of  II; 
20  cc.  of  III 

Vitamins  Yielded  by  Test  Dose 

Tablets 

Pure  Solution 

U.S.P.  units 

U.S.P.  units 

28,400 

2,840 

Vitamin  A 

Vitamin  D 

28,000 

2,800 

Mg. 

Mg. 

5.91 

173.0 

10.6 

55.0 

Thiamine 

Ascorbic  acid 

Riboflavin 

Nicotinamide 

5.0 

200.0 

10.0 

50.0 

from  the  tablet  was  somewhat  slower  than  from  the  pure  solution- 
In  the  case  of  the  thiamine  this  may  actually  be  desirable,  be¬ 
cause  the  total  quantity  of  extra  thiamine  absorbed  and  conse¬ 
quently  excreted  following  tablet  dosage  was  consistently  greater 
than  that  following  the  administration  of  the  pure  solution.  It 
appears  probable  that  under  these  circumstances  less  thiamine 
was  destroyed  in  the  intestinal  tract  (6,  9)  prior  to  absorption 
The  data  in  Table  III  also  indicate  that  whereas  riboflavin 
taken  in  pure  solution  was  rapidly  absorbed  and  excreted,  there 
was  a  significant  lag  when  the  vitamin  was  taken  in  the  form  of 
the  intact  tablet,  the  values  for  the  first  4-hour  period  being  rela¬ 
tively  small.  However,  during  subsequent  periods  the  rate  of 
riboflavin  absorption  increased  markedly,  so  that  24  hours  after 
dosage  the  same  percentage  of  the  test  dose  was  found  in  the 
urine  as  when  the  pure  solution  was  taken  (see  Table  IV).  The 
results  obtained  in  the  riboflavin  experiments  are  consistent  with 
the  low  solubility  of  pure  riboflavin. 

In  Table  IV  are  summarized  the  results  of  the  serial  roentgeno¬ 
grams  of  the  test  subjects  taken  periodically  after  the  tablets 
had  been  swallowed  whole.  For  illustrative  purposes  typical 
roentgenograms  obtained  with  subject  D.M.  are  presented  (Figure 
1).  In  Table  IV  the  word  “tablets”  is  written  in  quotation 
marks  for  the  reason  that  the  circular  shadows  on  the  x-ray  have 
been  uncritically  assumed  by  some  roentgenologists  to  be  intact 
tablets.  The  following  observations  prove  the  error  of  this  in¬ 
terpretation: 


the  normal  digestive  processes  to  disintegrate  them  and  liberate 
their  contents  for  absorption. 

Results  op  Urinary  Excretion  Studies.  Table  II  presents 
the  results  of  experiments  on  the  availability  of  the  water-soluble 
vitamins  derived  from  the  intact  tablets.  They  demonstrate  that 
these  vitamins  are  as  completely  availa¬ 
ble  when  taken  in  the  intact  tablet  as 
when  administered  in  pure  solutions. 

The  data  indicate  the  thiamine  avail¬ 
ability  to  be  122%.  This  apparently 
greater-than-theoretical  availability  of 
thiamine  is  not  an  artifact;  it  has  been 
consistently  observed  in  other  assays  of 
this  and  similar  tablets  from  the  same 
source.  In  the  case  of  nicotinamide, 
measurements  are  made  of  the  urinary 
iV1-methylnicotinamide,  the  main  ex¬ 
cretory  product  of  nicotinamide  dosage. 

Correlation  of  Urinary  Excretion 
Values  with  Serial  Roentgenograms. 

The  24-hour  urine  samples  collected 
during  the  control  and  test  periods, 
following  dosage  with  pure  solution  and 
tablets,  respectively,  were  partitioned  in 
order  to  determine  the  relative  rates  of 
vitamin  availability.  These  data  were 
of  value  in  interpreting  the  x-ray  findings. 

The  average  urinary  excretion  results 
obtained  for  the  four  water-soluble 
vitamins  are  presented  in  Table  III.  The 
values  following  dosage  were  corrected 
for  the  basal  figures  for  the  corresponding 
test  periods  and  the  results  for  each  period 
listed  as  per  cent  of  the  total  24-hour  ex¬ 
cretion.  In  the  case  of  ascorbic  acid, 
thiamine,  and  nicotinamide,  the  major 
urinary  excretion  of  the  test  doses  oc¬ 
curred  during  the  first  8  hours  and  was 
followed  by  a  progressive  decrease.  The 
rate  of  absorption  of  these  vitamins 


Seven  of  the  15  tablets  (average  for  the  five  subjects)  were 
clearly  visible  in  the  4-hour  roentgenograms.  This  is  a  minimal 
figure,  since  others  may  have  been  present  but  concealed  by 
bone  tissue.  However,  the  urinary  excretion  of  the  vitamins  or 
derivatives  during  the  second  4-hour  period  was  considerable, 
approximating  that  noted  during  the  first  4-hour  period  follow¬ 
ing  the  taking  of  the  pure  solutions.  This  indicated  that  4  hours 


Table  II.  Availability 


Vitamin 


Ascorbic  acid 


Thiamine 


Riboflavin 


of  Water-Soluble  Vitamins  in  a 

Control  Period 


Multivitamin-Mineral  Tablet 


Excretion,  Mg.  per 
24  Hours 


Excretion, 


24  Hours 


Test  Period 
Mg.  per 


Nicotinamide 


Subject 

Basal 

After  dosage 

excreted 

Dose,  200  Mg.  of  Ascorbic  Acid  I 

J.C. 

57 

183 

63 

E.M. 

41 

159 

59 

D.M. 

47 

131 

42 

M.H. 

70 

162 

46 

H.H. 

28 

93 

33 

Av. 

49 

146 

49 

Dose,  5.0  Mg.  of  Thiamine 

J.C. 

0.16 

0.87 

14 

E.M. 

0.31 

1.23 

18 

D.M. 

0.25 

1.10 

17 

M.H. 

0.21 

1.22 

20 

H.H. 

0.19 

1.13 

19 

Av. 

0.22 

1.11 

18 

Dose, 

10.0  Mg.  of  Riboflavin 

J.C. 

0.69 

4.95 

43 

E.M. 

0.54 

7.05 

65 

D.M. 

0.59 

5.43 

48 

M.H. 

0.72 

5.37 

46 

H.H. 

0.55 

6.71 

62 

Av. 

0.62 

5.90 

53 

Dose,  50.0  Mg.  of  Nicotinamide 

J.C. 

5.8 

20.5 

29 

E.M. 

6.2 

20.5 

29 

D.M. 

4.1 

13.9 

20 

M.H. 

5.2 

10.4 

10 

H.H. 

3.5 

11.2 

15 

Av. 

5.3 

15.5 

21 

Basal  After  dosage 


Availability 


35 

18 

38 

17 

20 

26 


116 

92 

128 

96 

109 

108 


%  dose 
excreted 


47 
43 
52 
46 
52 

48 


Dose,  15  Tablets  (5.91  Mg.  of  Thi¬ 
amine) 


0.33 

0.42 

0.39 

0.27 

0.39 

0.36 


2.01 

1.61 

1.62 

1.52 

1.69 

1.69 


28 

20 

21 

21 

22 

22 


Dose,  15  Tablets  (10.6  Mg.  of 
Riboflavin) 

0.68  5.12  42 

0.95  8.17  68 

0.69  5.79  48 

0.84  7.20  60 

0.74  6.83  57 

0.78  6.62  55 

Dose,  15  Tablets  (55.0  Mg.  of 
Nicotinamide) 


6.2 

5.9 

6.7 

4.5 

3.0 

5.2 


17.9 

18.8 

16.6 

12.5 

14.7 

16.1 


21 

24 

18 

15 

21 

20 


Ascorbic  acid  =  48/49  X  100  =  98% 

Thiamine  =  22/18  X  100  —  122% 

Riboflavin  =  55/53  X  100  =  104% 
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Table  III.  Rate  of  Urinary  Excretion  of  Water-Soluble  Vitamins 

(Following  oral  dose  of  pure  aqueous  solutions  and  intact  tablets  expressed 
as  per  cent  of  24-hour  excretion  figures®) 


lets.  The  disintegration  test  was  that  described  by  the  War 
Food  Administration  ( 1 )  in  specifications  for  vitamin  tablets  (or 
capsules). 


Periodic  Excretion  & 


- > 

1.  Original  tablet 

2.  Gastric  juice  2  hours 

3.  Gastric  juice  2  hours,  pancreatic 

juice  0.5  hour 

4.  Gastric  juice  2  hours,  pancreatic 

juice  1  hour 

5.  Gastric  juice  2  hours,  pancreatic 

juice  2  hours 

6.  Gastric  juice,  2  hours,  pancreatic 

juice  2  hours,  gently  tapped 


4  5  6 

Fisure  2.  Tablet  A  Subjected  to  in  Vitro  Disintegration  Test  (7) 


First 

Second 

Third 

Last 

Dosage 

4 

4 

4 

12 

Vitamin 

From  Quantity 

hours 

hours 

hours 

hours 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Pure  solution 

200 

25 

30 

11 

34 

Ascorbic  acid 

15  tablets 

173 

19 

36 

20 

26 

Pure  solution 

5.0 

45 

35 

6 

14 

Thiamine 

15  tablets 

5.9 

17 

45 

23 

14 

Pure  solution 

10.0 

56 

21 

8 

15 

Riboflavin 

( 15  Tablets 

10.6 

9 

35 

21 

35 

Pure  solution 

50.0 

40 

14 

12 

33 

Nicotinamide  c 

15  tablets 

55.0 

28 

30 

8 

40 

a  Correction 

made  for  basal 

excretion 

values 

when  standardized  diet 

alone  was  ingested. 

b  Average  values  for  five  test  subjects. 
c  Excreted  as  A^-methylnicotinamide. 


Table  IV.  Serial  Roentgenograms  of  Subjects  Following  Tablet 

Dosage 


Seen  on  X-Ray  Films  after  Dosage 


4  Hours 


8  Hours 


12  hours 


Sub¬ 

“Tab-  ' 

Frag¬ 

“Tab¬ 

Frag¬ 

“Tab¬ 

Frag¬ 

ject 

lets” 

ments 

lets” 

ments 

lets” 

ments 

J.C. 

9 

0 

3? 

3? 

0 

5? 

E.M. 

6 

0 

1 

0 

0 

0 

D.M. 

6 

0 

2 

0 

2 

0 

M.H. 

9 

0 

4 

1 

1 

0 

H.H. 

5 

0 

1 

0 

1 

0 

24  hours 
“Tab-  Frag- 
lets”  ments 


Multivitamin  tablets,  pills,  and  capsules,  after  being  sus¬ 
pended  for  2  hours  on  a  16-mesh  wire  screen  in  artificial  gastric 
fluid  at  37°  C.  and  then  similarly  suspended  for  2  hours  in  artifi¬ 
cial  intestinal  fluid  at  37°  C.,  shall  disintegrate  sufficiently  so 
that  the  active  ingredients  will  be  completely  dispersed.  The 
artificial  intestinal  fluid  may  be  slightly  agitated  to  aid  dispersion 
at  The  end  of  the  second  2-hour  period. 


The  artificial  digestive  fluids  for  these  tests  were  prepared 
according  to  prescribed  formulas  ( 1 ). 

From  Figure  2,  showing  the  state  of  disintegration  of  the  tablet, 
it  is  apparent  that  at  the  end  of  the  2-hour  suspension  of  the 
product  in  the  artificial  gastric  juice  only  superficial  disintegration 
had  occurred.  However,  within  0.5  hour  after  the  gastric  juice 
had  been  replaced  by  the  alkaline  intestinal  fluid,  marked  dis¬ 
integration  of  the  tablet  occurred,  much  of  the  inner  granular 
material  having  being  washed  out.  After  a  full  hour  of  “intes¬ 
tinal”  digestion,  hollow,  opaque  shells  remained,  the  material 
adherent  to  each  shell  being  of  a  loose  granular  consistency,  so 
that  with  agitation  it  could  be  removed.  At  the  end  of  the 
second  hour  of  “intestinal”  digestion  the  tablet  residua  or  “shells” 
were  extremely  thin  and  fragile  and  could  be  broken  into  small 
fragments  merely  by  gentle  tapping. 

In  Figure  3  is  presented  a  series  of  roentgenograms  showing 
the  opacity  of  the  tablet  during  the  course  of  in  vitro  digestion. 
This  readily  accounts  for  the  appearance  of  shadows  on  the 
roentgenograms  of  the  test  subjects  which  suggested  the  presence 
of  undigested  tablets,  despite  the  fact  that  the  vitamins  (or  de¬ 
rivatives)  were  being  excreted  at  a  rate  only  slightly  less  than 
that  noted  with  pure  solutions.  Obviously,  therefore,  it  is  errone- 


after  tablet  dosage  the  vitamins  are  in  solution  to  the  same  ex¬ 
tent  as  those  in  the  control  solutions  taken  postprandially. 
Remembering  that  this  is 
over  and  above  the  quanti¬ 
ties  excreted  during  the  first  1 

4  hours  after  the  intact 
tablets  were  ingested,  it  is 
hardly  possible  that  such 
large  quantities  of  vitamins 
could  have  been  excreted 
while  one  half  of  the  tablets 
were  still  intact.  The  only 
likely  explanation  of  this 
seemingly  paradoxical  situa¬ 
tion  is  that  the  shadows 
seen  on  the  x-ray  films 
are  not  those  of  intact 
tablets  but  rather  tablet 
residua. 


Support  for  this  conclu¬ 
sion  was  found  in  the  in 
vitro  disintegration  tests 
supplemented  by  periodic 
photographs  and  roentgeno¬ 
grams  of  the  digested  tab- 
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Figure  3.  Opacity  to  X-Rays  of  Multivitamin-Mineral  Tablet  during 

Tablet  viewed  through  superimposed  hand 

1.  Original  tablet 

2.  Gastric  juice  2  hours 

3.  Gastric  juice  2  hours,  pancreatic  juice  1  hour 

4.  Gastric  juice  2  hours,  pancreatic  juice  2  hours 

ous  for  the  roentgenologist  to  conclude  that  such  shadows  repre¬ 
sent  undisintegrated  tablets  and  hence  unavailable  vitamins. 
Chemical  analyses  conducted  on  the  tablet  shells  have  shown 
them  to  be  almost  completely  free  from  ascorbic  acid,  thiamine, 
riboflavin,  and  nicotinamide,  containing  less  than  1%  of  the  vita¬ 
mins  in  the  original  tablet. 

Since  these  tablets  did  not  disintegrate  completely  in  a  static 
in  vitro  digestive  system  (T),  doubt  is  cast  upon  the  validity  of 
such  a  disintegration  test  as  an  index  of  availability.  Significant 
also  in  this  connection  are  the  loose  consistency  of  the  contents  of 
the  shells  and  the  apparent  absence  of  tablet  particles  from  the 
stools. 

STUDIES  WITH  MULTIVITAMIN-MINERAL  TABLET  B 

Urinary  excretion  studies  were  conducted  on  the  availability 
of  the  water-soluble  vitamins  in  Tablet  B  in  which  all  vitamins 
were  protectively  coated  with  a  water-insoluble  enzyme-resistant, 
film.  It  was  found  that  coating  the  more  soluble  components, 
ascorbic  acid,  thiamine,  and  nicotinamide,  did  not  interfere  with 
their  availability.  However,  in  the  case  of  riboflavin,  there  was 
a  marked  decrease  in  the  urinary  excretion  values  following 
tablet  dosage,  indicating  that  only  a  fraction  of  the  riboflavin 
was  absorbed  from  the  disintegrated  tablet  during  its  passage 
through  the  gastrointestinal  tract.  The  riboflavin  excretion 
data  presented  in  Table  V  indicate  that  55%  of  the  riboflavin  in 
this  tablet  was  available  for  absorption.  The  responses  among 
the  various  subjects  during  control  and  test  periods  were  strik¬ 
ingly  uniform. 

The  most  obvious  explanation  of  the  lower  availability  of  the 
riboflavin  is  its  limited  solubility  in  water.  Thiamine,  ascorbic 


Table  V.  Availability  of  Coated”  Riboflavin  in  Multivitamin- 

Mineral  Tablet 

Control  Period,  Pure  Solution  Test  Period,  15  Tablets 

(10.0  Mg.  of  Riboflavin)  (11.8  Mg.  of  Riboflavin) 


Basal 

After 

Test 

Basal 

After 

Test 

excre¬ 

test 

dose 

excre¬ 

test 

dose 

Subject 

tion 

dose 

excreted 

tion 

dose 

excreted 

hours 

% 

3- Q./24  hours 

% 

J.C. 

0.77 

6.04 

53 

0.77 

5.63 

41 

E.M. 

0.82 

7.12 

63 

0.76 

4.08 

28 

D.M. 

0.76 

6.24 

55 

0.54 

3.47 

25 

M.H. 

0.81 

6.07 

53 

0.69 

3.99 

28 

H.H. 

0.87 

6.29 

54 

1.03 

4.70 

31 

Av. 

0.81 

6.35 

56 

0.76 

4.37 

31 

Availability  of  riboflavin  in  tablets  =  X  100  =  55% 


°  Water-soluble  vitamins  coated  with  water-insoluble  enzyme-resistant 
material. 


acid,  and  nicotinamide  are  so  soluble 
that  retardation  of  the  rate  of  solution 
of  these  vitamins  because  of  the  organic 
protective  coating  does  not  interfere 
with  their  availability. 

The  possibility  existed  that  an  ap¬ 
preciable  part  of  the  extraurinary  ex¬ 
cretion  of  riboflavin  would  occur  during 
the  second  24-hcnir  period  following 
dosage  with  these  tablets.  Tests  on 
the  subsequent  urine  samples  showed 
that  the  extra  riboflavin  found  in  the 
second  24-hour  specimens,  over  and 
above  the  basal  excretions,  was  9%  of 
the  control  dose  of  pure  riboflavin  solu¬ 
tion  and  5  %  of  the  tablet  dosage. 

Thus,  calculation  of  the  riboflavin 
availability  based  upon  the  total 
48-hour  excretion  gave  the  same  value  as  was  found  for  the  first 
24  hours. 

In  many  studies  conducted  in  these  laboratories  both  on  the 
availability  of  vitamins  in  various  products  and  on  conditioning 
factors  (4)  which  may  reduce  the  availability,  analyses  were 
frequently  conducted  on  the  urine  samples  collected  during  the 
second  as  well  as  the  first  24-hour  period  following  dosage.  In 
no  case  did  the  carry-over  values  (second  24-hour  excretions) 
alter  the  interpretation  of  the  data  based  solely  upon  the  figures 
obtained  for  the  first  24-hour  samples.  If  vitamin  absorption 
from  the  gastrointestinal  tract  is  to  be  adequate,  it  must  occur 
well  within  the  first  24  hours  following  dosage.  Otherwise,  the 
vitamins  are  excreted  in  the  stools  and  lost  to  the  organism. 

The  assays  of  this  product  were  repeated  and  confirmatory  re¬ 
sults  obtained;  the  availability  of  the  riboflavin  was  now  found 
to  be  51%,  whereas  again  no  interference  in  availability  of  the 
other  water-soluble  vitamins  was  noted  (see  Table  VII).  When 
these  tablets  were  chewed,  rather  than  swallowed  whole,  there 
was  an  increase  in  the  quantity  of  riboflavin  absorbed  from  the 
gastrointestinal  tract,  the  availability  being  75%.  Reducing 
the  tablet  dose  to  one  third,  but  still  swallowing  the  product 
whole,  gave  a  value  of  85%  riboflavin  availability.  The  limited 
solubility  of  the  vitamin  in  the  digestive  juices,  as  well  as  the 
additional  possibility  that  the  protective  coating  interfered  with 
the  extractability  of  this  vitamin,  may  have  been  responsible 
for  its  lower  availability  when  the  15-tablet  dosage  was  adminis¬ 
tered.  Another  batch  of  tablets  was  prepared  in  the  same  man¬ 
ner  except  that  this  time  the  riboflavin  was  not  coated.  Complete 
availability  (15-tablet  dosage)  was  now  attained,  the  figure  of 
91%  being  within  the  experimental  error  of  the  assay  technique. 

Roentgenograms  of  these  tablets  in  the  course  of  digestion  in 
vitro  and  in  vivo  were  similar  to  those  for  Tablet  A.  In  no  case 
were  tablets  or  tablet  residua  recovered  from  the  stools.  There¬ 
fore  disintegration  in  vivo  cannot  be  regarded  alone  as  indicative 
of  complete  availability.  When  these  tablets  were  subjected  to 
the  War  Food  Administration  test  (7)  the  same  results  were  ob¬ 
tained  with  Tablet  B  as  with  Tablet  A.  Despite  the  fact  that 
unequivocal  evidence  of  interference  in  riboflavin  availability  was 
obtained  in  the  urinary  excretion  studies,  this  in  vitro  test  failed 
to  differentiate  between  these  two  types  of  tablets.  Thus,  the 
difference  in  the  availability  of  the  riboflavin  in  Tablets  A  and  B 
is  not  reflected  either  by  roentgenographic  studies  or  by  simple 
disintegration  tests  whether  conducted  in  vivo  or  in  vitro. 

STUDIES  WITH  B-COMPLEX  CAPSULE  E 

Adsorbents  are  frequently  used  in  pharmaceutical  preparations 
for  one  reason  or  another.  The  effectiveness  of  certain  adsorbents 
in  removing  B  vitamins  was  widely  utilized  for  the  concentration 
and  isolation  of  these  factors  from  natural  sources.  An  acid-clay 
adsorbate  of  vitamin  B,  was  formerly  employed  as  the  reference 
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material  for  bioassay  purposes,  the  international  unit  being  de¬ 
fined  as  the  antineuritic  activity  of  10  mg.  of  a  standard  adsorb¬ 
ate  {IS).  However,  subsequent  studies  (11,  13)  have  shown  that 
this  material,  an  international  standard,  contained  actually 
twice  as  much  thiamine  as  was  believed  to  be  present  because 
during  digestion  by  the  rat  only  half  of  the  thiamine  was  eluted. 


Table  VI.  Availability  of  Thiamine  in  B-Complex  Capsule 
Containing  Fuller's  Earth 

Control  Period,  Pure  Solution  Test  Period,  5  Capsules® 

(5.0  Mg.  of  Thiamine)  (5.0  Mg.  of  Thiamine) 


Basal 

After 

Test 

Basal 

After 

Test 

excre¬ 

test 

dose 

excre¬ 

test 

dose 

Subject 

tion 

dose 

excreted 

tion 

dose 

excreted 

Mg./ 24  hours 

% 

Mg./ 2/.  hours 

% 

J.C. 

0.20 

1.08 

18 

0.24 

0.41 

3 

E.M. 

0.23 

1.00 

15 

0.27 

1.08 

16 

D.M. 

0.30 

1.35 

21 

0.29 

0.58 

6 

M.H. 

0.26 

1.50 

25 

0.21 

0.59 

8 

H.H. 

0.24 

1.39 

23 

0.23 

0.48 

5 

Av. 

0.25 

1.26 

20 

0.25 

0.63 

8 

g 

Availability  of  thiamine  in  capsules  =  —  X  100  =  40% 


a  Each  containing  333  mg.  of  fuller’s  earth  as  a  riboflavin  adsorbent. 


Considerable  difficulties  were  encountered  at  one  time  in 
chemical  analysis  of  a  B-complex  capsule  containing  a  fuller’s 
earth  adsorbate.  Exhaustive  strong  acid  extraction  was  neces¬ 
sary  to  obtain  results  in  agreement  with  the  claimed  quantity 
of  thiamine.  This  led  to  the  suspicion  that  the  vitamin  in  this 
capsule  might  not  be  completely  available  to  the  human.  The 
results  of  the  urinary  excretion  tests  in  which  five  capsules  were 
taken  postprandially  by  each  of  the  test  subjects  are  presented 
in  Table  VI.  These  indicate  that  the  availability  of  thiamine  in 
this  capsule  was  very  low,  the  average  for  the  five  subjects  being 
40%.  It  is  of  interest  to  note  that  the  findings  for  one  of  the  sub¬ 
jects  indicated  his  ability  to  effect  complete  elution  of  the  thia¬ 
mine  from  the  fuller’s  earth  adsorbate.  The  study  was  repeated 
with  this  individual  and  essentially  the  same  results  were  ob¬ 
tained.  This  variability  in  the  responses  of  the  human  subjects 
finds  its  counterpart  in  the  variability  in  the  responses  of  rats 
in  the  old  biological  assay  procedure  when  the  standard  adsorb¬ 
ate  was  employed  as  the  reference  material. 

In  order  to  ascertain  whether  the  apparent  low  availability  of 
the  thiamine  was  due  to  a  slow  rate  of  absorption  of  the  vitamin 
as  evidenced  by  a  delay  in  its  excretion,  analyses  were  conducted 
on  the  urine  samples  collected  during  the  second  24-hour  period 
following  dosage.  The  “carry-over”  values  showed  the  same  re¬ 
lationship  to  each  other  as  those  of  the  first  24-hour  samples. 
The  low  thiamine  availability  must  therefore  be  attributed  to 
incomplete  elution. 

Similar  studies  conducted  with  the  adsorbate  indicated  that 
only  79%  of  the  riboflavin  present  was  available.  In  vitro  tests 
furnished  additional  evidence  in  support  of  the  results  obtained 
in  the  human  bioassays.  Thiamine  was  found  to  be  more  readily 
adsorbed  and  more  firmly  retained  by  the  adsorbent  than  ribo¬ 
flavin. 

When  the  vitamin  capsule  was  subjected  to  the  disintegration 
test  of  War  Food  Administration  ( 1 ),  the  gelatin  shells  were 
readily  digested,  leaving  the  contents  on  the  screen  as  a  soft  co¬ 
herent  mass.  With  agitation  the  particles  were  readily  dispersed, 
so  that  the  capsule  would  have  passed  the  disintegration  test. 
The  capsules  were  opaque  to  x-rays,  although  during  digestion 
their  contents  soon  became  diffused  and  indistinguishable.  That 
this  indication  of  disintegration  could  not  be  accepted  as  proof  of 
availability  was  demonstrated  by  the  finding  of  only  partial 
availability  of  the  B  vitamins  in  the  urinary  excretion  tests. 
The  results  of  the  studies  with  this  capsule  illustrate  again  the 
limitations  of  serial  roentgenograms  and  of  simple  in  vitro  or  in 
vivo  digestion  tests  as  indexes  of  vitamin  availability. 


DISCUSSION 

In  Table  VII  is  presented  a  summary  of  the  availability  studies 
conducted  on  a  number  of  pharmaceutical  products.  An  index 
of  the  reproducibility  of  the  technique  is  obtained  from  an  ex¬ 
amination  of  the  results  obtained  in  repeated  assays  of  the  same 
product.  These  data  serve  to  emphasize  that  in  the  case  of  Tablet 
A  enhanced  thiamine  stability  in  vivo  occurs,  so  that  a  greater 
fraction  of  the  test  dose  is  absorbed  (and  excreted)  following 
tablet  dosage.  That  thiamine  may  evidence  varying  degrees  of 
stability  in  the  digestive  tract  has  been  demonstrated  (6,  9). 
The  results  obtained  in  test  Tablet  B,  particularly  with  reference 
to  riboflavin  availability,  are  in  consistent  agreement  with  the 
low  solubility  of  this  vitamin  in  aqueous  solutions.  The  values 
obtained  with  Capsule  E,  containing  the  fuller’s  earth  adsorbate, 
find  experimental  support  in  rat  assays  of  similar  adsorbates. 

The  results  of  the  present  study  demonstrate  that  of  the  vari¬ 
ous  assay  techniques  employed,  the  only  reliable  procedure  for 
estimating  vitamin  availability  is  the  one  based  upon  urinary 
excretion  measurements.  By  this  technique  the  availability  of 
specific  vitamins  may  be  determined  and  assays  for  a  number  of 
factors  conducted  all  at  the  same  time.  It  has  been  found  in  the 
course  of  these  studies  that  the  control  responses  by  the  stand¬ 
ardized  subjects  following  pure  solution  dosage  are  reproducible 
(within  =*=  10%),  so  that  the  control  tests  need  not  be  repeated 
each  time  (7).  Thus,  for  subsequent  routine  assays  conducted 
on  Tablet  A  an  experimental  period  of  only  2  days  was  required, 
the  remainder  of  the  week  being  devoted  to  analyses  of  the  urine. 
It  has  also  been  possible  by  collecting  the  urine  samples  at  the 
end  of  consecutive  4-hour  periods  to  evaluate  rate  as  well  as 
degree  of  vitamin  availability. 


Table  VII.  Summary  of  Availability  Studies  Conducted  on  Phar¬ 
maceutical  Products 

Availability  of  Vitamins 


Ascorbic 

Thia- 

Kibo- 

Nicotin¬ 

Sample 

acid 

mine  flavin 

Per  cent 

amide 

Multivitamin-Mineral  Tablet  A® 

98 

122 

104 

105 

Same  but  from  another  batch 

102 

182 

106 

81 

Same  but  from  another  batch 

98 

147 

102 

80 

Same  but  from  another  batch 

96 

129 

Multivitamin-Mineral  Tablet  B, 

riboflavin  coated  b 

115 

106 

55 

100 

Same  but  from  another  batch 

86 

113 

51 

107 

Same  but  tablets  chewed c 

75 

Same  but  tablet  dose  reduced 

to  33% 

85 

Same  but  riboflavin  in  tablet 

uncoated 

91 

Multivitamin-Mineral  Tablet  C. 

riboflavin  coated4 

107 

Multivitamin  Tablet  D® 

96 

141 

98 

115 

B-Complex  Capsule  E,  contain- 

ing  fuller’s  earth  adsorbate 

35 

79 

°  Commercial  tablets  of  same  manufacture. 

b  Water-insoluble  enzyme-resistant  organic  material  employed  in  coating 
all  water-soluble  vitamins. 

c  For  this  assay  alone  tablets  chewed  before  swallowing;  in  all  others 
tablets  taken  whole.  #  . 

d  Riboflavin  coated  with  water-insoluble  organic  material  readily  solu¬ 
bilized  by  digestive  fluids. 


Various  simplifications  in  technique  suggest  themselves.  It 
should  be  possible  to  pool  the  urine  specimens  from  the  five  sub¬ 
jects  and  conduct  the  analyses  on  just  the  composite  sample. 
Since  calculations  of  the  availability  of  vitamins  in  pharmaceuti¬ 
cal  products  are  based  entirely  upon  the  extra  excretion  following 
test  dosage,  simplifications  of  the  methods  employed  for  the  analy¬ 
ses  of  the  urine  samples  are  justified.  For  example,  the  titri- 
metric  procedure  for  ascorbic  acid  (5)  may  be  employed,  since 
the  calculations  of  the  extraurinary  excretion  values  automati¬ 
cally  correct  for  the  presence  of  nonspecific  reducing  substances 
in  the  urine  samples  obtained  during  the  two  consecutive  periods 
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Analyses  may  be  run  for  only  one  factor,  preferably  riboflavin, 
the  least  soluble  of  the  factors,  to  yield  data  indicating  tablet 
disintegration  in  vivo.  However,  the  results  of  such  tests  must 
be  interpreted  with  caution  if  deductions  are  to  be  drawn  on  the 
availability  of  the  other  factors. 

Because  fat-soluble  vitamins  are  not  normally  excreted  in  the 
urine,  the  procedure  here  described  is  unsuited  to  the  determina¬ 
tion  of  their  physiological  availability.  An  indirect,  but  none¬ 
theless  sound,  approach  to  this  question  can  be  made  by  corre¬ 
lating  bioassay  experience  with  analytical  data  (Table  VIII). 

In  the  manufacture  of  sugar-coated  tablets,  the  central  core 
usually  receives  a  moisture-repellent  coating  of  shellac.  This 
shellac  film  is  indigestible  and  may  contain  as  much  as  10  to  15% 
of  the  vitamin  A  as  determined  by  colorimetric  analyses  ( 10 )  of 
the  shell  residua  remaining  after  an  in  vitro  disintegration  (1). 

|  Nevertheless,  bioassays  (12)  of  ground  whole  tablets  and,  what 
is  more  critical  of  the  ground  tablet  residua,  fail  to  show  less 
|  than  complete  availability  to  the  rat  of  such  vitamin  A  or  D  as 
may  be  contained  in  the  shellac  coating.  In  order  to  feed  assay 
doses  of  vitamin  tablets  to  rats  it  is  necessary  first  to  grind  the 
tablets.  A  finding  that  whole  tablets  actually  disintegrate  to 
the  same  degree  in  human  digestive  fluids  would  constitute 
indisputable  evidence  that  this  preliminary  disintegration  for 
assay  purposes  is  a  justifiable  practice.  However,  it  could  be 
argued  that  a  finer  state  of  subdivision  is  achieved  by  the  pre¬ 
liminary  grinding  of  tablets  or  shell  residua  for  assay  than  might 
normally  occur  in  the  human  intestinal  tract.  That  this  argu¬ 
ment  is  untenable  is  shown  by  the  fact  that  the  efficiency  of  in 
vitro  extraction  of  vitamin  A  from  tablet  residua  by  repeated 
washings  with  the  digestive  fluids  was  not  influenced  by  the  de¬ 
gree  of  subdivision.  In  other  words,  even  when  finely  ground, 
these  shellac  films  or  shells  retain  a  residuum  of  vitamin  A  which 
is  resistant  to  further  in  vitro  extraction. 

Thus,  in  tablets  whose  water-soluble  vitamins  are  shown  by 
urinary  excretion  studies  to  be  completely  available,  the  avail¬ 
ability  of  the  fat-soluble  vitamins  is  supported  by  the  facts  that 
(a)  the  tablets  disintegrate  in  the  human  digestive  tract,  ( b ) 
bioassays  for  vitamins  A  and  D  indicate  that  the  rat  is  capable  of 
extracting  them  completely  from  ground  tablet  residua,  and  (c) 
the  vitamin  A  remaining  in  the  shells  after  repeated  in  vitro  ex¬ 
traction  is  independent  of  the  state  of  subdivision. 

It  is  of  course  inconsistent  with  these  observations  to  accept  as 
physiologically  available  all  the  vitamins  in  a  tablet  merely  be¬ 
cause  its  fragments  after  an  in  vitro  digestion  test  are  small  enough 
to  pass  through  a  screen  of  arbitrary  mesh;  on  the  other  hand, 
failure  to  disintegrate  into  small  particles  does  not  constitute 
ipso  facto  evidence  of  nonavailability. 

SUMMARY 

The  need  for  methods  for  the  determination  of  the  availability 
to  man  of  vitamins  in  pharmaceutical  capsules  and  tablets,  par¬ 
ticularly  when  these  products  are  taken  intact,  has  recently  been 
emphasized.  Simple  in  vitro  and  in  vivo  disintegration  tests  and 
roentgenograms  taken  serially  after  dosage  with  the  test  product 
have  proved  to  be  of  only  limited  value  and  may  even  lead  to  mis¬ 
interpretation.  The  only  suitable  procedure  for  estimating  the 
availability  to  man  of  the  water-soluble  vitamins  in  pharmaceu¬ 
tical  products  is  that  based  upon  measurement  of  the  urinary 
excretion  of  the  vitamins  (or  derivatives)  following  dosage.  The 
urinary  values  obtained  with  normal  test  subjects  parallel  the 
vitamin  intake.  For  the  purpose  of  calculating  the  degree  of 
vitamin  availability,  comparison  is  drawn  between  the  extra 
urinary  excretion  following  dosage  with  the  test  material  and 
that  following  administration  of  the  vitamins  in  pure  aqueous 
solution,  the  form  in  which  they  are  considered  to  be  most  readily 
available  for  absorption. 

It  has  been  demonstrated  that  vitamin  availability  may  be 
reduced  even  in  tablets  or  capsules  which  disintegrate  in  vitro  or 


in  vivo,  and  that  one  vitamin  may  be  completely  available  for 
absorption  while  another  is  only  partly  available.  By  the  new 
bioassay  technique,  described  in  this  report,  it  is  possible  to 
carry  out  simultaneous  tests  for  four  vitamins  (ascorbic  acid, 
thiamine,  riboflavin,  and  nicotinamide) ;  to  evaluate  rate  as  well 
as  degree  of  vitamin  availability;  to  conduct  the  tests  directly  on 
human  subjects;  and,  when  the  responses  of  the  test  subjects 
have  been  sufficiently  standardized  to  pure  solution  dosage,  to 
complete  the  availability  study  on  a  given  product  within  as 
short  a  period  as  one  week.  The  precision  of  the  assays  is  superior 
to  that  of  most  animal  tests.  An  indirect  procedure  is  described 
for  estimating  the  availability  of  the  fat-soluble  vitamins  in 
multivitamin  products.  Various  simplifications  in  the  assay 
techniques  are  suggested. 


Table  VIII.  Availability  of  Fat-Soluble  Vitamins'* 1 11  in  Multivitamin 

Tablet  D 


Experiment 

Availability  to  man  of 
water-soluble  vita¬ 
mins  in  intact  tablets 


Rat  biological  assays 
for  vitamins  A  and  D 
on  ground  tablets 


Vitamins  in  table  re¬ 
sidua  after  in  vitro 
disintegration  test  (1) 


Vitamin  Ab  in  tablet 
residua  after  repeated 
washings  of  particles, 
varying  in  size<* 


Rat  biological  assays 
for  vitamins  A  and  D 
on  ground  tablet  re¬ 
sidua 


Results 

Ascorbic  acid,  96%; 
thiamine,  141%  ;  ribo¬ 
flavin,  98%;  nicotin¬ 
amide  115% 

Vitamin  A,  not  less  than 
2500  units  per  tablet; 
vitamin  D,  not  less 
than  200 

Water-soluble  vitamins, 
less  than  1%  of  total. 
Vitamin  A&  =  308; 
vitamin  Dc  =  30 

units  per  tablet 
residuum 

Unbroken  half  shells  = 
300  units  per  tablet 
residuum;  washings  = 
4.  5  - mesh  par¬ 

ticles  =  360;  wash¬ 
ings  =  3.  Fine  par¬ 
ticles  e  =  292;  wash¬ 
ings  =  1 


Vitamin  Ac  =  300; 

vitamin  Dc  =  30 

units  per  tablet 
residuum 


Conclusions 

Tablets  disintegrate  in 
vivo 


Presumptive  evidence 
for  availability  of 
fat-soluble  vitamins 


Shellac  coatings  in  tab¬ 
lets  retain  12%  of 
vitamin  A  and  15%  of 
vitamin  D 


Degree  of  subdivision  of 
particles  is  no  index  of 
amounts  of  fat-soluble 
vitamins  retained. 
Interpretation  of 
availability  based  on 
simple  W.F.A.  disin¬ 
tegration  test  (1) 
lacks  experimental 
support 

Fat-soluble  vitamins  in 
shellac  coatings  are 
available 


a  Specifications  called  for  2500  U.S.P.  units  of  vitamin  A  and  200  U.S.P 
units  of  vitamin  D  per  tablet.  t  . 

b  Test  conducted  on  unsaponifiable  extract  by  colorimetric  procedure  {10). 
c  Multiple  level  rat  assay  (1 2).  . 

d  Tests  conducted  on  three  samples  of  tablets.  After  enzymic  digestion 
(/),  residua  were  ground  (where  indicated)  and  washed  with  digestive  fluids. 
e  Suitable  for  feeding  in  rat  assay  {12). 
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The  applicability  of  the  atomic  dilution  factor  in  spectrochemical 
analysis  has  been  studied,  using  two  methods  for  exciting  the  spectra 
of  ferrous  alloys:  a  technique  described  by  Hasler,  Harvey,  and 
Dietert  (3)  and  chill-cast  metal  electrodes  in  a  condensed  spark 
circuit.  The  alternating  current  spark  analytical  procedure  was  found 
adequate  for  routine  spectrochemical  analysis.  Dilution  may  be 
expressed  in  terms  of  atomic  per  cent  dilution,  permitting  economi¬ 
cal  and  accurate  analysis  of  a.  wide  range  of  alloys  without  recourse 
to  a  series  of  standard  samples  or  a  number  of  calibration  curves  for 
each  alloy. 


centration  of  alloying  elements  other  than  X  can  be  spectrographi- 
cally  analyzed  for  X  by  the  following  steps: 

1.  Determining  the  relative  intensity  ratio  of  the  X  and  iron- 
spectrum  lines  in  the  conventional  manner 

2.  Multiplying  the  above  intensity  ratio  of  alloy  and  iron 

lines  by  the  atomic  dilution  factor  ^  to  get  the  corrected 


intensity  ratio  X  to  Fe 

3.  Using  the  standardization  curve  determined  from  X  —  Fe 
alloys  to  get  the  true  %  X  in  the  alloy 


The  calculation  of  the  atomic  percentages  for  the  various  elements 
in  steel  22,  Table  II,  is  given  as  follows: 


THE  variation  of  the  iron  spectrum  intensity  in  ferrous  alloys 
having  different  iron  contents  has  not  been  completely  and 
satisfactorily  discussed  in  spectrochemical  analysis.  The  prob¬ 
able  reason  for  lack  of  information  on  this  subject  is  that  com¬ 
mercial  installations  having  the  necessary  precision  are  not  called 
upon  to  handle  the  wide  range  of  ferrous  alloys  which  would  make 
such  a  study  necessary. 

At  The  Carpenter  Steel  Company  Laboratories,  a  day’s  run 
would  include  the  analysis  of  such  elements  as  manganese,  silicon, 
copper,  nickel,  cobalt,  molybdenum,  chromium,  vanadium, 
aluminum,  columbium,  tantalum,  and  tungsten  in  steels  repre¬ 
sented  by  the  SAE,  NE,  stainless,  high-speed,  carbon  and  tool, 
and  high-nickel  (up  to  80%  nickel)  grades  of  steels.  Under  these 
conditions  it  was  necessary  that  a  dilution  factor 

be  properly  evaluated  to  correct  for  the  decrease  in  _ 

intensity  of  the  iron  spectrum  as  the  percentage  of 
iron  is  decreased  (internal-standard  method  of 
spectrochemical  analysis);  otherwise  the  number 
of  standardization  curves  (concentration  vs.  rela¬ 
tive  intensity  of  an  alloy  line  to  an  iron  line)  would 
be  cumbersome,  if  not  unworkable. 

The  following  is  the  theoretical  effect  of  varia¬ 
tions  in  the  iron  content  on  the  relative  intensity 
of  the  iron  spectrum. 


Percentage 

%  by  Weight/ 

Moles/ 

Atomic 

by  Weight 

Atomic  Weight 

100  grams 

Percentage 

c 

0.095 

0.095/12.0 

0.0079 

0.43 

Mn 

0.53 

0.53/54.9 

0.0096 

0.53 

Si 

0.42 

0.42/28.06 

0.015 

0.83 

Cr 

18.23 

18.23/52.0 

0.350 

19.25 

Ni 

8.89 

8.89/58.7 

0.150 

8.25 

Fe 

71.835 

71.84/55.8 

1.285 

70.90 

100.000 

1.8175 

100.19 

The  atomic  dilution  factor  for  this  steel  is  0.71  on  the  basis  that  the 
iron  in  the  alloy  is  diluted  atomically  from  100%  to  71.0%  (1.00  to 
0.71).  Where  the  atomic  weights  of  the  diluting  elements  approach 
the  atomic  weight  of  iron,  the  atomic  dilution  factor  can  be  calculated 
with  sufficient  accuracy  by  subtracting  the  percentages  by  weight 
from  100  to  show  the  dilution  of  the  base  element — i.e.,  the  dilution  of 
the  internal  standard. 


Table  I.  Wave  Lengths  of  Spectrum  Lines  Used  in  Alloy  Analysis 


Element 


Copper 


Manganese 

Chromium 


Nickel 


If  the  sum  of  the  atomic  percentages  of  alloying 
constituents  other  than  X  is  grouped  together  as  F, 
then 

(X)  +  (F)  +  (Fe)  =  100  (1) 


Manganese 

Nickel 

Molybdenum 

Molybdenum 

Nickel 

Aluminum 


Concentration 

Range 

Alloy  Line 

Internal 

Standard 

Excitation 

% 

0. 10-0.35 

Cu 

A. 

3273.96 

A. 

Fe  3265.62 

D.C.  arc,  no  lens 
Sectored,  50% 
D.C.  arc,  no  lens 

0.25-1.50 

Mn  2933.06 

Fe  2920.69 

8 . 00-27 . 00 

Cr 

2879.3 

Fe  2872.3 

D.C.  arc,  no  lens 
Sectored,  50% 
D.C.  arc,  no  lens 
Sectored,  50% 
A.C.  spark,  no  lens 

5.00-12.00 

Ni 

2992.59 

Fe  2987.29 

0.15-0.70 

Mn 

2933.06 

Fe  2807 . 0 

0.10-0.70 

Ni 

3414.7 

Fe  3428.2 

A.C.  spark,  no  lens 

0.12-0.80 

Mo 

2816.2 

Fe  2807.0 

A.C.  spark,  no  lens 

0.50-1.50 

Mo 

2644.4 

Fe  2644.0 

A.C.  spark,  no  lens 

1.15-2.00 

Ni 

3423 . 7 

Fe  3424.3 

A.C.  spark,  no  lens 

0.06-1.20 

A1 

3944.0 

Ni  3973.56 

A.C.  spark,  no  lens 

where  (X)  is  the  percentage  concentration  of  the 
alloying  element  under  consideration.  Now,  as¬ 
sume  that  the  relative  intensities  of  a  pair  of  alloy  and  iron 
lines  depend  only  on  the  atomic  proportions  of  the  alloying  ele¬ 
ment  and  iron;  then 


(X)  _  „  lx 
(Fe)  A  JF. 


(2) 


(X)  K  lx  (X)  =  „  lx  (100  ~  Y) 

100  JFe  100  /re  100 


(3) 


In  setting  up  a  standardization  curve  y%  X  vs.  j— -  J  using 

alloys  where  Y  «  0,  the  second  term  on  the  left  in  Equation  3 
is  not  evaluated  and  so 


Fe(X)  =  K 


lx 

/Fe 


(I) 


The  applicability  of  the  atomic  dilution  factor  has  been  studied, 
using  two  methods  for  exciting  the  spectra  of  ferrous  alloys.  The 
first  makes  use  of  a  technique  described  by  Hasler,  Harvey,  and 
Dietert  (3).  Metal  filings  are  placed  on  the  platform  of  an  es¬ 
pecially  designed  carbon  electrode  and  burned  in  the  220-volt 
direct  current  arc.  In  this  method  the  application  of  the  atomic 
dilution  factor  is  in  accordance  with  the  theoretical  presentation. 
The  second  method  uses  chill-cast  metal  electrodes  in  a  condensed 
spark  circuit.  The  data  of  the  high-voltage  spark  analysis  show 
the  application  of  the  atomic  dilution  factor  to  be  at  variance 
with  the  method  used  in  the  direct  current  arc.  For  this  reason 
the  two  methods  are  presented  separately  below.  It  is  evident 
from  the  data  that  while  the  technique  of  applying  the  atomic 
dilution  factor  differs  between  the  two  methods,  the  required 
correction  is  numerically  equal  to  the  atomic  dilution  factor. 


expresses  the  ordinary  standardization  curve  constructed  by  vary¬ 
ing  X  in  iron  alloys  of  otherwise  low  alloy  content. 

Referring  now  to  Equation  3,  call  ■  ^  the  “atomic  dilu¬ 

tion  factor”,  and  we  find  that  an  alloy  having  an  appreciable  con- 


APPARATUS  AND  METHODS 

Sample  Preparation.  Cast  electrodes  are  used  for  the  con¬ 
densed  spark  spectrum.  The  electrode  diameter  is  0.8  cm.  (Vu 
inch),  and  the  electrodes  are  ground  to  a  spherical  dome  on  No. 
120  emery  paper. 
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Table  II.  Type0  and  Chemical  Analyses  of  Steels  Used 


Steel 

No. 

Type0 

C 

Mn 

Si 

Cr 

Ni 

Mo 

V 

Cu 

% 

% 

% 

% 

% 

% 

% 

% 

1 

SAE  52100 

0.98 

0.26 

0.25 

1.35 

0.18 

0 !  49 

0 

13 

2 

C.S.  Co.  Solar 

0.50 

0.40 

1.02 

0.20 

0.10 

3 

SAE  4140 

0.41 

0.70 

0.36 

0.85 

6' 06 

0. 18 

o' 22 

4 

SAE  6120 

0.49 

0.88 

0.46 

0.91 

5 

C.S.  Case-hardened  thread  gage 

0.18 

1.37 

0.22 

0.11 

0.05 

0 ' 09 

6 

420-F 

0.28 

0.36 

0.34 

13.67 

0. 15 

7 

410 

0.106 

0.46 

0.34 

12.37 

0.46 

0.20 

09 

8 

446  (C.S.S.  No.  7) 

0.124 

0.68 

0.56 

26.05 

0.12 

0 

9 

303 

0.098 

0.80 

0 . 57 

18.69 

7.70 

0 

10 

10 

321 

0.045 

1.01 

0.60 

17.92 

10.94 

11 

49%  Ni  Steel 

0.02 

0.46 

0.40 

0.13 

49.00 

0 

13 

12 

49%  Ni  Steel 

0.024 

0.46 

0.39 

0.15 

48 . 55 

0 

07 

13 

49%  Ni  Steel 

0.031 

0.30 

0.33 

0.13 

48.81 

0 

08 

14 

30%  Ni  Steel 

0.17 

0.73 

0.28 

0.08 

29.74 

0 

12 

15 

49%  Ni  Steel 

0.036 

0.29 

0.27 

0.13 

49.03 

0 

08 

16 

Invar 

0.096 

0.51 

0.25 

0.06 

35.59 

0 

11 

17 

Experimental 

0.27 

0.54 

1.59 

22.96 

12.09 

ii 

18 

32%  Ni  Steel 

0.08 

0.34 

0.15 

0.15 

32 . 56 

0 

19 

Experimental 

0.75 

0.27 

0.15 

0.16 

0.02 

0 

12 

20 

Experimental 

0.75 

0.27 

0.15 

0. 16 

0.02 

0 

1 8 

21 

Experimental 

0.75 

0.27 

0.15 

0.16 

0.02 

0 

22 

22 

302 

0.095 

0.53 

0.42 

18.23 

8.89 

0 

10 

23 

307 

0.085 

4.42 

0.29 

20.11 

9.82 

0 

14 

24 

308 

0.082 

1.82 

20.60 

10.20 

0 

12 

25 

403 

0.079 

0.38 

0'28 

12.40 

0.60 

0 !  60 

0 

11 

26 

Experimental 

0.88 

8.39 

6!  is 

27 

430 

O' 090 

0.35 

0 !  35 

16.80 

28 

443 

0.080 

0.46 

0.49 

20.10 

0.18 

29 

329 

0.057 

0.42 

0.42 

26.40 

4.80 

1 . 56 

30 

405 

0.07 

0.46 

0.24 

14.43 

0.18 

31 

440 

1.03 

0.38 

0.37 

17.00 

0.21 

32 

440 

1.11 

0.37 

0.40 

16.70 

0.48 

33 

416 

0.106 

0.44 

0.40 

13.23 

0.13 

34 

403 

0.10 

0.41 

0.34 

12.33 

0.40 

047 

35 

403 

0.106 

0.41 

0.31 

12.13 

0.40 

0.17 

06 

36 

443 

0.123 

0.42 

0.48 

21.80 

0.21 

1 

37 

430 

0.100 

0.45 

0.60 

16.50 

0.16 

38 

443 

0.130 

0.42 

0.66 

21.45 

0.16 

0 

96 

39 

406 

0.096 

0.42 

0.39 

13.57 

0.35 

40 

406 

0.112 

0.42 

0.34 

13.40 

0.38 

41 

347 

0.063 

18.49 

10.74 

42 

347 

0.065 

17.29 

10.20 

43 

307 

0.086 

4^62 

0M8 

19.50 

9.95 

44 

307 

0.154 

4.56 

0.60 

20.27 

9.68 

45 

18-5  Cr-Ni  steel 

0.102 

0.34 

0.50 

17.58 

5.01 

46 

347 

0.045 

1.53 

0.56 

18.70 

11.58 

47 

347 

0.057 

17.38 

9.76 

48 

347 

0.057 

18.33 

10.69 

49 

303 

0.076 

oVo 

0 !  64 

18.65 

8.85 

50 

303 

0.084 

0.78 

0.52 

18.40 

8.86 

51 

Modified  308 

0.186 

1 . 56 

1.10 

21.00 

11.39 

52 

304 

0.073 

18.23 

8.51 

53 

307 

0.061 

3.92 

20.68 

9.88 

54 

308 

0.152 

1.78 

0^27 

21.70 

9.95 

55 

307 

0.085 

4.42 

0.29 

20.11 

9.82 

56 

NE  8720 

0.37 

0.65 

0.10 

0.90 

1.73 

0.22 

57 

SAE  3140 

0.38 

0.68 

0.28 

0.82 

1.37 

0.06 

58 

414 

0.16 

0.43 

0.44 

12.37 

0.27 

0.18 

59 

Cr-W  hot  work  steel 

0.55 

0.56 

0.68 

7.56 

0.21 

0.15 

o’  i4 

60 

NE  8740 

0  39 

0.89 

0.33 

0.48 

0.49 

0.24 

61 

Carpenter  Hampden 

2.09 

0.40 

0.44 

12.10 

0.48 

0.10 

62 

18-4-1  high  speed 

0.74 

0.27 

0.21 

4. 15 

0.45 

0.53 

i '  is 

63 

Carpenter  Stentor 

0.90 

1.60 

0.22 

0.19 

0.13 

0.18 

64 

Carpenter  Mn-Mo 

0.65 

0.80 

0.28 

0.17 

0.07 

0.94 

65 

Hi-C-Hi-Cr  Air-hard 

1.62 

0.33 

0.32 

11.73 

0.30 

0.76 

0*21 

66 

731 

0.30 

1.07 

2.79 

7.46 

1.40 

0.87 

67 

80%Ni-20%Cr  Alloy 

0.23 

0.97 

0.27 

20.00 

77.00 

68 

60%Ni-15%Cr  .Alloy 

0.03 

1.24 

0.83 

14.00 

57.00 

W  Ti  A  Cb 

%  %  %  % 


38 


6 


4.13 

4.98 

0.74 

0.74 


0.71 


18 


08 

00 


D.C.  arc  experiments,  actual  analyses  of  samples  used. 
A.C.  spark  experiments,  typical  analyses. 


°  Type  of  steels  not  otherwise  classified  given  in  AISI  numbers. 


Filings  for  the  direct  current  arc  experiments  were  taken  from 
rods,  bars,  strip,  and  cast  electrodes.  A  total  of  approximately 
50  mg.  of  filings  was  oollected  from  a  number  of  different  points 
on  the  sample.  These  filings  were  mixed  well  and  then  3  mg.  of 
filings  were  placed  on  the  concave  platform  of  the  lower  electrode 
(3).  All  lower  electrodes  were  machined  from  0.8-cm.  (Vis- 
inch)  ordinary  spectrographic  electrodes  (Union  Carbide  and 
Carbon  spectrographic  grade).  The  electrodes  were  pre-arced 
6  seconds  after  the  current  was  adjusted  to  about  7  amperes 
before  mounting  the  filings. 

Source  Conditions.  The  metallic  cast  electrodes  for  spark 
analysis  are  centered  accurately  on  the  optical  axis  by  means  of 
fixed  electrode  holders,  arranged  2  mm.  above  and  below  the  op¬ 
tical  axis.  A  Baird  Associates  power  panel  supplies  the  25,000- 
volt  condensed  spark.  A  prespark  of  30  seconds  is  employed  and 
the  exposure  time  is  45  seconds. 

The  carbon  electrodes  for  the  direct  current  arc  analysis  are 
arranged  0.77  cm.  above  and  0.33  cm.  below  the  optical  axis, 
giving  a  total  electrode  space  of  1.10  cm.,  with  the  source  con¬ 
nected  so  that  the  lower  electrode  is  positive.  The  arc  is  allowed 


to  vaporize  the  electrode  until  the  entire  platform  is  consumed 
and  only  the  stub  remains.  This  requires  about  90  seconds.  The 
arc  is  photographed  during  the  entire  arcing  period  to  produce  a 
single  spectrogram. 

Spectrograph  Employed.  A  grating  spectrograph  was  used 
in  these  experiments.  The  grating  is  aluminum  sputtered  on 
Pyrex,  ruled  15,000  lines  to  the  inch,  3-meter  focal  length.  The 
spectrograph  was  built  at  The  Carpenter  Steel  Company  Labora¬ 
tories  and  utilizes  the  Paschen  mounting. 

Kodak  Commercial  sheet  film  (cut  5  X  25  cm.,  2  X  10  inches) 
was  used  for  the  experiments  on  the  Hasler-Dietert  electrode 
(220-volt  direct  current  arc),  while  35-mm.  Kodak  Spectrum  No. 
1  film  was  used  for  the  cast  electrodes  in  the  high-voltage  spark 
experiments. 

For  spark  spectra,  the  source  gap  is  located  46.5  cm.  from  the 
slit.  No  lens  is  used.  A  height-limiting  aperture  is  placed  15 
cm.  from  the  slit.  For  direct  current  arc  spectra  the  carbon  elec¬ 
trodes  are  placed  120  cm.  beyond  the  height-limiting  aperture, 
which  is  in  turn  13.0  cm.  from  the  slit  of  the  spectrograph  for 
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Table  III.  Analysis  of  Manganese  in  Various  Alloys,  Direct 

Current  Arc 


Steel 

No. 

I  Mn, 

//Fe 

Atomic 

Dilution 

Factor 

/  M  n  /I  K  e 
Corrected 

Mn 

(Chemi¬ 

cal) 

Mn 

(Spectro¬ 

graphic) 

% 

% 

1 

0.3911 

0.4141 

>0.403 

0.94 

0.378 

0.26 

2 

0.5581 

0.5341 

>0.546 

0.955 

0.522 

0.40 

3 

0.8141 

0.8941 

l0.854 

0.973 

0.830 

0.70 

4 

0.9481 
1.03  1 

[0.989 

0.958 

0.948 

0.88 

5 

1.29  1 
1.54  1 

[1.415 

0.99 

1.40 

1.37 

6 

0.5351 

0.5401 

|o .  538 

0.87 

0.468 

0.35 

0.35 

7 

0.68  1 
0.65  1 

[0.665 

0.87 

0.578 

0.46 

0.45 

9 

1.18  1 

1.26  1 

[1.22 

0.714 

0.873 

0.80 

0.77 

10 

1.56  1 
1.44  1 

[1.50 

0.70 

1.05 

1.01 

0.97 

11 

1.27  1 
1.18  1 

[1.225 

0.50 

0.613 

0.46 

0.49 

12 

1.14  1 
1 .26  1 

|l.20 

0.50 

0.60 

0.46 

0.48 

13 

0.9531 

0.970i 

^0 . 962 

0.49 

0.471 

0.30 

0.35 

14 

1.37  1 
1.29  1 

|l.33 

0.70 

0.93 

0.73 

0.70 

15 

0 .9151 
0.85  1 

|o.883 

0.51 

0.45 

0.29 

0.33 

16 

1.11  1 
1.12  J 

|l .  12 

0.64 

0.717 

0.51 

0.55 

17 

1.04  1 
1.06  I 

[1.05 

0.60 

0.630 

0.54 

0.51 

18 

0.7841 
0 . 865 J 

[0.825 

0.67 

0.553 

0.34 

0.36 

o  # 

stigmatic  spectra  in  the  region  2200  to  3600  A.  A  rotating  sec¬ 
tor  (50%)  is  used  only  for  the  copper  and  chromium  analyses. 

Film  Processing.  Kodak  Commercial  film  was  developed  in 
D-ll  developer  and  fixed  in  ordinary  fixer.  Kodak  Spectrum 
No.  1  is  developed  in  D-19  developer  and  fixed  in  Edwal  Quick- 
Fix.  Developing,  rinsing,  fixing,  washing,  and  drying  of  Spec¬ 
trum  No.  1  require  6  minutes. 

Intensity  Measurements.  All  measurements  of  spectral 
line  intensity  were  made  on  an  ARL-Dietert  densitometer. 

Spectrochemical  Method.  In  all  cases  the  internal-standard 
method  of  analysis  was  used.  For  high-chromium  and  high- 
nickel  analyses  it  was  found  necessary  to  carry  a  “standard” 
sample  on  each  film  with  the  unknown  sample.  The  calibration 
curves  were  adjusted  on  the  basis  of  the  behavior  of  the  standard 
sample  (4).  For  the  analysis  of  high-nickel  and  -chromium  con¬ 
tents,  the  average  intensity  ratio  obtained  from  two  spectrograms 
of  the  sample  was  used  to  get  the  percentage  concentration. 

Spectrum  Lines  Employed.  Table  I  gives  the  spectrum  lines 
of  the  various  elements  used  in  making  the  analyses  for  manga¬ 
nese,  chromium,  nickel,  molybdenum,  aluminum,  and  copper  in 
the  alloys  studied  in  this  report. 

220-VOLT  DIRECT  CURRENT  ARC  METHOD 

The  spectrographic  technique  using  the  Hasler-Dietert  elec¬ 
trode  was  chosen  as  especially  suited  for  experimentation  in  the 
study  of  the  atomic  dilution  effect.  Here  the  arc  completely 
consumes  the  metallic  filings  and  the  slit  is  illuminated  during 
the  entire  arcing  period.  Thus,  the  total  emission  intensity  of  a 
spectral  line  of  any  constituent  is  obtained  on  the  photographic 
film  and  it  is  to  be  expected  that  the  intensity  of  such  a  line  will 
be  directly  proportional  to  the  atomic  concentration  of  the  ele¬ 
ment  in  the  sample. 

The  alloys  from  which  the  following  data  were  obtained  are 
listed  in  Table  II. 

Manganese,  copper,  chromium,  and  nickel  analyses  were  used 
in  this  investigation.  For  manganese  and  copper  the  standard 
curves  were  established  in  steels  of  low  alloy  content  (atomic 
dilution  factors  of  0.94  to  0.99).  The  relative  intensities  of  the 
manganese-iron  and  copper-iron  pairs  were  then  determined  from 
the  spectrograms  having  high  atomic  dilution  factors  (0.50  to 
0.90)  and  the  apparent  ratios  of  manganese  and  copper  were  cor¬ 


rected  by  the  atomic  dilution  factor  in  accordance  with  the  three 
steps  outlined  at  the  beginning  of  this  report.  The  corrected 
ratios  were  converted  to  per  cent  manganese  and  per  cent  copper 
from  the  low  alloy  “standard”  curves.  Tables  III  and  IV  sum¬ 
marize  the  manganese  and  copper  experiments  on  the  Hasler- 
Dietert  electrode. 

For  chromium  analysis  (8.00  to  27.00%  chromium)  the  stand¬ 
ard  curve  was  established  on  chrome-iron  steels  of  increasing 
chrome  content  and  was  plotted  considering  only  the  atomic  dilu¬ 
tion  correction  of  the  lesser  elements.  A  number  of  chromium 
analyses  on  alloys  high  in  carbon,  manganese,  or  nickel  (the 
chromium  ratios  being  corrected  for  atomic  dilution  arising  chiefly 
from  carbon,  manganese,  and  nickel)  are  shown  in  Table  Y. 

Table  VI  shows  data  from  experiments  using  the  Hasler-Die¬ 
tert  electrode  for  the  analysis  of  nickel  in  the  range  of  5.00  to 
12.00%. 

The  analyses  of  high  percentages  of  chromium  and  nickel  are 
made  by  averaging  the  results  of  two  spectrograms  and  by  carry¬ 
ing  a  “standard”  sample  on  each  film  with  the  unknown  samples. 
The  calibration  curves  are  adjusted  according  to  the  behavior  of 
the  “standard”  sample. 

25,000-VOLT  SPARK  METHOD 

Tables  VII,  VIII,  and  IX  show  the  data  obtained  in  experi¬ 
ments  on  the  spectrochemical  analysis  of  manganese,  nickel,  and 
molybdenum  in  the  high-voltage  condensed  spark  technique. 
Accurate  analyses  of  these  elements  in  a  wide  variety  of  alloys 
are  obtained  from  calibration  curves  based  on  alloys  of  low  atomic 
dilution  by  using  an  approximation  of  the  atomic  dilution  tech¬ 
nique  presented  above. 

The  data  of  Table  III  show  that  to  obtain  the  greatest  consist¬ 
ency  in  the  direct  current  arc  method  the  atomic  dilution  factor 
must  be  applied  to  the  low-alloy  samples  used  in  setting  up  the 
calibration  curve  and  also  that  the  intensity  ratios  must  be  cor¬ 
rected  by  the  dilution  factor.  Table  VII  (also  Tables  VIII  and 
IX),  composed  of  data  using  the  high-voltage  spark  technique, 
shows  that,  in  this  method  the  calibration  curve  is  not  corrected 
for  low  atomic  dilution  and,  further,  that  the  apparent  “percent¬ 
age  by  weight”  obtained  from  the  calibration  curve  is  corrected 


Table  IV.  Analysis  of  Copper  in  Various  Alloys,  Direct  Current 

Arc 

Atomic  Cu  Cu 


Steel 

Dilution 

Icu/Ifb 

(Chemi¬ 

(Spectro¬ 

No. 

tCu/lFe 

Factor 

Corrected 

cal) 

graphic) 

% 

% 

19 

1.00 

1.22 

1'.  11 

0.96 

1.06 

1.24 

1.071 

1.14 

0.96 

1.09 

0.12 

20 

1.41 

1.37 

1.39 

0.96 

1.33 

1.52 

1.53 

1.525 

1.47 

0.18 

21 

1.51 

1.76 

1.64 

0.96 

1.57 

1.62 

1.531 

1.58 

1.51 

0.22 

22 

1 .341 
1.32 

1.33 

0.709 

0.94 

0.10 

0.10 

1.40 

1.49 

1 . 45 

1.02 

0.10 

0.12 

23 

1.74 

1.59 

1.67 

0.637 

1.06 

0.14 

0.13 

1.72 

1.73 

1.725 

1.10 

0.14 

0.13 

18 

1.33 

1.40 

1.37 

0.68 

0.93 

0.11 

0.10 

1.35 

1.43 

1.39 

0.95 

0.11 

0.10 

16 

1.49 

1.65 

1.57 

0.64 

1.00 

0.11 

0.11 

1.59 

1.59 

1.59 

1.01 

0.11 

0.113 

11 

1.83 

1.71 

1.77 

0.50 

0.89 

0.13 

0. 10 

24 

1.63 

1.50 

1.57 

0.657 

1.03 

0.12 

0.12 

25 

1.17 

1.19 

1.18 

0.865 

1.02 

0.11 

0.115 
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Table 

V.  Chro 

mium  Analysis 

Steel 

No. 

I  Cr /Ire 

Atomic 

Dilution 

Factor 

/Cr/lFe 

Cor¬ 

rected 

Cr 

from  Cali 
b  rati  on 
Curve 

Linear 

Correction 

from 

Standard 

Spectrogram 

Cr 

(Spectro¬ 

graphic) 

Cor¬ 

rected 

Cr 

(Chemi¬ 

cal) 

% 

% 

% 

26 

0.610 

0.638 

0.624 

0.908 

0.603 

8.29 

25 

0.625 
0.627 
0.774 
0  770 

0.626 

0.772 

1.0 

0  605 

0.772 

.  ••• 

12.40 

27 

0.978 

0.920 

0  949 

1.0 

0.949 

16.80 

28 

1.15 

1 .  14 

1.145 

0.99 

1.135 

20. 10 

29 

1.43 

1.46 

1.445 

1.55 

1.46 

1.49 

1.48 

0.94 

1.39 

26.40 

30 

0.902 

0.844 

0.873 

1.0 

0.873 

14.99 

1.00 

14.99 

14.43 

31 

0.950 

0.975 

0.963 

0.955 

0.917 

16.00 

1.00 

16.00 

17.00 

32 

0.97 

1.03 

1.00 

0.955 

0.955 

16.90 

0.95 

16.10 

16.70 

33 

0.833 

0.849 

0.841 

1.0 

0.841 

14.15 

0.985 

13.90 

13.23 

7 

0.785 

0.795 

0.79 

1.0 

0.79 

12.80 

0.985 

12.60 

12.37 

34 

0.78 

0.767 

0.774 

1.0 

0.774 

12.50 

0 . 985 

12.30 

12.33 

35 

0.765 

0.7451 

0.755 

1.0 

0.755 

12.00 

0.985 

11.80 

12.13 

36 

1.20 

1.117 

1.185 

0.99 

1 . 17 

21.80 

0.99 

21.60 

21.80 

37 

0.942 

0.968 

0.955 

1.0 

0 . 955 

16.90 

0.99 

16.70 

16.50 

38 

1.14 

1.14 

1.14 

0.99 

1.13 

21  10 

0.97 

20.40 

21.45 

39 

0.924 

0.906 

0.915 

0.92 

0.841 

14  20 

0.935 

13.30 

13.57 

40 

0.880 

0.894 

0.887 

0  92 

0.815 

13.50 

0.935 

12.60 

13.40 

23 

1.22 

1.18 

1.20 

0.858 

1.03 

18.90 

1.05 

19.90 

20.11 

41 

1.08 

1.12 

1.10 

0.892 

0.98 

17.60 

1.06 

18.65 

18.49 

42 

1.03 

1.06 

1.045 

0.892 

0.933 

16.50 

1.06 

17.30 

17.29 

43 

1.169 

1.193 

1.181 

0.854 

1.01 

18.20 

1.05 

19.10 

19.50 

44 

1.23 

1 . 225 J 

1.228 

0.856 

1.05 

19.30 

1.05 

20.30 

20.27 

Mean 

deviation  from  wet  chemical  analysis 

=  2.26% 

Table 

VI.  Nickel  Ana 

ilysis 

Linear 

Ni 

Ni 

Correction 

(Spectro- 

Atomic 

iNi/lFe 

from  Cali- 

from 

graphic) 

Ni 

Steel 

Dilution 

Cor- 

bration 

Standard 

Cor- 

(Chemi- 

No. 

jNi/7Fe 

Factor 

rected 

Curve 

Spectrogram 

rected 

cal) 

% 

% 

% 

45 

0.59  \ 
0.60  I 

0.595 

0 . 805 

0.48 

5.01 

9 

0.7851 
0.785 j 

•0.785 

0.78 

0.60 

7.70 

10 

0.939\ 

0.9201 

0.93 

0.79 

0 . 735 

10.94 

46 

0.9751 
0 . 980  j 

•0.98 

0.77 

0.755 

11.58 

47 

0.8451 

0.8371 

•0.841 

0.795 

0.668 

9.10 

1.03 

9.35 

9.76 

48 

0.9421 

0.8871 

•0.915 

0.78 

0.714 

10  40 

1.03 

10.70 

10.69 

49 

0.7711 

0.8201 

[0.796 

0.78 

0.621 

8.10 

1.13 

9.15 

8.85 

50 

0.8221 

0.8541 

[0.838 

0.78 

0.654 

8.80 

1.00 

8.80 

8.86 

51 

1.02  1 
0.985, 

|l.003 

0.744 

0.744 

11 .  10 

1.00 

11.10 

11.39 

52 

0.88  1 
0.84  j 

i0.86 

0.78 

0.67 

9.25 

0.928 

8.58 

8.51 

53 

0.9161 

0.935 

|o. 926 

0.735 

0.68 

9.50 

1.07 

10.15 

9.88 

54 

0.925' 

0.960 

io.943 

0.755 

0.711 

10.25 

1.07 

11.00 

9.95 

55 

0.944 

0.966 

lo.955 

0.738 

0.703 

9.90 

1.00 

9.90 

9.82 

41 

0.97 

0.93 

>0.95 

0.776 

0.738 

10.90 

0.98 

10.70 

10.74 

43 

0.95 

0.91 

>0.93 

0.74 

0.698 

9.90 

0.94 

9.30 

9.95 

44 

0.975 

0.954 

jo. 965 

0.73 

0.704 

10.20 

0.94 

9.55 

9.68 

Mean  deviation  from 

wet  chemical  analysis  =  2.81% 

for  atomic  dilution  rather  than  the  apparent 
intensity  ratio  as  was  done  in  the  direct  current 
arc  experiments. 

The  necessity  for  this  difference  in  manipula¬ 
tion  of  the  dilution  factor  remains  unexplained. 
It  is  important,  however,  to  recognize  that  the 
analysis  of  elements  in  spectrograms  of  high- 
alloy  steel  can  be  obtained  with  considerable  ac¬ 
curacy  from  low-alloy  standard  curves  when 
the  percentage  figure  so  obtained  is  reduced  by 
means  of  the  atomic  dilution  factor  defined 
earlier.  It  is  apparent  that  the  atomic  dilution 
effect  is  functioning  in  the  spark  gap,  although 
in  a  somewhat  different  mode  than  in  the  direct 
current  arc  method  where  the  elements  of  the 
entire  sample  are,  at  one  time  or  another,  appear¬ 
ing  in  the  arc  stream. 

Table  X  summarizes  an  interesting  example 
of  the  use  of  the  atomic  dilution  factor  in  the 
spark.  For  the  analysis  of  aluminum  in  chrome- 
nickel  alloys  a  concentration  series  was  obtained 
in  an  80%  nickel-20%  chromium  base.  The 
“standard”  curve  was  drawn  neglecting  the 
atomic  dilution  factor.  The  occasion  arose  to 
analyze  aluminum  in  a  60%  nickel-15% 
chromium  alloy  whose  atomic  dilution  factor  is 
0.82  when  compared  to  the  80-20  calibration 
curve  (nickel  being  the  base  element).  When  a 
spectrographic  aluminum  ratio  is  obtained  on 
the  60-15  alloy  and  the  percentage  is  obtained 
from  the  80-20  standard  curve,  a  correction  of 
this  percentage  by  0.82  (atomic  dilution  factor) 
yields  accurate  figures  for  aluminum  in  the  60-15 
alloy.  A  nickel  line  is  used  for  the  internal 
standard  in  these  alloys. 

Data  obtained  from  extended  experimentation 
with  the  atomic  dilution  factor  method  show  the 
following  points  to  be  pertinent  to  the  successful 
operation  of  the  method : 

In  general,  if  the  atomic  dilution  factor  is 
greater  than  0.96  its  use  is  not  warranted.  A 
spectrograph  deviation  of  ±0.02%  of  the  ele¬ 
ment  is  of  the  same  magnitude  that  the  correc¬ 
tion  for  4.0%  dilution  yields.  However,  the 
dilution  effect  seems  to  be  cumulative  and  in 
cases  where  the  total  dilution  is  appreciable,  all 
elements  contributing  to  this  dilution  must  be 
considered. 

The  over-all  photographic  intensities  of  the 
iron  lines  in  the  spectrograms  of  the  various 
alloys  must  be  held  to  the  same  level  (preferably 
within  the  linear  portion  of  the  gamma  calibra¬ 
tion). 

The  spectrographic  principle  of  using  spectral 
lines  which  are  free  from  interfering  lines  must 
be  adhered  to  closely. 

Short  calibration  curves  appear  to  yield  the 
greatest  accuracy  for  application  of  the  atomic 
dilution  method. 

The  above  alternating  current  spark  analytical 
procedure  has  been  found  adequate  for  routine 
spectrochemical  analysis.  The  direct  current 
arc  work  described  was  experimental  in  character, 
while  the  alternating  current  spark  data  were 
taken  from  routine  analysis  records. 

Coulliette  (2 )  and,  more  recently,  Churchill  and 
Russell  (I)  have  shown  the  efficiency  of  similar 
spectrographic  corrections,  the  need  for  correc¬ 
tion  arising  from  dilution  of  the  internal 
standard  by  extraneous  or  added  elements. 
The  experimental  evidence  in  this  paper  shows 
that  the  dilution  may  be  expressed  in  terms  of 
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Table  VII.  Analysis  of  Manganese  in  Various  Alloys 


(Using  a 

calibration  curve  setup  on  low  alloys. 

25,000-volt 

A.C.  spark) 

Mn  (Low- 

Atomic 

Steel  No. 

Alloy 

Dilution 

Mn 

Mn 

(Table  II) 

Inn/lFe  Curve) 

Factor 

Corrected 

(Chemical) 

% 

% 

% 

1 

0.731 

0.33 

2 

56 

0.801 

1.17 

Calibration  Series 

0.39 

0.65 

57 

1.22] 

0.67 

58 

0.97 

0.51 

0.87 

0.44 

0.43 

6 

0.97 

0.51 

0.85 

0.43 

0.44 

34 

0.94 

0.49 

0.87 

0.43 

0.43 

25 

0.97 

0.51 

0.87 

0.44 

0.45 

7 

0.88 

0.44 

0.87 

0.38 

0.40 

59 

1.25 

0.72 

0.86 

0.62 

0.63 

Table  VIII.  Analysis  of  Nickel  in  Various  Alloys 


(Using  a 

calibration 

curve  setup  on  low  alloys. 

25,000-volt 

A.C.  spark) 

Atomic 

Ni 

Steel 

Dilution 

Cor¬ 

Ni 

No. 

/Ni/fFe  Ni 

Factor 

rected 

(Chemical) 

% 

% 

% 

1 

0.59] 

0.16 

1 

60 

0.88 

1.15 

\  Calibration  Series 

0.32 

0.51 

1 

0.72] 

1.40 

7 

1.06 

0.45 

0.85 

0.38 

0.39 

6 

0.79 

0.27 

0.84 

0.23 

0.22 

34 

1.12 

0.49 

0.87 

0.43 

0.44 

31 

1.17 

0.55 

0.78 

0.43 

0.44 

61 

1.34 

0.67 

0.79 

0.53 

0.50 

62 

0.50 

0.13 

0.84 

0.11 

0.12 

62 

0.67 

0.22 

0.84 

0.19 

0.18 

7 

1.30 

0.64 

0.85 

0.53 

0.51 

6 

0.95 

0.37 

0.85 

0.31 

0.32 

62“ 

1.24 

1.24 

0.85 

1.06 

1.02 

“  Analyzed  from  calibration  of  Ni  3423.7  A,  Fe  3424.3  A. 


Table  IX.  Analysis  of  Molybdenum  in  Various  Alloys 

(Using  a  calibration  curve  setup  on  low  alloys.  25,000-volt  A.C.  spark) 


Atomic 


Steel 

Dilution 

Mo 

Mo 

No. 

/\Io//Fe 

Mo 

Factor 

Corrected 

(Chemical) 

% 

% 

% 

Mo  2816.2  A., 

Fe  2807.0  A. 

60 

0.661 

0.23 

63 

2 

0.82 

1.09 

Calibration  Series 

0.33 

0.50 

64 

1.74] 

• 

1.10 

62 

0.57 

0.18 

0.84 

0.15 

0.12 

62 

1.62 

0.98 

0.84 

0.82 

0.81 

62 

1.60 

0.96 

0.84 

0.81 

0.80 

59 

0.64 

0.22 

0.86 

0.19 

0.16 

58 

0.63 

0  22 

0.87 

0.19 

0.18 

6 

0.68 

0.25 

0.85 

0.21 

0.20 

Mo  2644.4  A., 

Fe  2644.0  A. 

31 

0.87 

0.69 

0.78 

0.54 

0.52 

31 

0.85 

0.65 

0.78 

0.51 

0.51 

65 

0.96 

0.84 

0.82 

0.69 

0.72 

66 

1.07 

1.07 

0.84 

0.90 

0.87 

Table  X. 

Analysis  of  Aluminum  in  a 

60%  Ni- 

■1  5%  Cr  Alloy 

(Using  a  calibration  curve  based  on  an  80%  Ni— 20%  Cr  alloy.  25,000-volt 

A.C.  spark) 

A1  Obtained  from  Atomic  A1 

Sample 

83-20  Standard 

Dilution 

Cor¬ 

A1 

No. 

Curve 

% 

Factor 

rected 

% 

(Chemical) 

% 

1 

0.09 

0.82 

0.07 

0.07 

2- 

0.11 

0.82 

0.09 

0.09 

3 

0.15 

0.82 

0.12 

0.11 

4 

0.14 

0.82 

0.12 

0.11 

5 

0.23 

0.82 

0.19 

0.19 

6 

0.26 

0.82 

0.21 

0.19 

“atomic  per  cent  dilution”,  permitting  economical  and  accurate 
analysis  of  a  wide  range  of  alloys  without  recourse  to  a  series 
of  standard  samples  for  each  alloy.  The  method  obviates  the 
necessity  of  calibration  curves  in  each  of  the  different  alloys 
and  permits  analysis  when  standard  curves  are  available  in  only 
one  type  of  alloy.  In  the  authors’  laboratory,  the  type  alloy 
composition  of  the  sample  is  always  known.  Thus  the  correction 
factor  is  applied  on  the  basis  of  previous  calculations  for  any 
particular  alloy. 

CONCLUSIONS 

1.  The  direct  current  arc  data  using  the  Hasler-Harvey-Die- 
tert  electrode  confirm  the  assumption  that  the  intensity  ratios  of 
spectral  lines  used  for  quantitative  analysis  depend  only  on  the 
atomic  proportions  of  the  alloying  element  and  iron. 

The  mechanics  by  which  the  entire  sample  is  consumed  from 
the  platform  electrode  in  the  direct  current  arc  has  been  stressed 
above.  Since  the  vapors  of  the  arc  stream  are  composed  of  all 
the  metals  in  the  sample,  it  is  evident  that  the  spectra  of  an  alloy 
will  exhibit  the  atomic  proportions  of  all  the  elements  in  the 
sample. 

The  alternating  current  spark  data  indicate  that  the  “atomic 
dilution”  effect  is  functioning  in  the  highly  ionized  spark  gap. 
Chill-cast  electrodes  were  used  to  obtain  the  data  for  these  tables. 
The  metallographic  structure  of  the  chill-cast  electrode  is  a  fine 
homogeneous  crystal  mass  with  little  or  no  precipitation  at  the 
grain  boundaries.  Thus,  there  is  little  chance  for  “preferential 
sparking”,  the  homogeneity  of  the  electrode  being  conducive  to 
the  ionization  of  the  elements  in  their  true  proportion. 

2.  The  platform  electrode  and  spectrograph  technique  dis¬ 
cussed  by  Hasler,  Harvey,  and  Dietert  (3)  has  been  investi¬ 
gated  independently  and  found  to  yield  relatively  accurate  results. 
Their  method,  proposing  correction  according  to  per  cent  by 
weight,  is  more  correctly  described  and  accomplished  by  the 
atomic  dilution  factor. 


3.  The  data  shown  here  fully  justify  the  use  of  an  atomic 
dilution  factor  for  the  correction  of  iron  spectra  intensity  and 
propose  a  spectrographic  technique  which  will  operate  without  a 
multiplicity  of  calibration  curves  for  many  kinds  of  ferrous  alloys. 

4.  The  magnitude  of  accuracy  obtained  by  use  of  the  atomic 
dilution  correction  in  the  spectrochemical  sources  described  is 
adequate  for  many  types  of  ferrous  analysis.  (J.  R.  Churchill  of 
the  Aluminum  Research  Laboratories,  .Aluminum  Company  of 
America,  in  a  private  communication  has  pointed  out  the  possible 
inadequacies  of  the  atomic  dilution  factor  when  applied  to  non- 
ferrous  alloys.  Air.  Churchill  states  that  “in  the  analysis  of 
aluminum  alloys,  an  increase  in  magnesium  or  zinc  content  causes 
a  depression  of  aluminum  lines  far  in  excess  of  that  predicted  by 
atomic  dilution  and  not  accompanied  by  a  similar  depression  of 
the  lines  of  some  of  the  elements  to  be  determined”.) 

It  is  evident  that  while  the  precision  of  high-chromium  and 
high-nickel  analysis  is  not  sufficient  for  control  analysis,  the 
method  can  be  used  in  many  laboratories  where  it  is  necessary 
only  to  determine  the  type  of  steel  and  whether  the  steel  is  within 
the  range  of  a  relatively  broad  specification. 
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Determination  of  Modulus  of  Elasticity  of  Varnish  Films 

Effect  of  Water  Immersion 


HERBERT  G.  STEFFENS1,  Material  Laboratory,  Navy  Yard,  Brooklyn,  N.  Y. 


A  method  is  described  for  measuring  the  change  in  modulus  of 
elasticity  of  detached  varnish  films  during  water  immersion,  using 
an  improvised  tensiometer  of  simple  design.  Special  reference  is 
made  to  insulating  varnishes,  and  data  on  immersion  characteristics 
of  a  typical  air-drying  varnish  are  included,  together  with  a  discussion 
of  the  precision  of  the  measurements. 

THE  use  or  reconditioning  of  electrical  equipment  which  has 
been  submerged  in  water  for  any  length  of  time  frequently 
involves  handling  of  the  insulation.  Therefore,  the  mechanical 
as  well  as  the  electrical  resistance  of  the  insulating  varnish  film 
is  an  important  consideration. 

Many  insulating  varnishes  which  meet  the  Navy  requirements 
(2)  of  a  minimum  insulation  resistance  of  1  megohm  after  water 
immersion  show  evidences  of  change  in  optical  and  mechanical 
properties,  characterized  by  hazing  or  whitening  and  softening 
of  the  film  Exploratory  tests  described  herein  were  part  of  a 
general  investigation  conducted  to  determine  the  effect  of  water 
immersion  on  the  physical  properties  of  insulating  varnishes. 

PREPARATION  OF  FILMS 

The  varnish  used  was  a  short-oil,  modified  phenolic,  clear  air¬ 
drying  type  (showing  a  positive  Liebermann-Storch  reaction), 
which  met  the  requirements  for  Navy  Grade  CA  varnish  except 
for  whitening  on  water  immersion. 

Detached  films  were  prepared  by  applying  the  varnish  evenly 
over  the  surface  of  clean,  grease-free  mercury  within  the  area 
defined  by  a  floating  wire  ring  3  inches  in  diameter  (see  Figure  1). 
The  specimens  thus  prepared  were  allowed  to  dry  24  hours  at 
25°  C.  and  50%  relative  humidity,  during  8  hours  of  which  the 
film  was  in  contact  with  the  mercury.  The  ring  served  as  a  form 
for  the  film  and  facilitated  handling  of  the  film  without  the  danger 
of  inadvertently  straining  or  laminating  the  specimen,  as  is 
sometimes  the  case  using  amalgamated  plates. 


1  Present  address,  260  West  Jersey  St.,  Elizabeth  2,  N.  J. 


Figure  1.  Apparatus  for  Preparation  of  Detached  Varnish  Films 


Film-thickness  measurements  made  on  the  dried  film,  using  a 
dial-type  micrometer  graduated  to  0.1  mil,  showed  a  variation  in 
thickness  of  0.3  to  0.4  mil  on  specimens  of  about  4  mils  thickness. 
Subsequent  tests  showed  that  a  higher  order  of  film-thickness 
uniformity  can  be  obtained  by  carefully  mounting  the  mercury 
dish  on  a  plate  suspended  by  springs  in  such  manner  as  not  to  be 
influenced  even  by  slight  building  vibrations. 

Rectangular  test  specimens,  1.25  by  0.75  inch,,  were  cut  from 
the  center  of  the  ring  specimens.  Two  test  specimens  were  cut 
from  each  ring,  one  being  tested  immediately  after  water  immer¬ 
sion,  and  the  other  without  immersion  (control  specimen). 


TENSILE  TESTS 

Various  types  of  tensiometers  of  rigid  construction  are  avail¬ 
able  {1 ) .  However,  for  the  purpose  of  these  tests  it  was  desired 
to  construct  an  inexpensive  and  simple  loading  device,  equipped 
with  a  reasonably  accurate  means  of  measuring  deflections, 
which  might  be  used  to  measure  elongation  of  films  at  very  light 
loadings  and  which  could  be  immersed  in  water  or  placed  in  a 
temperature-controlled  enclosure. 


Figure  2.  Tensiometer 


The  apparatus  shown  in  Figure  2  was  constructed  from  spare 
pieces  of  molded  phenolic,  brass,  and  copper,  and  consists  of  tube 
A  to  which  are  added  accurately  measured  volumes  of  liquids,  a 
balanced  pulley,  B,  fitted  with  ball  bearings  to  reduce  starting 
friction,  over  which  stress  from  A  is  transferred  to  clamp  C  by 
means  of  line  D,  and  wire  lead  E  to  which  is  attached  a  crossbar 
forming  a  rest  for  the  actuated  arm  of  the  optical  lever,  F .  De¬ 
flections  in  clamp  C  are  noted  by  reflection  of  a  suitable  scale 
viewed  through  mirror  G  by  means  of  a  cross-hair  telescope  (not 
shown). 
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Measurements  were  made  on  films  clamped  into  position  as 
shown  in  Figure  2,  using  plastic  adapters.  The  reference  distance 
was  taken  as  the  distance  between  the  edges  of  the  adapters. 
Sufficient  weight,  previously  determined,  was  added  to  the  load¬ 
ing  tube  so  that  motion  of  the  upper  clamp  was  impending. 
Measured  volumes  of  distilled  water  (about  0.3-ml.  portions) 
were  added  then  to  tube  A,  and  the  deflection  of  the  scale  was 
noted  4  minutes  thereafter.  The  scale  was  so  situated  that  an 
observed  deflection  of  0.1  inch  corresponded  to  a  strain  of  0.3  mil 
in  the  test  specimen.  The  observed  scale  was  read  to  the  nearest 
0.02  inch.  The  test  was  conducted  at  25  °  C.,  the  apparatus  being 
placed  in  a  large  beaker  to  avoid  the  effects  of  drafts. 

RESULTS  OF  TESTS 

Figure  3  shows  the  stress-strain  relationship  for  a  film  immersed 
72  hours  in  distilled  water  at  25°  C.  (dotted  line)  as  compared 
with  an  unimmersed  control  specimen  (solid  line).  The  unit 
stress  was  calculated  using  the  film  thickness  of  specimens  before 
immersion,  since,  as  a  rule,  the  dimensional  changes  of  short-oil 
insulating  varnishes  after  water  immersion  for  periods  up  to  240 
hours  rarely  exceed  about  10%,  and  since  the  film  is  usually  soft¬ 
ened  to  the  extent  that  accurate  thickness  measurements  are  not 
possible. 

Figure  4  shows  the  effect  of  various  immersion  periods  on  the 
elasticity  of  test  specimens,  the  modulus  of  elasticity  being 
plotted  against  the  immersion  time. 


Figure  3.  Stress-Strain  Diagram^for  Film 
Immersed  72  Hours  in  Water 
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Figure  4.  Change  in  Modulus  of  Elasticity  of  Films  during 
Water  Immersion 


Figure  5.  Reproducibility  of  Elongation 
Measurements  on  Films 

CONCLUSIONS 

Results  of  the  tests  show  a  measurable  change  in  the  modulus 
of  elasticity  for  the  particular  varnish  studied,  and  indicate  that 
the  change  may  be  determined  with  accuracy,  even  with  im¬ 
provised  equipment.  The  fact  that  this  change  curve  is  not  a 
linear  function  of  the  immersion  time  has  significance  in  the  test¬ 
ing  of  the  elastic  properties  of  the  film  after  immersion,  since 
these  tests  are  best  made  at  times  when  the  modulus  of  elasticity 
is  changing  least  rapidly  with  respect  to  time.  This  point  can 
be  found  only  by  means  of  tests  similar  to  those  described  here. 

Slight  variations  in  the  slope  of  control-specimen  curves  using 
different  ring  specimens  have  been  noted.  This  is  probably  due 
to  slight  variations  in  film  thickness,  which  would  exert  an  influ¬ 
ence  on  the  drying  of  the  test  specimens.  For  this  reason  it  is 
considered  necessary  to  make  control  tests  on  each  ring  specimen. 

The  errors  in  the  method,  apart  from  errors  in  measurement, 
are  chiefly  due  to  improper  loading  (initial)  of  the  specimen, 
variation  in  temperature  during  the  test,  and  incomplete  elimina¬ 
tion  of  vibration.  However,  it  is  possible,  with  sufficient  care,  to 
measure  with  precision  tensile  properties  on  adjacent  portions  of 
the  ring  specimens,  as  is  show'n  by  the  stress-strain  graph  of 
Figure  5.  The  solid  line  here  represents  an  average  of  three  tests. 
In  this  case,  three  test  specimens  slightly  smaller  than  those 
described  in  this  paper  were  cut  from  the  same  ring  specimen. 
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Application  of  Colorimetry  to  Analysis 
of  Corrosion-Resistant  Steels 

Determination  of  Boron 
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A  rapid  procedure  for  the  determination  of  small  amounts  of  boron, 
ranging  from  0.001  to  0.005%  in  corrosion-resistant  steels  is  sug¬ 
gested.  The  bulk  of  the  elements  present  are  removed  from  boron 
by  adding  sodium  hydroxide.  The  use  of  quinalizarin  as  the 
color  reagent  is  subject  to  few  interferences — arsenic  and  ger¬ 
manium.  However,  the  amount  of  these  elements  present  must 
be  several  hundredfold  the  quantity  of  boron  to  cause  noticeable 
interference  under  the  proper  conditions.  The  method  is  satis¬ 
factory  for  routine  use  in  highly  colored  solutions  where  the  boron 
cannot  be  determined  directly.  A  spectrophotometric  study  is 
included.  Estimation  may  be  by  photometric  measurement  or  by 
visual  comparison  against  permanent  standards. 


THE  determination  of  traces  of  boron  in  corrosion-resistant 
steel  was  included  in  a  recent  investigation  conducted  by 
this  laboratory  (14).  As  part  of  this  project,  available  methods 
for  the  determination  of  boron  of  the  magnitude  of  0.001  to 
0.005%  and  their  applications  to  highly  alloyed  steels  were  in¬ 
vestigated. 

The  distillation  of  boron  as  methyl  borate  and  titration  with 
alkali,  as  devised  by  Chapin  (3),  has  been  modified  and  applied 
to  ferrous  alloys  (7).  The  distillation  procedure  has  also  been 
combined  with  estimation  by  turmeric  paper  (10).  Preliminary 
separation  of  the  boron  has  also  been  accomplished  by  the  use  of 
alkaline-earth  carbonates,  with  final  estimation  by  the  use  of 
turmeric  paper  or  titration  (9) .  While  gravimetric  and  potentio- 
metric  procedures  are  also  known,  they  are  of  little  value  in  de¬ 
termining  boron  in  the  range  under  consideration.  Spectro- 
graphic  evaluation  has  proved  to  be  a  satisfactory  means  of 
analysis  (12).  However,  the  spectrographic  method  as  employed 
in  this  laboratory  is  limited  by  requiring  an  accurate  series  of 
standards  of  similar  type  steel,  relying  on  standardization  by 
chemical  means.  In  addition,  sample  specimens  must  be  of  uni¬ 
form  size,  a  condition  which  cannot  be  fulfilled  readily  in  the 
case  of  certain  materials  such  as  deposited  weld  metals. 

Colorimetric  estimation  appeared  worthy  of  trial,  as  there  are 
several  very  sensitive  reagents  suitable  for  the  determination  of 
boron.  The  earliest  of  these  to  be  used  was  turmeric  which,  under 
proper  conditions,  has  remained  the  most  sensitive  (2) .  Compre¬ 
hensive  studies  of  the  applications  of  quinalizarin  to  the  determina¬ 
tion  of  boron  and  the  variable  factors  concerning  its  use  have  ap¬ 
peared  (1,6,13,17).  These  procedures,  however,  were  concerned 
with  materials  other  than  steel. 

Extension  of  the  use  of  these  reagents  to  the  determination  of 
boron  in  ferrous  alloys  has  been  suggested.  Cunningham  (4) 
determined  the  boron  content  of  low  alloy  steels  with  curcumin 
by  a  colorimetric  method  after  preliminary  distillation.  Kar 
(8)  also  employed  this  reagent,  but  utilized  a  preliminary  alkali 
separation  of  the  heavy  metals.  The  use  of  curcumin,  however, 
requires  quantitative  separation  of  the  majority  of  elements 
present  in  ferrous  alloys.  Quinalizarin  (1,2,5,8-tetrahydroxy- 
anthraquinone)  is  much  less  subject  to  interference,  and  Rudolph 
and  Flickinger  (16)  have  found  chemical  separations  unneces¬ 
sary  in  steels  of  low  alloy  content.  Kar  (8)  had  previously  com¬ 
bined  the  mercury  cathode  separation  with  the  colorimetric  esti¬ 
mation  of  boron  by  quinalizarin.  Chromotrop  2B  (p-nitroben- 
zene-azochromotropic  acid)  has  been  satisfactorily  substituted 
for  quinalizarin  in  steel  analysis  (18).  The  conditions  of  its  use 
and  interferences  are  similar  to  those  of  the  quinalizarin  proce¬ 
dures.  The  reagent  is  somewhat  less  sensitive  to  boron,  however, 
and  therefore  was  not  tested. 


EXPERIMENTAL 

Several  of  the  more  promising  methods  were  investigated. 
The  accepted  umpire  procedure,  consisting  of  volatilization  of 
the  boron  followed  by  titration,  as  outlined  by  Hague  and  Bright 
(7),  was  tried.  While  consistent  results  could  be  obtained,  the 
method  had  several  disadvantages.  The  large  weight  of  sample 
needed  to  obtain  the  required  precision  was  not  always  available. 
The  amounts  of  standard  alkali  solution  used  to  titrate  the  blank 
runs  were  of  greater  magnitude  than  the  alkali  necessary  for  the 
maximum  per  cent  of  boron;  this  introduced  a  possibly  serious 
error  if  blanks  were  not  consistent.  The  apparatus  necessary  and 
the  time  consumed  were  not  suitable  for  routine  analysis. 

Attempts  to  determine  the  boron  directly  in  corrosion-resistant 
steels  by  the  method  of  Rudolph  and  Flickinger  were  unsuccess¬ 
ful.  This  procedure,  however,  gave  excellent  results  when  em¬ 
ployed  on  low-alloy  steels.  In  the  latter  instance,  the  ferrous 
sulfate  precipitated  in  the  concentrated  sulfuric  acid  solution  and 
left  an  almost  colorless  solution.  No  precipitation  was  obtained 
under  similar  conditions  in  the  chromium-nickel  steels  employed; 
moreover,  the  intensely  green  solution  masked  any  change  of 
color  occurring  after  the  addition  of  quinalizarin.  The  only  al¬ 
ternative  remaining  for  the  direct  color  procedure  would  be  to 
dilute  the  sample  until  the  inherent  color  of  the  solution  caused 
no  interference.  However,  at  this  concentration,  the  boron  con¬ 
tent  of  the  solution  could  not  be  determined. 

The  use  of  mercury  cathode  separation  and  determination  with 
quinalizarin,  as  proposed  by  Kar,  was  investigated.  Some  modi¬ 
fications  of  his  procedure  were  introduced.  An  additional  sepa¬ 
ration  by  sodium  hydroxide  was  included  and  the  filtrate  evapo¬ 
rated  to  small  volume  in  the  alkaline  state.  The  results  obtained 
were  satisfactory,  but  a  more  simple  procedure  was  subsequently 
adopted. 

The  curcumin  procedure  suggested  by  Kar  gave  acceptable  re¬ 
sults.  However,  the  method  is  open  to  the  objection  that  many 


Table  I.  Results  of  Quinalizarin-Boron  Procedure 


Boron 

Sample  Present 

% 

1  (25%  Cr,  20%  Ni)  0.000 

0.000 

0.000 

0.000 

0.000 

2  (25%  Cr,  20%  Ni)  0.001 

0.001 

0.001 

0.001 

3  (19%  Cr,  9%  Ni)  0.000 

0^000 

0.000 

0.000 

4  (19%  Cr,  9%  Ni)  0.000 

o' 000 
0.000 
0.000 


Boron 

Boron 

Deviation 

Added 

Found 

% 

% 

% 

0.001 

0.001 

0.000 

0.002 

0.002 

0.000 

0.003 

0.002 

-0.001 

0.004 

0.004 

0.000 

0.005 

0.005 

0.000 

0.001 

0.002 

0.000 

0.002 

0.002 

-0.001 

0.003 

0.004 

0.000 

0.004 

0.005 

0.000 

0.005 

0.005 

-0.001 

0.001 

0.001 

0.000 

0.002 

0.002 

0.000 

0.003 

0.003 

0.000 

0.004 

0.003 

-0.001 

0.005 

0.005 

0.000 

0.001 

0.001 

0.000 

0.002 

0.002 

0.000 

0.003 

0.002 

-0.001 

0.004 

0.004 

0.000 

0.005 

0.005 

0.000 
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Table  II.  Results  of  Curcumin-Boron  Procedure" 


Sample 

Boron 

Present 

Boron 

Added 

Boron 

Found 

Deviation 

% 

% 

% 

% 

1  (25%  Cr,  20%  Ni) 

0.000 

0.001 

0.001 

0 . 000 

0.000 

0.002 

0.002 

0.000 

0.000 

0.002 

0.001 

-0.001 

0.000 

0.004 

0.004 

0.000 

“  Procedure  of  Kar  used. 


of  the  elements  ordinarily  present  in  steels  interfere  by  giving 
similar  colors,  and  separations  must  be  made  with  care.  In  the 
presence  of  columbium  or  tantalum,  the  recommended  separa¬ 
tions  would  not  suffice  (11).  Moreover,  colorimetric  comparison 
must  be  made  within  one  hour  (15),  as  the  color  is  unstable. 
However,  the  results  obtained  by  the  method  and  given  in  Table 
II  warranted  its  retention  as  an  alternate  procedure. 

In  view  of  the  above,  quinalizarin  was  believed  to  be  more  suit¬ 
able  for  routine  determination  of  boron.  Those  elements  which 
interfere  are  rarely  encountered  in  significant  amounts  in  steel. 
Standard  solutions  of  quinalizarin-boron  complex  have  remained 
unchanged  for  months  after  preparation  (1).  In  addition,  the 
elapsed  time  for  a  determination  is  less  than  that  required  by  the 
use  of  curcumin. 

The  method  finally  adopted  is  simple  and  rapid. 

The  sample  is  dissolved  in  dilute  hydrochloric  acid  under  a  re¬ 
flux  condenser.  Hydrogen  peroxide  is  added  to  decompose  car¬ 
bides  and  the  excess  is  decomposed  by  boiling.  The  insoluble 
material  is  filtered,  fused  with  sodium  carbonate,  and  combined 
with  the  main  solution.  The  solution  is  adjusted  to  volume, 
made  just  alkaline  to  litmus  with  sodium  hydroxide  pellets,  and 
filtered.  A  clear,  aliquot  portion  of  the  filtrate  is  acidified  with 
sulfuric  acid  and  evaporated  to  sulfur  trioxide  fumes.  (Acid 
evaporation  without  loss  of  boric  acid  is  possible  in  the  presence 
of  alkali  salts,  5.)  The  volume  is  adjusted  with  concentrated 
sulfuric  acid  and  quinalizarin  solution  added.  After  full  de¬ 
velopment  of  color,  the  solution  is  compared  either  visually  or 
on  the  photoelectric  colorimeter. 

INSTRUMENTS  EMPLOYED 

A  General  Electric  recording  spectrophotometer  with  a  nominal 
slit  width  of  10  millimicrons. 

A  Klett-Summerson  photoelectric  colorimeter. 

Klett-Summerson  glass  filters. 

Klett-Summerson  2-cm.  glass  absorption  cells.  • 

SPECTROPHOTOMETRIC  STUDY 

A  spectrophotometric  investigation  of  the  boron  complexes 
of  quinalizarin  and  curcumin  was  made  for  the  purpose  of  esti¬ 
mating  both  with  the  photoelectric  colorimeter.  Their  transmis¬ 
sion  curves  are  shown  in  Figures  1  and  2.  Two-color  systems  ex¬ 
ist  in  both  solutions,  as  no  suitable  procedures  for  the  removal 
of  the  excess  of  reagent  in  either  instance  have  as  yet  been  de¬ 
vised. 

A  study  of  Figure  1  discloses  that  a  solution  of  quinalizarin 
reagent  has  absorption  peaks  at  approximately  530  and  570 
millimicrons,  while  the  boron  complex  has  one  at  600  millimi¬ 
crons.  Resolution  is  not  possible,  for  at  the  maximum  absorption 
of  either  component  the  other  absorbs  strongly — for  example,  at 
600  millimicrons  the  absorption  by  the  quinalizarin  reagent  is 
about  two  thirds  that  of  the  boron  complex. 

Observation  of  the  data  obtained  by  making  photoelectric 
colorimeter  measurements  in  the  regions  of  530  and  600  millimi¬ 
crons,  respectively,  disclosed  that  the  latter  is  more  suitable  for 
the  determination  of  the  low  percentages  of  boron  under  con¬ 
sideration.  Accordingly,  the  remainder  of  the  investigation 
was  confined  to  measurements  in  this  region.  For  the  deter¬ 
mination  of  larger  quantities  (over  0.010%),  however,  the  lower 
wave  length  is  preferable,  since  the  measurement  of  the  absorp¬ 
tion  by  the  excess  quinalizarin  is  more  sensitive  than  that  of  high 
concentrations  of  the  complex  (Table  III). 


Figure  1 .  Transmission  of  Boron-Quinalizarin  System 

1.  Quinalizarin  reagent 

2.  Quinalizarin  reagent,  0.003%  boron 

3.  Quinalizarin  reagent,  0.008%  boron 

4.  K.S.  filter  54 

5.  K.S.  filter  60 


Table  III.  Comparison  of  Sensitivity  of  Glass  Filters 


Boron  Present, 

Reading 

Corrected 

Reading 

Corrected 

Mg. 

(K.S.  No.  60) 

Reading 

(K.S.  No.  54) 

Reading 

Blank 

120.5 

218.0 

0.01 

152.0 

32 5 

202.5 

lf>!  5 

0.02 

176.0 

56.5 

187.5 

30.5 

0.03 

190.0 

70.5 

173.5 

44 . 5 

0.04 

201.5 

81.0 

164.5 

53 . 5 

0.05 

211.5 

91.0 

159.0 

59.0 

0.06 

216.0 

95 . 5 

155.0 

63.0 

0.08 

224.0 

103.5 

152.0 

66.0 

0.12 

234.5 

114.0 

145.5 

72.5 

0.16 

237.5 

117.0 

141.0 

77.0 

0.20 

238.5 

118.0 

138.0 

80.0 

In  an  attempt  to  follow  the  behavior  of  the  component  colors 
of  the  system,  several  solutions  containing  varying  quantities  of 
quinalizarin  reagent  were  prepared  under  conditions  similar  to 
those  of  actual  determinations.  The  concentrations  of  quina¬ 
lizarin  were  made  to  diminish  as  they  ordinarily  would  if  boron 
were  present  to  combine  with  a  portion  of  the  free  reagent.  The 
solution  of  greatest  quinalizarin  content  contained  0.50  mg.  of 
the  reagent  in  100-ml.  volume,  which  is  the  amount  normally 
added.  After  absorption  values  were  determined,  boric  acid  crys¬ 
tals  were  added  in  large  excess  to  convert  the  quinalizarin  as 
quantitatively  as  possible  to  the  boron  complex.  Upon  complete 
development  of  color,  readings  were  again  taken  (Table  IV). 
Adherence  to  Beer’s  law  is  observed  in  both  cases.  It  would  ap¬ 
pear,  therefore,  that  if  the  reaction  proceeds  stoichiometrically, 
a  straight  line  should  also  result  from  the  plotted  readings  of  a  se¬ 
ries  of  boron-quinalizarin  standards.  That  this  is  not  the  case 
is  apparent  from  the  parabolic  curve  actually  obtained. 
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Data  from  photoelectric  colorimeter  measurements  not  only 
establish  the  deviation  from  Beer’s  law,  but  also  indicate  that  far 
more  boron  may  be  added  before  complete  conversion  of  the 
quinalizarin  to  the  colored  complex  is  attained  than  the  two  atoms 
suggested  bv  the  equation  of  Berger  and  Truog  (1).  It  was  found 
experimentally  that  the  ratio  of  boron  to  quinalizarin  exceeded 
5  to  1  before  saturation  occurred.  In  addition  to  depending 
upon  the  concentration  of  sulfuric  acid  {17),  the  reaction  appears 
reversible,  varying  with  the  quantities  of  boron  and  quinalizarin. 

The  results  shown  in  Table  IV  are  indications  of  the  behavior 
of  the  individual  colors  of  the  system.  They  cannot,  however,  be 
combined  and  compared  to  values  obtained  by  following  the 
regular  procedure,  for  the  conditions  are  not  comparable  if  the 
reversibility  of  the  reaction  is  accepted.  In  the  first  instance  a 
large  excess  of  boron  is  employed  and  in  the  latter  case — under 
routine  conditions — the  quinalizarin  is  always  present  in  excess. 

The  curcumin-boron  transmission  curves,  shown  in  Figure  2, 


Table  IV.  Photoelectrometric  Readings  of  Individual  Colors  of 
Boron-Quinalizarin  System 


Solution 

No. 

Quinalizarin, 
Mg. /100  Ml. 
Volume 

Reading 

Solution 

No.“ 

Reading 

Combined 
Readings  & 

6 

0.50 

152 

1 

0 

152 

5 

0.40 

121 

2 

49 

170 

4 

0.30 

91 

3 

98 

189 

3 

0.20 

61 

4 

147 

208 

2 

0.10 

30 

5 

197 

227 

1 

0.00 

0 

6 

246 

246 

a  Same  solutions  as  in  first  column  with  large  excesses  of  boric  acid  crystals 
added. 

&  Appropriate  readings  of  two  solutions  added  together  to  obtain  equiva¬ 
lent  of  0.50  mg.  of  quinalizarin  originally  present.  Theoretically,  readings 
should  be  same  as  those  obtained  under  actual  working  conditions  if  reac¬ 
tion  proceeded  quantitatively. 


Figure  2.  Transmission  of  Boron-Curcumin  System 


indicate  that  resolution  of  the  two  component  colors  is  a  simple 
task.  Absorption  maxima  occur  at  420  and  535  millimicrons,  re¬ 
spectively.  The  boron  complex  was  successfully  determined 
using  a  No.  55  filter,  the  spectral  transmission  of  which  is  also 
shown  in  Figure  2.  Absorption  by  curcumin  reagent  within  this 
range  is  negligible.  The  results  obtained,  as  shown  in  Table  II, 
indicate  acceptable  precision. 

In  both  the  quinalizarin-boron  and  curcumin-boron  systems 
visual  comparison  to  standards  gave  satisfactory  results. 

REAGENTS 

All  reagents  used  are  of  c.p.  grade. 

Dilute  hydrochloric  acid.  Mix  100  ml.  of  hydrochloric  acid 
(sp.  gr.  1.19)  with  150  ml.  of  water. 

Hydrogen  peroxide  (3%);  sulfurous  acid  (saturated,  approxi¬ 
mately  6%);  sodium  hydroxide  (pellets);  sulfuric  acid  (sp.  gr. 
1.84). 

Quinalizarin  reagent  solution.  Dissolve  10  mg.  of  quinalizarin 
in  100  ml.  of  sulfuric  acid  (sp.  gr.  1.84); 

Dilute  hydrochloric  acid  wash  solution  (1%).  Mix  1  ml.  of 
hydrochloric  acid  (sp.  gr.  1.19)  with  100  ml.  of  water. 

PRECAUTIONS 

Use  only  glassware  known  to  be  free  of  boron  or  of  low  boron 
content.  (Corning  alkali-resistant  glassware  was  found  satis¬ 
factory.) 

Since  the  concentration  of  sulfuric  acid  used  will  affect  the 
boron  color,  it  is  necessary  to  ensure  uniform  concentration  or  to 
compensate  for  variations.  Uniform  concentrations  of  acid  may 
be  obtained  by  assaying  the  sulfuric  acid  and  adjusting  to  97.5% 
sulfuric  acid  by  weight,  employing  fuming  sulfuric  acid  (I).  As 
an  alternate  procedure  several  standards  may  be  determined  si¬ 
multaneously  with  the  unknowns,  making  any  necessary  correc¬ 
tions  to  compensate  for  the  variance  of  the  sulfuric  acid  concen¬ 
tration. 

The  highly  colored  quinalizarin  reagent  must  be  accurately 
dispensed;  otherwise  a  noticeable  error  is  introduced. 

A  olank  must  be  run  along  with  every  series  of  determinations. 

The  decomposition  of  the  hydrogen  peroxide  must  be  complete, 
for  oxidizing  substances  destroy  the  quinalizarin  reagent. 

ANALYTICAL  PROCEDURE 

Introduce  1  gram  of  finely  divided  drillings  into  a  250-inl. 
Erlenmeyer  flask  and  place  on  a  hot  plate.  Connect  the  flask  to 
a  reflux  condenser  and  add  12.5  ml.  of  dilute  hydrochloric  acid. 
Heat  to  just  below  the  boiling  point.  When  solution  is  com¬ 
plete,  add  10  ml.  of  hydrogen  peroxide  through  the  condenser 
tube  and  boil  to  decompose  the  carbides.  A  clear,  or  almost 
clear,  solution  should  result.  Rinse  the  reflux  tube  with  15  ml. 
of  water  and  boil  the  solution  vigorously  for  15  to  30  minutes  to 
decompose  the  hydrogen  peroxide  present.  Wash  the  condenser 
tube  free  of  condensed  vapors  with  75  ml.  of  water.  Remove  the 
flask  and  add  3  or  4  drops  of  sulfurous  acid,  with  swirling.  Filter 
through  a  9-cm.  close  paper,  catching  the  filtrate  and  washings 
in  a  200-ml.  graduated  flask  or  glass-stoppered  graduated  cylinder. 

Transfer  the  insoluble  residue  to  the  paper  and  wash  about 
five  times  with  dilute  hydrochloric  acid  wash  solution  (1%). 
Place  the  paper  in  a  platinum  crucible  and  ignite  at  low  red  heat 
until  free  of  organic  matter.  Add  a  small  quantity  of  sodium  car¬ 
bonate  (approximately  0.25  gram)  to  the  crucible,  cover,  and 
heat  until  fusion  is  complete.  Leach  the  soluble  material  with 
several  milliliters  of  the  dilute  hydrochloric  acid  wash  solution 
and  add  to  the  filtrate.  Adjust  the  volume  to  200  ml.  and  mix 
thoroughly.  Introduce  a  sufficient  number  of  sodium  hydroxide 
pellets  (usually  20  to  25,  depending  on  size)  to  make  the  solution 
barely  alkaline  to  litmus  paper.  (Precipitation  of  the  hydrox¬ 
ides  should  not  be  used  as  an  indication  of  alkalinity,  since  it  oc¬ 
curs  on  the  acid  side.)  Add  two  pellets  of  sodium  hydroxide  in 
excess  and  stir  well. 

Allow  the  precipitate  to  settle  for  several  minutes  and  decant 
through  a  dry  filter  paper.  Discard  the  first  10  to  20  ml.  of  the 
filtrate  and  then  collect  100  ml.,  transferring  to  a  250-ml.  Erlen¬ 
meyer  flask  made  of  Corning  No.  728  boron-free  glass.  Evapo¬ 
rate  to  40  ml.  and  then  add  several  drops  of  sulfurous  acid  and 
20  ml.  of  concentrated  sulfuric  acid.  Continue  the  evaporation 
until  fumes  fill  the  flask  and  fume  gently  for  5  minutes  to  remove 
moisture.  Remove  the  flask  from  the  heat  and  cover  with  a 
watch  glass.  WThen  the  solution  has  cooled  to  room  temperature, 
adjust  the  volume  to  50  ml.  with  concentrated  sulfuric  acid,  add 
2.5  nd.  of  quinalizarin  reagent  ,  and  mix  well.  Transfer  the  solu- 
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tion  to  a  ground-glass  stoppered  bottle  of  soft  glass  (boron-free 
glassware  is  preferable,  if  available) . 

After  one  hour,  the  solution  may  be  compared  visually  to  a 
series  of  sealed  standards  which  can  remain  stable  indefinitely. 
The  photoelectric  colorimeter  may  be  employed  as  an  alternate 
means  of  estimation.  The  instrument  is  adjusted  to  zero  with 
concentrated  sulfuric  acid  in  the  cell  and  readings  are  taken  on 
all  solutions,  including  a  blank  determination  on  boron-free  steel 
which  is  run  simultaneously.  A  No.  60  filter  is  used.  The 
blank  reading  obtained  is  subtracted  from  the  sample  reading. 
The  per  cent  of  boron  is  then  determined  by  referring  to  a  curve 
previously  drawn  from  a  series  of  standards  of  increasing  boron 
content. 

The  standards  are  prepared  from  samples  of  boron-free  steel, 
to  which  increments  of  standard  boric  acid  solution  equivalent  to 
0.001%  boron  are  added.  (Steel  samples  must  be  used  in  pre¬ 
paring  the  standards,  as  there  is  a  proportionate  retention  of 
boron  in  the  hydroxide  precipitate.)  A  blank  is  carried  along 
and  deducted  in  the  usual  way. 
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Colorimetric  Determination  of  Copper  in  Aluminum  Alloys 

ROBERT  F.  PATRIDGE 
Willys-Overland  Motors,  Inc.,  Toledo,  Ohio 


A  rapid,  colorimetric  method  for  the  determination  of  copper  in 
aluminum  alloys  containing  up  to  8.00%  copper  is  described.  In 
routine  determinations  the  method  is  accurate  to  within  ±0.03% 
copper,  and  can  be  applied  to  all  commercial  aluminum  alloys,  in¬ 
cluding  those  of  high  silicon  content.  The  results  agree  closely  with 
analyses  obtained  electrolytically  and  the  colorimetric  procedure 
offers  the  further  advantage  of  rapidity. 

IN  THE  chemical  analysis  of  most  aluminum  alloys,  the  de¬ 
termination  of  copper  is  usually  of  prime  significance,  for  this 
element  is  one  of  the  major  alloying  constituents  from  the  stand¬ 
point  of  both  quantity  and  frequency  of  occurrence.  Several 
well-established  procedures  for  the  determination  of  copper  are 
in  existence;  perhaps  the  two  most  reliable  and  frequently  used 
are  electrolytic  deposition  upon  a  platinum  cathode  (18)  and  iodo- 
metric  titration  (5).  Electrolysis  demands  the  absence  of  those 
metals  which  would  plate  with  or  inhibit  the  deposition  of  copper 
(2) ;  the  iodometric  type  of  analysis  requires  great  care  in  manipu¬ 
lation.  Both  methods  consume  a  considerable  amount  of  time. 
These  inherent  faults  of  length  and  inconvenience  became  es¬ 
pecially  serious  when  it  was  found  necessary,  in  this  laboratory, 
to  determine  copper  contents  of  aluminum  alloys  in  a  very  limited 
time.  The  necessity  for  a  faster  and  more  convenient  method 
was  apparent. 

Aside  from  spectrographic  analysis,  the  field  of  colorimetry 
seemed  to  offer  the  greatest  promise,  and  the  existence  of  several 
possible  reagents  and  procedures  was  recognized  (19).  Of  these 
reagents,  potassium  ethyl  xanthate  (2)  and  the  blue  ammonia 
complex  (17)  have  been  employed  for  copper  in  aluminum  alloys. 
The  xanthate  method  is  worthless  for  large  quantities  of  copper, 
and  the  less  sensitive  ammonia  complex,  to  be  of  any  value,  re¬ 
quires  a  spectrophotometer.  A  study  of  Conn’s  (7)  exhaustive 
survey  of  compounds  for  colorimetric  copper  led  to  the  choice  of 
Callan  and  Henderson’s  (6)  reagent,  sodium  diethyldithiocar- 
bamate.  No  literature  was  found  pertaining  to  the  use  of  this 


chromogenic  agent  for  the  determination  of  copper  in  aluminum 
alloys,  but  the  initial  success  in  this  laboratory  was  sufficient  to 
stimulate  further  research,  which  culminated  in  the  procedure 
presented  in  this  paper.  The  two  main  advantages  over  existing 
methods  are  its  simplicity  and  rapidity.  A  single  determination 
may  be  completed  in  15  minutes. 

The  essence  of  the  proposed  method  is  that  it  allows  colori¬ 
metric  determination  of  copper  in  the  presence  of  aluminum  and 
other  alloying  elements.  Since  sodium  diethyldithiocarbamate 
forms  colored  precipitates  or  solutions  with  other  metals  besides 
copper  (8),  these  might  seriously  interfere.  The  eleven  elements 
likely  to  be  present  in  alloying  quantities  (-3)  are  manganese, 
iron,  zinc,  nickel,  silicon,  magnesium,  lead,  chromium,  tin,  bis¬ 
muth,  and  titanium.  Table  I  shows  the  maximum  percentages 
of  these  eleven  elements  ordinarily  found  in  commercial  alloys 
(1).  It  followed  that  experimental  evidence  of  noninterference 
from  aluminum  and  its  alloying  elements  had  to  be  obtained. 
Silicon  need  not  be  taken  into  consideration,  since  it  is  eliminated 
through  dehydration  and  precipitation.  Obtaining  the  evidence 
required  (1)  preparation  of  a  standard  reference  curve  for  cop¬ 
per  in  the  presence  of  aluminum  only,  (2)  determination  of  the 
separate  effect  of  each  alloying  metal  on  the  curve,  and  (3)  de¬ 
termination  of  the  collective  effect  of  all  alloying  metals  on  the 
curve. 

REAGENTS 

All  chemicals  are  of  reagent  grade. 

Acid  Mixture  1  (Alcoa).  To  475  ml.  of  water  add  125  ml.  of 
concentrated  sulfuric  acid,  200  ml.  of  concentrated  nitric  acid, 
and  200  ml.  of  concentrated  hydrochloric  acid  U)- 

Standard  Aluminum  Solution.  Dissolve  0.800  gram  of  alu¬ 
minum  metal  in  acid  mixture  1,  reduce  to  sulfuric  fumes,  and  dilute 
to  1  liter  with  distilled  water;  1  ml.  contains  0.80  mg.  of  alu¬ 
minum.  ,  ,  ... 

Standard  Copper  Solution.  Dissolve  1.000  gram  of  electrolytic 
copper  in  10  ml.  of  concentrated  nitric  acid,  add  5  ml.  of  con¬ 
centrated  sulfuric  acid,  reduce  to  fumes,  and  dilute  to  1  liter;  1.0 
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Table  1. 

Alloying  Elements  in  Aluminum 

Element 

Maximum  Percentages 

Silicon 

12.5 

Iron 

1.4 

Manganese 

1.2  • 

Magnesium 

10.0 

Zinc 

11.0 

Nickel 

4.0 

Chromium 

0.3 

Lead 

0.5 

Tin 

5  0 

Titanium 

0.1 

Bismuth 

0.2 

ml.  contains  1.0  mg.  of  copper.  Dilute  10.0  ml.  of  this  solution  to 
1  liter;  1.0  ml.  of  the  solution  contains  0.01  mg. 

Standard  solutions  of  the  sulfates  of  ferric  iron,  divalent  man¬ 
ganese,  zinc,  magnesium,  nickel,  trivalent  chromium,  and  titan¬ 
ium;  lead  nitrate,  bismuth  subnitrate,  and  stannous  chloride, 
all  containing  0.1  mg.  of  the  metal  per  ml. 

Citric  Acid,  10%.  Dissolve  100  grams  of  citric  acid  in  1  liter 
of  water. 

Ammonium  Hydroxide,  1  to  3.  Mix  500  ml.  of  concentrated 
ammonium  hydroxide  with  1500  m  of  distilled  water. 

Dime  thy  lgly  oxime.  Dissolve  1  gram  of  dimethylgly  oxime  in 
100  ml.  of  concentrated  ammonium  hydroxide. 

Carbon  Tetrachloride. 

Sodium  Diethyldithiocarbamate  (Eastman).  Dissolve  1  gram 
of  the  reagent  in  1  liter  of  water.  The  solution  should  be  stored 
in  brown  bottles  and  not  kept  longer  than  one  week. 

APPARATUS 

Klett-Summerson  Photoelectric  Colorimeter,  Model  900-3. 
Tubes  were  employed  in  conjunction  with  a  green  filter  having  a 
maximum  transmission  of  540  millimicrons.  Although  the  ab¬ 
sorption  maximum  of  copper  diethyldithiocarbamate  in  organic 
solutions  lies  near  440  millimicrons  ( 9 ),  so  that  a  blue  filter  can 
also  be  used,  greater  linear  relationship  over  a  wider  range  of 
concentration  of  copper  can  be  maintained  with  a  green  filter 
{16). 


EXPERIMENTAL 

A  reference  curve  representing  copper  in  pure  aluminum  was 
prepared  from  the  colorimeter  readings  of  different  quantities  of  a 
standard  copper  solution  added  to  a  constant  quantity  of  a 
standard  aluminum  solution.  Inasmuch  as  most  commercial 
alloys  contain  more  than  0.10  and  less  than  8.00%  copper  ( 1 ), 
these  amounts  were  arbitrarily  considered  the  minimum  and 
maximum  to  be  represented  on  the  curve.  It  was  realized  that 
this  range  is  so  wide  that  the  relationship  might  not  hold  through¬ 
out  these  extremes  in  concentration.  However,  the  value  of  such 
limits  is  apparent  in  that  4.00%  copper,  the  amount  found  in  the 
greatest  number  of  alloys,  falls  conveniently  midway  on  the 
curve. 

Concentrations  containing  0.002  to  0.014  mg.  of  copper  per 
ml.  of  carbon  tetrachloride  produced  a  greenish-yellow  solution 
suitable  for  estimation  in  the  photoelectric  colorimeter  {15). 
These  concentrations  agree  with  the  results  of  Mosely,  Rohwer, 
and  Moore  {14),  who  reported  0.005  to  0.040  mg.  per  ml.  as  the 
most  accurate  range  of  concentration  for  determining  copper. 
A  concentration  of  0.0064  mg.  per  ml.,  a  value  midway  in  the 
range  from  0.0000  to  0.0140  mg.  per  ml.,  was  arbitrarily  taken  to 
represent  4.00%  copper.  Milliliters  of  standard  copper  solution 
corresponding  to  the  range  from  0.10  to  8.00%  were  then  meas¬ 
ured  from  a  buret  into  10.0  ml.  of  standard  aluminum  solution. 
The  resulting  combination  was  treated  with  citric  acid,  dimethyl- 
glyoxime,  ammonium  hydroxide,  and  sodium  diethyldithiocar¬ 
bamate,  and  the  yellow  precipitate  was  then  extracted  with  50 
ml.  of  carbon  tetrachloride.  The  average  dial  readings  of 
triplicate  determinations  for  each  0.50%  of  copper  were  used  as 
points  for  constructing  the  reference  curve. 

Tests  showed  that  the  relationship  between  concentration  and 
transmission  was  linear,  up  to  concentrations  of  6.00%.  These 
solutions  therefore  conform  to  the  Beer-Lambert  law,  as  stated 
by  McFarlane  (IS)  and  Drabkin  (9),  even  in  the  presence  of  large 


amounts  of  aluminum.  Further,  the  removal  of  aluminum,  as 
suggested  by  Kelly  and  Molloy  (12),  was  apparently  unneces¬ 
sary,  owing  to  the  formation  of  an  aluminum-citric  acid  com¬ 
plex.  At  concentrations  greater  than  6.00%,  a  deviation  from  a 
linear  relationship  was  found  to  occur.  The  individual  readings 
did  not  deviate  from  the  average  curve  by  more  than  one  dial 
division  at  any  time.  • 

In  order  to  determine  the  influence  of  the  ten  alloying  constitu¬ 
ents  listed  in  Table  I,  the  following  procedure  was  used: 
Standard  solutions  representing  the  maximum  percentages  or 
more  of  each  element  (except  silicon)  found  in  commercial  alloys 
were  added  to  copper-in-aluminum  solutions  corresponding  to 
1.00,  4.00,  and  8.00%  copper.  The  results  of  the  tests  are  shown 
in  Table  II. 

Effect  of  Iron.  Iron  is  known  to  form  a  deep  brown  color 
with  sodium  diethyldithiocarbamate  (6).  But,  as  seen  from 
Table  II,  comparatively  little  influence  was  exerted  by  its  ions 
throughout  the  range  of  copper  when  citric  acid  was  present, 
supporting  the  claim  of  Haddock  and  Evers  (10)  that  1.0  gram 
of  citric  acid  is  sufficient  to  prevent  interference  by  0.05  gram  of 
iron. 

Effect  of  Manganese.  Any  influence  that  manganese  may 
bring  to  bear  (6)  is  eliminated  by  its  complex-forming  action  with 
citric  acid.  No  effect  was  found,  in  agreement  with  a  previous 
report  (11)  that  the  interference  from  0.1  gram  of  manganese 
can  be  prevented  with  1.0  gram  of  citric  acid. 

Effect  of  Nickel.  The  known  interference  of  nickel  (8)  was 
prevented  by  its  reaction  and  removal  with  dimethylglyoxime. 
Without  this  reagent,  however,  nickel  would  form  a  green  pre¬ 
cipitate  (12)  soluble  in  carbon  tetrachloride  (8),  which  would 
interfere  with  the  determination  of  copper.  Kelly  and  Molloy 
(12)  found  1  mg.  of  nickel  in  100  ml.  of  solution  gave  a  light  green 
precipitate,  but  at  that  time  had  discovered  no  method  for  over¬ 
coming  the  difficulty. 


bined  Effect 

upon  Colorimetric  Determination  of  Copper 

Metals 

Copper 

Copper 

Copper 

Copper 

Copper 

Copper 

Present 

Present 

Found 

Present 

Found 

Present 

Found 

% 

Cr? 

Vo 

% 

% 

% 

% 

% 

Fe 

2.00 

1.00 

1.00 

4.00 

4.03 

8.00 

7.97 

Mn 

2.00 

1.00 

0.97 

4.00 

4.00 

8.00 

8.00 

Ni 

4.00 

1.00 

1.03 

4.00 

3  97 

8.00 

7.95 

Cr 

2.00 

1.00 

1.00 

4.00 

3.97 

8.00 

7.99 

Zn 

11.00 

1.00 

1.00 

4.00 

4.00 

8.00 

8.01 

Mg 

10  00 

1.00 

0.97 

4.00 

4.00 

8.00 

7.98 

Pb 

2.00 

1.00 

1  .03 

4.00 

4.03 

8.00 

8.04 

Sn 

5.00 

1.00 

1.03 

4.00 

4.03 

8.00 

8.03 

Ti 

2.00 

1.00 

1.00 

4.00 

3.97 

8.00 

7.97 

Bi 

2.00 

1  .00 

1.00 

4.00 

4.03 

8.00 

8.03 

Combined 

1  .00 

1.03 

4.00 

4.03 

8.00 

8.04 

Effect  of  Zinc.  As  seen  in  Table  II,  zinc  had  no  influence 
even  at  high  concentrations.  This  was  to  be  expected,  because 
this  element  interferes  only  if  present  to  the  extent  of  1000  times 
the  copper  concentration,  and  even  this  amount  could  be  ex¬ 
ceeded  by  the  addition  of  excess  ammonium  hydroxide  (6). 

Effect  of  Magnesium.  No  effect  was  produced  by  mag¬ 
nesium  even  at  high  concentrations.  This  agrees  with  Callan  s 
(6)  study  showing  that  large  amounts  of  this  element  will  produce 
a  slight  white  turbidity  with  the  chromogen,  but  the  turbidity  is 
insoluble  in  carbon  tetrachloride. 

Effect  of  Lead.  Lead  forms  a  white  precipitate  with  the 
reagent  (6),  which  is  soluble  in  carbon  tetrachloride.  The  re¬ 
sulting  solution  is  colorless,  and  amounts  up  to  2.00%  did  not 
interfere. 

Effect  of  Chromium.  In  the  presence  of  citric  acid  and  am¬ 
monia,  large  quantities  of  trivalent  chromium  produce  turbidity 
(11).  No  appreciable  solubility  of  this  precipitate  in  carbon 
tetrachloride  was  found.  At  least  2.00%  gave  no  interference. 

Effect  of  Tin.  The  buff  precipitate  produced  by  stannic 
ions  (6)  is  soluble  in  carbon  tetrachloride,  the  solution  being 
nearly  colorless.  No  effect  on  the  determination  of  copper  was 
afforded  by  tin  in  quantities  up  to  5  00%. 

Effect  of  Titanium.  Large  amounts  of  titanium  react  only 
slightly  with  sodium  diethyldithiocarbamate  in  an  ammoniacal 
citric  acid  medium.  The  presence  of  at  least  2.00%  titanium 
gave  no  interference  in  determining  copper. 

Effect  of  Bismuth.  Bismuth  produces  a  bright  yellow  pre¬ 
cipitate  with  the  reagent,  soluble  in  carbon  tetrachloride.  The 
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resulting  solution,  however,  exhibits  no  absorption  characteris¬ 
tics  in  the  range  of  the  green  filter  used.  \o  interference  on  the 
determination  of  copper  was  observed  by  bismuth  in  quantities 
up  to  2.00%. 

Combined  Effect  of  All  Metals.  The  combined  effect  of 
all  the  alloying  metals  at  their  maximum  percentages  had  to 
be  determined,  although  no  such  commercial  alloy  exists.  If  the 
solution  of  such  an  alloy  followed  the  relationship  established, 
copper  could  definitely  be  determined  in  any  commercial  alloy. 
The  results  of  this  experiment,  also  given  in  Table  II,  show 
that  the  collective  effect  of  these  metals  is  negligible. 

Effect  of  Solvents.  Solvents  other  than  carbon  tetrachlo¬ 
ride  (19)  can  be  used  for  extraction,  n-  Amyl  alcohol  (13),  isoamvl 
alcohol  (15),  and  isoamyl  acetate  (9)  were  tried  and  discarded, 
owing  to  the  failure  of  the  solvent  and  aqueous  layers  to  separate 
quickly  and  sharply.  Carbon  tetrachloride  was  chosen  because 
of  great  solvent  power,  ability  to  separate  from  water  rapidly, 
and  nonflammability. 

Effect  of  pH.  Previous  investigations  (6,  10)  have  shown 
that  optimum  conditions  for  the  formation  and  extraction  of  the 
copper  complex  are  met  at  a  pH  of  9.0  to  9.3.  In  addition,  a 
strongly  ammoniacal  solution  is  necessary  to  keep  zinc  in  solution 
if  present  in  relatively  large  amounts  (6).  The  use  of  the  pre¬ 
scribed  amounts  of  reagents  called  for  in  the  procedure  consist¬ 
ently  resulted  in  a  solution  having  a  pH  between  9.0  and  9.3. 

Effect  of  Time  and  Temperature.  The  copper  complex  was 
extremely  stable  in  carbon  tetrachloride  solutions  kept  at  room 
temperature.  A  stoppered  tube  containing  the  solution  did  not 
change  in  transmission  for  many  days. 

With  the  above  information,  a  procedure  was  developed  which 
can  be  widely  adapted  to  the  determination  of  copper  in  alu¬ 
minum  alloys. 


Table  III. 

Reproducibility  of  Method  for  Ana 

lysis  of  Copper 

Aluminum 

Deviation 

Sample 

Copper  Present"  Copper  Found  from  Mean 

% 

% 

% 

i 

4.11 

4.09 

0.01 

2 

4.11 

4.09 

0.01 

3 

4.11 

4.06 

0.04 

4 

4.11 

4.09 

0.01 

5 

4  11 

4.13 

0.03 

6 

4.11 

4.09 

0.01 

7 

4.11 

4.06 

0.04 

8 

4.11 

4.13 

0,03 

9 

4  11 

4.09 

0.01 

10 

4.11 

4.13 

0  03 

Av. 

4.11 

4.10 

0.02 

a  Bureau  of  Standards  Sample  85. 

ANALYTICAL  PROCEDURE 

Place  0.200  gram  of  the  alloy  in  a  250-ml.  covered  beaker,  and 
add  15  ml.  of  acid  mixture  1.  After  the  sample  has  dissolved, 
heat  the  solution  to  fumes  of  sulfuric  acid.  At  this  point  the 
solution  becomes  sirupy,  and  care  must  be  taken  to  avoid  loss  of 
material  by  spattering.  No  harm  will  result,  however,  if  the 
solution  evaporates  to  dryness.  Cool  for  a  few  minutes,  add  60 
ml.  of  hot  water,  and  boil  until  any  residue  is  dissolved.  Because 
of  dehydrated  silica,  the  solution  usually  appears  slightly  turbid, 
but  its  presence  offers  no  difficulty  during  subsequent  operations. 
Cool  the  solution  in  a  water  bath,  transfer  to  a  250-ml.  volumetric 
flask,  and  dilute  to  volume. 

Pipet  a  10.0-aliquot  into  a  250-ml.  beaker,  and  add  the  follow¬ 
ing  reagents  in  order:  10  ml.  of  citric  acid,  5  drops  of  dimethyl- 
glyoxime,  and  10  ml.  of  1  to  3  ammonium  hydroxide.  Allow  the 
solution  to  stand  for  3  minutes.  If  a  faint  pink  turbidity  de¬ 
velops,  the  alloy  contains  nickel.  The  precipitate  should  be  fil¬ 
tered  and  washed  with  a  minimum  amount  of  hot  water.  Trans¬ 
fer  the  filtrate  (or  the  unfiltered  solution  if  nickel  is  not  present) 
to  a  500-ml.  separatory  funnel,  and  rinse  the  beaker  twice  with 
small  portions  of  water,  adding  rinsings  to  the  funnel.  To  the 
solution  in  the  funnel  add  20  ml.  of  0.1%  sodium  diethyldithio- 
carbamate,  and  extract  with  two  25-ml.  portions  of  carbon  tetra¬ 
chloride.  The  copper  diethyldithiocarbamate  dissolves  in  carbon 
tetrachloride  to  form  a  yellow  solution.  Drain  the  lower  layers 
of  carbon  tetrachloride  into  a  dry  50-ml.  volumetric  flask,  and 
dilute  to  volume  with  carbon  tetrachloride.  The  solution  is  now 
ready  for  matching  in  the  colorimeter  tube  or  cell.  Set  the  initial 
zero  of  the  colorimeter  with  a  blank  of  pure  aluminum  metal 
carried  along  with  the  sample.  Determine  the  percentage  of  cop¬ 
per  from  the  previously  established  working  curve. 


Table  IV.  Comparison  of  Electrolytic  and  Colorimetric  Analysis 
for  Copper  in  Aluminum  Alloys 


(Average  of  duplicates) 


Sampl^ 

Electrolytic 

Colorimetric 

Difference 

% 

% 

% 

1 

0.96 

0.98 

+  0.02 

2 

2.51 

2.56 

+  0.05 

3 

2.65 

2.63 

-0.02 

4 

3.30 

3.33 

+  0.03 

5 

3.61 

3.61 

0.00 

6 

3.95 

3.92 

-0.03 

7 

4.02 

4.02 

0.00 

8 

4.07 

4.07 

0.00 

9" 

4.09 

4.11 

+  0.02 

10 

4.11 

4.12 

+0.01 

11 

4.20 

4.23 

+  0.03 

12 

4.22 

4.23 

+  0.01 

13 

4.22 

4.23 

+  0.01 

14 

4.37 

4.39 

+  0.02 

15 

4.53 

4.52 

-0.01 

16 

4.60 

4.58 

-0.02 

17 

6.75 

6.74 

-0.01 

18& 

6.72 

7.65 

+  0.03 

19c 

7.86 

7.88 

+0.02 

“  Bureau  of  Standards  No.  85;  specified  copper  content,  4.11%. 
b  Bureau  of  Standards  No.  86a;  specified  copper  content,  7.65%. 
c  Bureau  of  Standards  No.  86b;  specified  copper  content,  7.87%. 


REPRODUCIBILITY 

To  check  the  reproducibility  of  the  method,  the  copper  con¬ 
tent  of  Bureau  of  Standards  Sample  85  was  determined  on  10 
separate  samples  using  identical  treatment.  The  results  of  the 
test  are  shown  in  Table  III. 

ACCURACY 

Since  the  electrolytic  determination  of  copper  is  considered  the 
most  accurate  method,  and  is  the  one  most  generally  used  in  in¬ 
dustry,  the  colorimetric  and  electrolytic  methods  were  compared 
(Table  IV).  All  figures  are  averages  of  duplicate  analyses.  Color¬ 
imetric  results  were  found  to  agree  closely  with  the  specified 
analyses  of  three  Bureau  of  Standards  samples. 
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Determination  of  Peroxides  in  Synthetic  Rubbers 

RICHARD  F.  ROBEY  and  HERBERT  K.  WIESE 
Esso  Laboratories,  Standard  Oil  Development  Co.,  Elizabeth,  N.  J. 


The  ferrous  thiocyanate  colorimetric  method  is  applicable  to  the 
determination  of  active  oxygen  in  commercial  synthetic  rubbers 
if  the  reagent  is  made  up  in  a  mixed  solvent  comprising  absolute 
ethanol  and  chloroform.  Antioxidants  used  in  commercial  syn¬ 
thetics  do  not  affect  the  results. 

PEROXIDES  are  found  in  synthetic  rubbers  either  as  the  re¬ 
sult  of  attack  by  oxygen,  usually  from  the  air,  or  as  a  residue 
from  polymerization  operations  employing  peroxide  catalysts. 
Because  of  possible  detrimental  effects  of  active  oxygen  on  the 
properties  of  the  rubber  (3),  a  method  of  quantitative  determina¬ 
tion  is  needed. 

The  concentration  of  peroxides  in  substances  of  lower  molecu¬ 
lar  weight  may  be  determined  with  ferrous  thiocyanate  reagent, 
either  titrimetrically  as  recommended  by  Yule  and  Wilson  (?) 
or  colorimetrically  as  by  Young,  Vogt,  and  Nieuwland  ( 6 ). 
Unfortunately,  many  highly  polymeric  substances  are  not  soluble 
in  the  acetone  and  methanol  solutions  employed  in  these  proce¬ 
dures.  This  is  also  the  case  with  hydrocarbon  monomers,  such 
as  butadiene,  containing  appreciable  concentrations  of  soluble 
high  molecular  weight  polymers  (4).  Bolland  et  al.  (!)  recom¬ 
mended  benzene  as  a  solvent  for  natural  rubber  samples  and  the 
reagent  made  up  in  methanol.  However,  most  synthetic  rubbers 
are  not  readily  soluble  even  in  this  combination.  The  following 
procedure  employs  the  ferrous  thiocyanate  reagent  in  combina¬ 
tion  with  a  solvent  capable  of  maintaining  considerable  concen¬ 
trations  of  synthetic  rubber  in  solution.  The  solvent  comprises 
essentially  20%  ethanol  in  chloroform. 

SCOPE  AND  ACCURACY 

The  procedure  has  been  found  applicable  to  Perbunan,  Buna-S, 
Butyl,  and  other  synthetic  rubbers  and  plastics  soluble  in  hydro¬ 
carbon  or  other  solvents,  or  to  that  portion  which  is  soluble  in 
case  the  sample  contains  appreciable  “gel”.  In  general,  it  is  re¬ 
stricted  to  unvulcanizedt  samples.  Highly  colored  samples  may 
give  difficulty  in  the  colorimetry.  The  presence  of  fresh  oxida¬ 
tion  inhibitors,  such  as  phenyl-/3-naphthylamine,  and  Agerite 
White  (sym-di-/3-naphthy]-p-phenylenediamine)  does  not  affect 
the  results,  indicating  that  the  interaction  between  active  oxygen 
and  inhibitors  is  rather  slow  at  ordinary  temperatures.  Strong 
oxidizing  agents,  of  course,  will  interfere.  By  this  method  it  is 
possible  to  detect  10  parts  per  million  of  active  oxygen  in  the 
polymer.  Accuracy  is  about  5  to  10%. 

REAGENT 

Ferrous  Solution.  Dissolve  0.130  gram  of  potassium  thio¬ 
cyanate  in  50  ml.  of  absolute  ethyl  alcohol,  add  0.065  gram  of 
ferrous  chloride  tetrahydrate,  and  shake  the  mixture  until  dis¬ 
solved.  Make  79  ml.  of  pure  chloroform  up  to  100  ml.  with  the 
alcoholic  ferrous  thiocyanate  solution  and  acidify  with  2  drops 
of  concentrated  sulfuric  acid.  The  resulting  reagent  should  be¬ 
come  practically  colorless.  A  precipitate  of  potassium  chloride 
which  usually  occurs  is  allowed  to  settle  or  is  centrifuged  out. 
The  reagent  is  stable  for  several  hours  in  the  dark. 

PROCEDURE 

Sampling.  The  polymer  sample  should  be  fairly  dry  and  as 
homogeneous  and  representative  as  possible.  Milling  in  the 
presence  of  air  may  add  peroxides.  The  sample  need  not  be 
thoroughly  dry.  Dissolve  about  0.60  gram,  weighed  to  0.01 
gram,  of  finely  cut  polymer  sample  in  20.0  grams  of  benzene  in  a 
suitably  stoppered  vessel  of  such  a  size  as  to  leave  but  little  free 
space.  Hasten  solution  with  the  aid  of  continuous  agitation  or 
tumbling,  and  if  necessary,  filter  to  remove  any  foreign  matter. 
Any  soluble  ferric  iron  present  in  the  sample  undoubtedly  inter¬ 


feres  with  the  analysis.  A  correction  can  be  made  for  ferric  iron 
by  following  the  procedure  with  a  separate  portion  of  the  solu¬ 
tion,  omitting  the  ferrous  salt  from  the  above  reagent. 

Analysis.  By  means  of  a  pipet  add  one  volume  of  polymer 
solution  to  15  volumes  of  ferrous  reagent.  Compare  the  color 
developed  with  that  obtained  by  adding  1  ml.  of  a  standard 
solution  instead  of  sample.  Standard  solutions  may  be  prepared 
by  dissolving  small  known  weights  of  pure  ferric  chloride  hexa- 
hydrate  in  a  given  volume  of  methanol  followed  by  dilution  with 
19  volumes  of  chloroform.  A  blank  determination  should  also 
be  made,  employing  1  ml.  of  the  solvent  benzene  instead  of 
sample  solution,  and  the  results  corrected  accordingly.  Com¬ 
parisons  are  probably  best  made  by  colorimetric  or  spectrophoto- 
metric  technique  at  brief  periodic  intervals  until  no  further 
change  is  observed.  A  Diller  photoelectric  colorimeter  was  em¬ 
ployed  in  the  present  work.  The  optimum  spectral  distribution 
for  absorption  by  ferric  thiocyanate  solution  has  already  been 
demonstrated  (5).  It  may  be  necessary  to  dilute  the  sample 
solution  in  benzene  with  an  additional  known  weight  of  the  same 
solvent  in  order  to  make  the  observation  in  a  favorable  range  of 
optical  density.  This  range  was  attained  with  0  to  25  p.p.m.  of 
active  oxygen  in  the  polymer  solution. 

TEST  OF  THE  METHOD 

The  time  required  for  various  peroxides  to  give  maximum  color 
density  with  the  reagent  varies  considerably.  Table  I  indicates 
some  relative  rates  at  room  temperature  and  with  an  initial  con¬ 
centration  of  10  p.p.m.  of  active  oxygen  in  the  sample  solution. 

It  is  evident  that  the  hydroperoxides  react  the  more  rapidly 
and  that  the  peroxides  in  the  rubber  are  indicated  to  be  largely 
of  this  type.  These  observations  are  in  agreement  with  those  of 
Farmer  and  Sutton  on  polyisoprene  ( 2 ).  The  response  of  the 
ferrous  reagent  to  benzoyl  peroxide  may  be  accelerated  by  gentle 
warming  of  the  test  mixture. 

Bolland  et  al.  ( 1 )  have  pointed  out  the  severe  difficulties  in¬ 
volved  in  preparing  polymeric  mixtures  containing  known  con¬ 
centrations  of  peroxide  by  direct  reaction  of  oxygen.  As  an 
approximation  thereto,  however,  known  mixtures  were  prepared 
for  the  present  investigation  with  commercial  peroxides  in  ben¬ 
zene  solution  and  analyzed  in  the  absence  and  presence  of  Buna- 
S  (Table  II).  Values  obtained  in  the  presence  of  the  rubber 


Table  I.  Time  for  Maximum  Color  Density 

Time  for  Complete 

Peroxide  Reaction,  Min. 

Benzoyl  75 

Ascaridole  60 

tert- Butyl  hydroperoxide  5 

Butyl  rubber,  air-peroxidized  10 

Perbunan,  air-peroxidized  10 

Buna-S,  air-peroxidized  10 

Isoprene,  air-peroxidized  5 

Dimer  of  butadiene,  air-peroxidized  20 


Table  II.  Analysis  of  Known  Mixtures 

Active  Oxygen 

in  Solution 

Peroxide  Used  Added 

Synthesis 

Found 

P.p.m. 

P.p.m. 

Benzoyl  None 

2.5 

2.3 

5 . 0 

5 . 5 

9.6 

10.0 

9.8 

10.2 

14.7 

15.0 

15.5 

15.8 

18.7 

18.7 

26.7 

26.7 

Buna-S 

10 

12 

20 

23 

<er£-Butyl  hydroperoxide  None  . 

4.8 

4.1 

11.2 

11.3 
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were  corrected  for  the  small  original  active  oxygen  content  of  the 
rubber  as  determined  in  a  separate  analysis. 

Since  many  synthetic  rubbers  contain  stabilizers  (antioxidants) 
of  some  kind,  attempts  were  made  to  learn  whether  such  com¬ 
pounds  have  any  effect  on  the  determination.  Phenyl- /3-naph- 
thylamine  and  Agerite  White  equivalent  to  0.05  and  0.20  weight 
%,  respectively,  based  on  the  polymer  solution  were  added  to 
Butyl  and  to  Buna-S  dissolved  in  benzene.  Peroxide  determina¬ 
tions  resulted  as  follows: 

Active  Oxygen  Found, 

Inhibitor  Absent 

Polymer  P.B.N.  A.W. 

P.p.m.  P.p.m 

Butyl  142  25 

Buna  S  45  15 

It  can  be  concluded  that  these  inhibitors  do  not  affect  the 
analysis. 
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Presence  of  Inhibitor 
P.B.N.  A.W. 

P.p.m.  P.p.m. 
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47  15 


Determination  of  Nitrate  in  Boiler  ^X^ater 
by  Brucine  Reasent 

CHARLES  A.  NOLL 
W.  H.  &  L.  D.  Betz,  Philadelphia,  Pa. 


BECAUSE  of  the  widespread  use  of  sodium  nitrate  and  the 
maintenance  of  sodium  nitrate-sodium  hydroxide  ratios 
in  boiler  water  for  controlling  tendencies  toward  intercrystalline 
cracking,  it  has  become  imperative  that  an  efficient,  accurate,  and 
easily  manipulated  method  for  the  determination  of  nitrate  be 
provided,  particularly  for  routine  plant  control.  The  nitrate 
method  used  by  some  chemists  consists  of  the  reduction  of  ni¬ 
trate  ion  to  ammonia  which  is  then  distilled  over  into  standard 
acid  and  back-titrated  ( 2 ).  Another  procedure  involves  dis¬ 
tillation  of  the  ammonia  which  is  caught  in  distilled  water  and 
then  directly  Nesslerized  (1).  The  e  methods  are  obviously 
rather  tedious  even  for  a  well-equipped  laboratory  and  have  not 
been  widely  adopted  for  plant  control.  The  phenoldisulfonic 
method  ( 1 )  for  nitrate  is  also  rather  cumbersome  and  not  well 
adapted  to  plant  control. 

While  this  nitrate  study  was  in  progress,  a  paper  reported 
using  brucine  reagent  for  the  determination  of  nitrate  in  soil  and 
plant  extracts  (4).  The  range  of  nitrate  concentration  investi¬ 
gated  was  considerably  below  the  boiler  water  range  and  the 
brucine  reagent  used  was  in  acid  solution,  requiring  preparation 
just  prior  to  using. 

A  new  method  for  the  determination  of  nitrate  in  boiler  water 
is  herein  described.  The  use  of  brucine  reagent  was  suggested  by 
Snell  (3),  who  employed  it  for  the  determination  of  nitrate  in 
meat.  The  procedure  described  adapts  this  method  with  some 
changes  for  the  determination  of  nitrate  in  boiler  water,  employ¬ 
ing  a  Klett-Summerson  photoelectric  photometer. 

REAGENTS  AND  CONDITIONS 

Potassium  Nitrate  Reagent  grade  potassium  nitrate  is 
dried  in  an  oven  at  105°  =*=  1  °  C.  for  24  hours  and  1.631  grams 
are  accurately  weighed,  dissolved  in  approximately  20  ml.  of  dis¬ 
tilled  water,  and  made  up  to  1  liter  with  distilled  water.  The 
solution  strength  is  then  1  ml.  =  1  mg.  as  NO,-*. 

Brucine  Alkaloid.  Five  grams  of  pure  brucine  alkaloid 
crystals  are  dissolved  in  approximately  20  ml.  of  chloroform  and 
made  up  to  100  ml.  with  chloroform  (reagent  grade).  (Brucine 
is  a  very  poisonous  alkaloid  and  care  should  be  taken  in  handling 

Sulfuric  Acid.  Sulfuric  acid,  reagent  grade,  specific  gravity 
1.84  and  possessing  95  to  96%  assay. 

Klett-Summerson  Photometer.  A  10-ml.  test  tube,  13  mm. 
wide,  470-mp  color  filter. 


PROCEDURE  AND  STANDARDIZATION 

Pipet  two  5.0-ml.  samples  of  the  water  to  be  analyzed  into 
50-ml.  beakers;  to  one  beaker  first  add  0.2  ml.  of  brucine  reagent 
and  then  to  both  beakers  add  10  ml.  of  sulfuric  acid.  Add  the 
acid  to  avoid  spattering  and  mix  thoroughly.  (Clean  dry  glass- 
ware  is  preferable  in  this  test,  although  the  addition  of  as  much 
as  0.5  ml.  of  water  will  not  affect  the  result.) 

To  the  sample  untreated  with  brucine  add  10  ml.  of  distilled 
water,  swirl  to  mix,  cool,  transfer  a  portion  of  the  sample  to  the 
10-ml.  test  tube,  and  set  the  photometer  to  the  zero  reference 
point  using  the  470-mju  filter. 

When  the  brucine-treated  sample  has  stood  a  minimum  of  3 
minutes  (not  over  10  minutes),  add  10  ml.  of  distilled  water,  mix, 
cool,  transfer  to  the  photometer  as  above,  and  determine  the 
dial  reading.  Read  the  nitrate  equivalent  to  the  dial  reading 


Tabic  1.  Time 

Effect  after  Sulfuric  Acid  Addition 

Nitrate  as  NO3 

Time 

Present 

Found 

Min. 

P.p.m. 

P.p.m. 

3 

25.0 

25.0 

5 

25.0 

25.0 

7 

25.0 

25.0 

10 

25.0 

25.5 

20 

25.0 

33.0 

30 

25.0 

37.2 

Table  II. 

Stability  of  Color  Developed 

Time  of  Standing 

Nitrate  as  NO3 

after  Sample  Preparation 

Present 

r  ouna 

Min. 

P.p.m. 

P.p.m. 

0 

25.0 

25.0 

30 

25.0 

25.1 

60 

25.0 

25.2 

90 

25.0 

24.3 

120 

25.0 

23.8 

Table  III. 

Age  of  Brucine  Reagent 

Nitrate  as  NOs 

Found 

Age  of  Reagent 

Present 

Days 

P.p.m. 

P.p.m. 

0 

25.0 

25.0 

1 

25.0 

25.0 

7 

25.0 

25.0 

14 

25.0 

25.0 

30 

25.0 

25 . 2 

40 

25.0 

24.8 

60 

25.0 

25.1 
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Figure  1.  Sample  Curve  for  Photometer  Calibration 


from  a  calibrated  curve  obtained  using  solutions  of  known  ni¬ 
trate  values.  A  sample  is  shown  in  Figure  1. 

Although  the  yellow  color  absorbs  more  illumination  at  400  and 
420  m m,  the  470-m/n  filter  was  used  in  order  to  obtain  a  reasonably 
long  range  of  concentration.  However,  the  curve  flattens  out 
above  55  p.p.m.  of  nitrate  and  for  concentrations  in  excess  of  this 
value  dilution  of  the  sample  is  required.  The  sensitivity  of  the 
method  is  about  0.3  p.p.m.  and  the  accuracy  of  the  test  is  ap¬ 
proximately  0.5  p.p.m. 

EFFECT  OF  IONS  AND  CONDITIONS 

After  preparation  of  the  curve  standard  nitrate  solutions  were 
employed  to  determine  whethei  or  not  temperature  of  the  solu¬ 
tion  being  tested  affected  the  results  and  it  was  found  that 


Table  IV.  Effect  of  Possible  Interfering  Ions 


Ion 

Nitrate  as  NOj 

Present 

Present 

Found 

P.p.m. 

P.p.m. 

P.p.m. 

Sodium  Nitrite 

10.0 

0.0 

0.0 

2.0 

10.0 

10.0 

2.0 

40.0 

40.0 

10.0 

10.0 

10.4 

10.0 

40.0 

39.8 

Chloride 

100 

25.0 

24.8 

200 

25.0 

24  9 

200 

5.0 

4.9 

500 

5.0 

5.0 

500 

26.0 

25.1 

1000 

5.0 

5.1 

1000 

25.0 

25.2 

Ion 

Nitrate  as  NOa 

Present 

Present 

Found 

P.p.m. 

P.p.m. 

P.p.m. 

Orthophosphate 

100 

0.0 

0.0 

50 

10.0 

10.0 

50 

40.0 

40.0 

100 

10.0 

10.0 

100 

40.0 

40.3 

200 

10.0 

10.2 

200 

40.0 

40.0 

Sodium  Metaphosphate 

50 

0.0 

0.0 

25 

10.0 

10.1 

25 

40.0 

40.3 

50 

10.0 

10.1 

50 

40.0 

40.2 

from  20°  to  80°  C.  no  temperature  interference  was  obtained. 
In  addition  the  period  of  timing  necessary  after  the  addition 
of  sulfuric  acid  and  the  age  of  brucine  indicator  were  investi¬ 
gated  (Tables  I,  II,  and  III).  The  color  developed  was  stabje 
for  at  least  one  hour. 

In  the  range  of  0.1  to  0.4  ml.  of  brucine  reagent  no  effect  was 
noted  on  the  nitrate  determination.  Concordant  results  were 
obtained  with  the  brucine  reagent  obtained  from  two  different 
manufacturers. 

The  effect  of  possible  interfering  ions  is  shown  by  Tables  IV 
and  V.  With  the  exception  of  the  organic  matter,  no  inter¬ 
ference  was  caused  by  the  ions  investigated. 

Tannin  and  color  concentrations  as  high  as  100  p.p.m.  and  800 
units,  respectively,  are  rarely  encountered  in  boiler  water  under 
normal  conditions.  Unsuccessful  attempts  were  made  to  oxidize 
this  color  by  potassium  permanganate  and  other  oxidizing  agents. 
Where  such  high  color  concentrations  are  encountered  in  a 
boiler  water,  it  is  necessary  to  dilute  the  sample  prior  to  employ¬ 
ing  this  method  of  nitrate  determination. 

No  interference  or  effect  on  the  nitrate  test  was  found  on  in¬ 
vestigating  ferrous  and  ferric  ion  concentrations  as  high  as  20 
p.p.m.  as  Fe,  methyl  orange  alkalinity  as  high  as  2000  p.p.m.  as 
NaOH,  ammonium  ion  as  high  as  50  p.p.m.  as  N,  calcium  and 
magnesium  each  as  high  as  250  p.p.m.  as  CaCCh,  and  sodium 
silicate  as  high  as  200  p.p.m.  as  SiOs. 

In  order  to  show  the  effectiveness  of  the  method  on  actual 
boiler  water,  boilex  water  of  known  nitrate  content  was  prepared 
from  samples  obtained  in  different  sections  of  the  country.  In 
all  cases,  blanks  were  run  to  determine  the  original  nitrate  pres¬ 
ent,  using  the  procedure  described  in  this  paper.  In  each  case, 
10.0  p.p.m.  of  nitrate  as  NO*  were  then  added  to  the  boiler  water, 
and  the  samples  were  well  mixed  and  permitted  to  stand  over¬ 
night.  The  total  nitrate  was  determined  the  following  day. 
Table  VI  shows  that  the  values  obtained  are  within  ±0.5  p.p.m. 
of  the  known  value. 

The  concordancy  of  different  operators  using  the  described 
method  was  studied  by  supplying  standard  solutions  of  known 
nitrate  value  to  each  operator  as  samples,  without  the  operator 
knowing  the  value  of  the  sample.  The  results  shown  in  Table  VII 
indicate  very  little  variation  among  different  operators. 

CONCLUSIONS 

The  procedure  developed  for  the  determination  of  the  nitrate 
ion  in  boiler  water  is  unaffected  by  the  ions  normally  present  in 
boiler  water  with  the  exception  of  high  color  concentrations. 
The  effect  of  high  color  can  be  overcome  by  dilution.  The 
method  is  rapid  and  well  adapted  to  plant  control.  In  the  range 


Table  V.  Effect  of  Organic  Matter 


Quebracho 

Apparent  Color 

Nitrate  as 

NO. 

Tannin 

at  pH  10.5 

Present 

Found 

P.p.m. 

Units 

P.p.m. 

P.p.m. 

50 

400 

0.0 

0.0 

50 

400 

5.0 

4.3 

50 

400 

40.0 

40.3 

100 

800 

5.0 

5.0 

100 

800 

40.0 

40.1 

150 

900 

5.0 

4.0 

150 

900 

40.0 

30.0 

Table  VII.  Variation  between  Operators 

Nitrate  as  NO. 


Operator 

Present 

Found 

P.p.m. 

P.p.m. 

A 

10.0 

10.4 

B 

15.0 

15.1 

c 

20.0 

19.4 

D 

35.0 

35.1 

E 

30.5 

37.0 

Table  VI.  Tests  on  Boiler  Water 


Total  Ni¬ 


trate  as  NOa 


Nitrate 

after  Adding 

Nitrate 

as  NO. 

10  P.P.M. 

as  NO. 

Plant 

Present 

NO. 

Found 

P.p.m. 

P.p.m. 

P.p.m. 

A 

8.0 

18.0 

18.0 

B 

22.7 

32.7 

32.7 

C 

15.8 

25.8 

26.0 

D 

36.5 

46.5 

47.0 

E 

11.5 

21.5 

21.8 

P 

Hardness  Alkalinity 

M 

Alkalinity 

pH 

Phos¬ 

phate 

as  CaCO. 

as  CaCO. 

as  CaCO. 

as  POi 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

0 

220 

492 

11.1 

175 

66 

84 

420 

10.3 

75 

0 

208 

584 

10.3 

125 

24 

0 

328 

7.7 

15 

0 

204 

364 

10.5 

35 

Chloride 

Sulfate 

Appar¬ 

ent 

Specifio 

Conduct¬ 

Silica 

as  Cl 

as  SO« 

Color 

ance 

as  SiO. 

P.p.m. 

P.p.m. 

Units 

Micromhos 

P.p.m. 

116 

544 

325 

2250 

90 

172 

496 

250 

2000 

90 

72 

320 

500 

1800 

125 

292 

512 

25 

2250 

90 

300 

•608 

80 

2500 

70 
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of  nitrate  concentrations  from  0  to  50  p.p.m.  as  N03,  an  accuracy 
of  approximately  0.5  p.p.m.  can  be  obtained. 
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Determination  of  Active  Hydrogen 

Using  the  Grignard  Reagent  in  Pyridine 

ROBERT  A.  LEHMAN  and  HELEN  BASCH 
New  York  University  College  of  Medicine,  New  York  16,  N.  Y. 


A  method  is  described  for  determining  active  hydrogen  by  means  of 
the  reaction  of  the  unknown  substance  with  a  suspension  in  pyridine 
of  the  Grignard-pyridine  complex.  The  apparatus  and  procedure 
are  derived  from  those  of  Fuchs,  Ishler,  and  Sandhoff  (2)  with  sub¬ 
stantial  modifications.  The  results  are  satisfactory  and  the  use  of 
pyridine  makes  the  technique  available  for  the  analysis  of  an  exten¬ 
sive  series  of  organic  compounds. 

THE  application  of  the  Grignard  reagent  to  the  gasometric 
determination  of  active  hydrogen  was  first  described  by 
Zerewitinoff  {10),  who  showed  as  early  as  1907,  in  connection 
with  the  necessary  determination  of  the  blank,  that  when  care¬ 
fully  dried  pyridine  is  used  in  the  procedure,  it  forms  a  precipitate 
with  methyl  magnesium  iodide  in  amyl  ether.  This  precipitate 
has  the  probable  formula  (CsHsNh.CHjMgl.fCsHiihO.  A  con¬ 
siderable  quantity  of  gas  is  evolved  at  the  same  time,  and  addi¬ 
tional  gas  is  liberated  on  standing  or  heating.  By  operating 
rapidly  and  at  room  temperature  Zerewitinoff  was  nevertheless 
able  to  report  satisfactory  results  with  this  solvent.  Oddo  (-5) 
obtained  similar  data  using  ethyl  magnesium  iodide  in  pyridine. 
Tanberg  ( 8 ),  on  the  other  hand,  using  various  specimens  of 
pyridine,  concluded  that  it  was  not  a  satisfactory  solvent  for  this 
purpose.’  Flaschentrager  (1)  developed  a  micromethod  using  a 
mixture  of  amyl  ether  and  pyridine.  His  results  were  reasonably 
accurate  but  the  gas  evolved  from  the  blank  in  some  cases 
amounted  to  50%  of  that  from  the  sample.  Recently  a  con¬ 
venient  method  and  apparatus  for  the  microdetermination  of 
active  hydrogen  has  been  described  by  Soltys  (7).  In  this  pro¬ 
cedure,  however,  as  in  that  of  Flaschentrager,  the  first  rush  of  gas 
evolved  when  the  Grignard  reagent  is  mixed  with  pyridine  is  in¬ 
herently  included  in  the  blank,  thus  making  the  blank  high  and 
not  altogether  reproducible. 

The  method  of  Fuchs,  Ishler,  and  Sandhoff  {2) 
for  the  determination  of  active  hydrogen  was  tested 
and  found  to  be  simple  and  rapid  but  useful  only 
for  the  limited  group  of  organic  compounds  which 
are  soluble  in  butyl  ether.  In  attempting  to  sub¬ 
stitute  pyridine  as  a  solvent  of  wider  range  of  ap¬ 
plicability,  the  authors  obtained  low  results  which 
approached  nearer  and  nearer  to  the  theory  as  more 
samples  were  run  in  the  same  charge  of  reagent. 

This  error  appeared  to  be  due  to  the  solubility  of 
methane  in  pyridine  and  was  eliminated  when 
purified  methane  was  used  as  the  inert  atmosphere. 

The  apparatus  of  Fuchs  and  co-workers  ( 2 ),  which, 
for  convenience,  is  shown  in  Figure  1,  was  modified 
in  several  respects. 

The  gas  buret  and  reaction  chamber  were  water- 
jacketed.  Pressure  tubing  connections  were 


inserted  at  B,  D,  and  F,  so  that  it  was  possible  to  shake  the 
reaction  chamber  during  the  reaction  and  the  equilibration  of  the 
gases.  Since  it  was  usually  necessary  to  raise  the  temperature 
and  this  led  to  condensation  of  the  solvent  in  the  iron  reagent 
cups,  the  cups  were  provided  with  loosely  fitted  brass  caps  about 
4  mm.  deep,  which  prevented  the  condensate  from  washing  the 
sample  into  the  chamber  during  determination  of  the  blank.  A 
.  small  thermometer  was  hung  on  the  gas  inlet  tube.  At  the  end 
of  the  gas-drying  train  a  reservoir  for  pyridine  was  added.  This 
was  filled  with  about  30  cc.  of  pyridine  and  connected  to  the  gas 
inlet  stopcock.  Thus,  the  gas  was  saturated  with  pyridine  vapor 
at  all  times  and  liquid  pyridine  could  be  forced  into  the  reaction 
chamber  by  tilting  the  reservoir.  Diethylphthalate  was  found  to 
be  a  suitable  manometer  liquid. 

MATERIALS 

Methane  gas,  92%  pure,  was  obtained  from  the  Matheson 
Company,  East  Rutherford,  N.  J.,  and  purified  further  by  the 
washing  train  of  Kohler,  Stone,  and  Fuson  ( 3 ).  Approximately 
0.6  N  methyl  magnesium  iodide  solution  was  prepared  as  de¬ 
scribed  by  the  same  authors,  using  diethyl  instead  of  dnsoamyl 
ether.  Reagent  grade  pyridine  was  refluxed  several  hours  over 
potassium  hydroxide  pellets  and  redistilled. 

PROCEDURE 

Samples  were  dried  in  the  oven  at  110°  C.  when  possible,  or 
otherwise  in  a  desiccator  over  phosphorus  pentoxide.  Ten  cubic 
centimeters  of  Grignard  reagent  were  transferred  to  the  reaction 
chamber  with  a  pipet.  The  sample  was  then  quickly  weighed 
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into  the  metal  cup,  capped,  and  hung  on  the  glass  hook  on  the 
gas  inlet  tube.  The  reaction  chamber  was  carefully  inserted  into 
the  system  using  Van  Slyke  stopcock  grease  to  seal  the  ground- 
glass  joint.  Stopcocks  A  and  C  were  closed  and  the  three-way 
stopcock,  E,  was  turned  to  position  ac.  A  water  aspirator  was 
attached  at  C  and  the  ether  gently  boiled  off.  When  the  boiling 
slowed,  the  jacket  around  the  reaction  chamber  was  filled  with 
water  at  about  90°  C.  and  the  evaporation  continued  until  the 
evolution  of  gas  in  the  fused  methyl  magnesium  iodide  subsided. 
In  this  way  as  much  of  the  solvent  ether  as  possible  was  removed 
from  the  Grignard  reagent. 

The  water  pump  was  disconnected,  stopcock  E  was  turned  to 
ab,  C  was  opened,  and  the  reaction  chamber  flushed  several  times 
with  methane  by  alternately  raising  and  lowering  the  mercury 
bulb  and  manipulating  stopcock  G.  Stopcock  E  was  then  turned 
to  ac  and  the  pyridine  reservoir  was  tilted  to  allow  about  20  cc. 
of  pyridine  to  run  into  the  reaction  chamber.  The  Grignard- 
pyridine  complex  precipitated  out  and  a  considerable  volume  of 
gas  was  immediately  evolved  which  was  allowed  to  escape  through 
c.  The  three-way  stopcock  was  then  turned  to  ab,  C  was  closed, 
and  G  turned  to  df.  The  reaction  vessel  was  put  under  reduced 
pressure  by  lowering  the  mercury  in  the  gas  buret  and  the  tem¬ 
perature  of  the  water  in  the  jacket  of  the  reaction  chamber  was 
maintained  at  90°  C.  for  45  minutes.  The  evolved  gas  was  dis¬ 
carded  from  time  to  time  through  e.  Stopcock  G  was  now  closed, 
C  opened,  and  methane  allowed  to  bubble  through  the  reaction 
chamber  until  the  vacuum  was  relieved.  Stopcock  E  was  then 
turned  to  ac  and  methane  was  passed  through  for  45  minutes  to 
saturate  the  system  completely.  During  this  time  the  water 
jackets  were  adjusted  to  about  20°  C.  Now  with  E  at  ab  the  gas 
buret  was  washed  out  twice  with  methane  and  left  about  half  full 
of  gas.  Stopcock  C  was  then  closed.  Stopcock  A  was  opened 
with  care  and  after  allowing  a  short  time  for  equilibration,  the 
manometer  was  adjusted  to  zero  by  means  of  the  mercury  bulb. 
The  excess  gas  was  discarded  through  e.  The  blank  was  deter¬ 
mined  by  closing  A,  turning  G  to  df,  and  filling  the  jacket  of  the 
reaction  chamber  with  water  at  90°  C.  The  expansion  took 
place  into  the  gas  buret  against  the  pressure  of  the  mercury. 

After  30  minutes,  the  hot  water  was  replaced  by  cold  water,  the 
reaction  chamber  shaken  to  facilitate  cooling,  and  stopcock  A 
opened.  Water  adjusted  to  the  same  temperature  as  that  in  the 
buret  jacket  was  placed  in  the  reaction  chamber  jacket  and  the 
whole  system  allowed  to  equilibrate.  The  gas  volume  was  re¬ 
corded  and  the  gas  discarded  through  e.  Stopcock  G  was  then 
turned  to  df,  A  was  closed,  the  jacket  temporarily  removed,  and 
the  sample  cup  pulled  down  from  its  hook  with  the  electromagnet, 
and  turned  over,  and  the  cup  and  contents  were  allowed  to  dis¬ 
perse  freely  into  the  pyridine.  Finally  the  cup  was  used  to  stir 
the  entire  reaction  mixture  by  means  of  the  magnet.  Since  the 
reaction  is  usually  incomplete  at  room  temperature,  the  jacket 
was  again  filled  with  water  at  90°  C.  and  the  mercury  bulb  lowered 
whenever  the  difference  in  mercury  levels  exceeded  3  to  4  cm. 
The  reaction  was  allowed  to  continue  for  30  minutes  with  heating; 
then  the  reaction  chamber  was  cooled  rapidly  and  allowed  to 
equilibrate  in  the  same  way  as  in  the  blank.  The  gas  volume, 
temperature,  and  barometric  pressure  were  recorded  and  the  gas 
was  discarded.  A  second  blank  was  determined  as  before. 

For  convenience  the  volume  of  gas  produced  by  the  sample 
should  be  30  to  45  cc.  and  the  average  of  the  two  blanks  is  sub¬ 
tracted  from  this  volume.  In  the  analyses  here  reported,  the 
mean  blank  was  1.9  cc.  and  constituted  on  the  average  5.7%  of 
the  gas  evolved  by  the  sample.  The  volume  is  further  corrected 
to  760  mm.  of  mercury,  using  Table  I  for  the  vapor  pressure  of 
pyridine.  It  is  then  reduced  to  grams  of  methane  by  the  appro¬ 
priate  factor  given  by  Fuchs  (2)  for  the  temperature  at  which  the 
gas  was  measured.  These  values  are  also  given  in  Table  I. 
Thus,  phloroglucinol  gave  the  following  values: 


Weight  of  sample 
Temperature 
Barometric  pressure 
Volume  of  first  blank 
Volume  from  sample 
Volume  of  second  blank 


0.2145  gram 
20.0°  C. 

765  mm.  of  mercury 
3 . 95  cc. 

44 . 90  cc. 

3 . 35  cc. 


Then  44.90 


(3.95  +  3.35) 

2 

41.25  cc.  of  gas  corrected  for  blank 


(41.25)  (0.000667)  (765  -  15)  (17/16)  (100) 
(0.2145)  (760) 


13.45%  hydroxyl 


Since  the  theory  for  this  substance  is  13.48  for  one  hydroxyl 
group  in  the  molecule,  the  number  of  active  hydrogen  atoms  is 
1.00. 


Table  I.  Constants  for  Calculation  of  Results 


Temperature 

Vapor  Pressure 
of  Pyridine  ( 9 ) 

• 

Density  of 
Methane  ( 2 ) 

°  c. 

Mm.  of  mercury 

G./cc.  X  10- 

20 

15.5 

0  667 

21 

15.9 

0  665 

22 

16.8 

0.662 

23 

18.3 

0  660 

24 

19.3 

0.658 

25 

20.5 

0  656 

26 

21.6 

0.654 

27 

22.8 

0.652 

28 

24.3 

0.649 

29 

25.5 

0.647 

30 

26  9 

0.645 

31 

28,4 

0 . 643 

32 

30.0 

0.640 

Table  II.  Results  of  Analysis  of  Various  Compounds 


Number  of 

Active  Hydrogen 

Theoretica 

Substance 

Atoms 

Number 

Picric  acid 

1.00 

1 

Hydroquinone 

2.01 

2 

Resorcinol 

0.96 

2 

Phloroglucinol 

1.00 

3 

Pyrogallol 

2.80 

3 

Phenolphthalein 

2.07 

2 

Aurin 

1.97 

2 

3,3',3/'-Trimethoxy-4,4'.4/'-tri- 

3.03 

3 

hydroxytriphen>  1  methane 

2.95 

2 

S.S'^-Trimethoxy^^'-di- 

2  03 

hydroxyfuchsone 

2.09 

Phthalimide 

2.06 

0  99 

1 

0.99 

0.97 

0.97 

DISCUSSION 

When  the  determination  was  carried  out  in  butyl  ether  Fuchs 
and  co-workers  (2)  failed  to  get  satisfactory  results  with  a  number 
of  polycarboxylic  acids  and  polyhydric  phenols.  This  was 
attributed  to  the  insolubility  of  the  samples.  It  seems  probable 
that  the  reaction  product  is  also  insoluble  in  butyl  ether  and  the 
reaction  may  then  take  place  only  on  the  surface  of  the  solid 
phase.  In  the  method  here  described,  both  sample  and  reaction 
product  are  soluble  and  the  insoluble  pvridine-Grignard  rea  ent 
complex  breaks  down  progressively  until  the  reaction  is  complete. 
From  Table  II  it  will  be  noted  that  picric  acid  and  hvdroquinone 
gave  theoretical  results,  whereas  in  Fuchs’  procedure  no  reaction 
took  place.  His  conclusion  that,  in  the  case  of  picric  acid,  the 
failure  was  not  due  to  steric  hindrance  thus  appears  justified. 
The  observation  that  resorcinol  in  butyl  ether  behaves  as  a  mono- 
ketomonoenol  is  confirmed  for  pyridine.  The  symmetrical  tri- 
hydroxybenzene  acts,  in  like  manner,  as  a  diketomonoenol,  while 
the  vicinal  tri  hydroxy  benzene  reacts  in  the  expected  way.  Re¬ 
sults  with  phenolphthalein  indicated  the  theoretical  number  of 
active  hydrogen  atoms  for  the  structure  as  conventionally  writ¬ 
ten.  This  is  in  agreement  with  the  work  of  Lin  (4)  and  contrary 
to  that  of  Oddo  and  Vassallo  (6)  who  used  ethyl  magnesium 
halide.  Three  other  tri  phenyl  methane  derivatives  and  phthal- 
imide  all  gave  results  in  agreement  with  the  accepted  structures. 
The  only  limitation  to  the  method  which  has  been  noted  so  far  is 
that  the  sample  must  not  sublime  nor  distill  at  90°  C.  with  the 
pressure  partially  reduced. 
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Colored  TNT  Derivative  and  Alpha-TNT  in  Colored 
Aqueous  Alpha-TNT  Solutions 

Spectrophotometric  Procedure  for  Ouantitative  Estimation 

C.  C.  RUCHHOFT  and  WM.  G.  MECKLER 
U.  S.  Public  Health  Service,  Water  and  Sanitation  Investigations  Station,  Cincinnati,  Ohio 


A  simple  analytical  procedure  has  been  developed  for  the  determi¬ 
nation  of  TNT  in  uncolored  aqueous  solutions,  which  is  applicable 
to  polluted  water  and  sewage  samples.  A  spectrophotometric  pro¬ 
cedure  for  quantitative  estimation  of  colored  (combined)  TNT 
fraction  and  the  a-TNT  fraction  (uncombined)  in  colored  TNT 
wastes  from  shell-loading  plants  requires  determination  of  extinction 
values  of  dilutions  of  the  colored  waste  as  received  at  460  and  505 
m#x,  and  similar  determinations  at  505  m/z  on  dilutions  after  sulfite 
and  hydroxide  treatment  of  the  samples. 

IN  UNDERTAKING  a  study  of  the  reactions  and  possible 
treatment  procedures  for  a-trinitrotoluene  wastes  at  shell-, 
bomb-,  and  mine-loading  plants  a  method  for  determining  the 
concentration  of  a-TNT  or  TNT  derivatives  in  such  waste  was 
needed.  The  first  part  of  the  study  of  TNT  wastes  was,  there¬ 
fore,  devoted  to  the  development  of  such  a  method.  (Wherever 
TNT  is  mentioned  in  this  paper,  a-TNT  is  meant.) 

At  one  plant  the  chemists  estimated  the  concentration  of  TNT 
in  the  drainage  ditches  on  the  basis  of  the  color  of  the  water.  It 
was  stated  that  the  concentrations  of  TNT  in  the  highly  colored 
water  was  surprisingly  low  and  that  pollution  by  TNT  could  be 
tasted  in  concentrations  as  low  as  1  p.p.m. 

Taylor  and  Rinkenbach  (IS),  in  a  study  of  TNT  solubilities 
in  water,  made  gravimetric  determinations  after  evaporation  of 
the  solvent  in  a  current  of  air  at  60°  C.  Such  a  procedure  is 
time-consuming  and  hardly  applicable  to  the  study  contemplated. 
Pinto  and  Fahy  (10)  have  recently  reported  a  colorimetric  pro¬ 
cedure  depending  upon  reduction  of  the  TNT  to  the  triamino 
compound  followed  by  diazotization  and  coupling.  This  pro¬ 
cedure  could  not  be  easily  applied  to  very  dilute  aqueous  solu¬ 
tions.  Copisarow  (4)  reported  that  alkalies  and  alkali  com¬ 
pounds  produced  red  colorations  in  TNT  and  that  these  were 
addition,  substitution,  and  condensation  compounds.  Giua  and 
Reggiani  (7)  stated  that  sodium  ethylate  formed  addition 
products — i.e.,  the  mono-,  di-,  and  trialcoholate  with  TNT. 
Davis  (5)  mentions  both  the  colored  explosive  compounds  formed 
with  potassium  methylate  (corresponding  to  the  addition  prod¬ 
ucts  of  Giua  and  Reggiani,  7)  and  also  the  inflammable  and 
explosive  products  of  the  reaction  of  caustic  potash  with  TNT, 
but  does  not  mention  the  color  of  the  latter  compounds.  Davis 
and  Richmond  (6)  studied  the  thermotropic  color  intensification 
of  nitrophenol  solutions  when  treated  with  sodium  carbonate  and 
concluded  that  the  colored  addition  compounds  were  sodium 
nitrophenolates.  This  reaction  is  represented  by  Davis  as 
follows : 

OH  HOOH 


r  i 

NaOH 

j  J 

! 

Addition 

[1  I 
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A  number  of  other  workers  have  studied  the  formation  of 
colored  compounds  by  the  reaction  of  nitro  compounds  in  ke¬ 
tones  or  alcohols  with  alkalies.  Bost  and  Nicholson  (2)  present 
a  qualitative  test  for  the  identification  of  mono-,  di-,  and  tri- 
nitro  compounds,  depending  upon  the  color  obtained  when  an 
acetone  solution  of  the  compound  is  treated  with  sodium  hy¬ 
droxide.  Ouantitative  colorimetric  procedures  for  nitro  com¬ 
pounds  developed  by  Kay  (8),  Baernstein  (1),  and  Moss  with 
Mellon  (9)  all  depend  upon  similar  reactions.  The  red  stream 
water  at  shell-loading  plants  and  the  work  of  Davis  (6)  suggested 
that  a  simple  procedure  without  the  introduction  of  any  additional 
organic  reagent  should  be  possible  for  aqueous  TNT  solutions. 


Observation  of  wastes  at  shell-loading  plants,  and  also  experi¬ 
ments  in  the  laboratory,  have  shown  that  uncolored  aqueous 
solutions  of  TNT  in  natural  waters  slowly  become  colored. 
Experiments  in  the  authors’  laboratory  (discussed  below)  suggest 
that  this  is  the  result  of  a  reaction  between  TNT  and  the  con¬ 
stituents  of  the  wastes  or  soil  with  which  the  TNT  comes  in 
contact  to  form  a  colored  TNT  complex.  The  reaction  is 
hastened  by  direct  sunlight  but  cannot  be  induced  by  sunlight 
in  distilled  water  containing  TNT.  Distilled  water  solutions  of 
TNT  will  become  only  slightly  colored  when  exposed  to  the  sun 
even  for  long  periods  of  time,  compared  to  the  potential  possible 
color.  As  the  reaction  with  the  production  of  the  colored  TNT 
complex  takes  place  naturally  in  the  ditches  carrying  the  plant 
TNT  wastes,  a  method  of  estimating  both  fractions  of  TNT  in 
such  wastes  is  desirable. 

EXPERIMENTAL 

To  study  various  procedures  for  color  formation,  solutions  of 
TNT  were  prepared  by  placing  1  or  2  grams  of  flake  TNT,  of 
the  same  quality  as  used  at  the  shell-loading  plants,  in  an  Erlen- 
meyer  flask  containing  several  liters  of  distilled  water.  The 
water  was  heated  to  boiling  with  stirring  to  bring  the  molten 
TNT  into  solution,  and  the  solution  was  cooled.  To  assure  a 
solution  free  from  supersaturation,  the  solution  was  allowed  to 
stand  several  hours  at  room  temperature  and  was  then  filtered 
through  paper.  The  solutions  so  prepared  were  clear  and  color¬ 
less,  and  did  not  resemble  in  appearance  the  red  waste  liquid  at 
the’  plant  drainage  ditches.  These  solutions  remained  un¬ 
colored  indefinitely  in  the  laboratory  in  the  absence  of  direct 
sunlight.  Aliquots  of  solutions  prepared  in  this  manner  were 
used  in  the  experiments  described. 

The  intensity  of  the  color  produced  in  aqueous  TNT  solutions 
was  determined  in  a  Bausch  &  Lomb  visual  spectrophotometer. 
The  standard  Bausch  &  Lomb  absorption  tubes,  about  10  cm. 
(4  inches)  in  length,  as  supplied  with  the  instrument,  were  used 
and  the  sample  in  one  tube  was  compared  to  a  distilled  water 
blank  in  the  other.  All  extinction  readings  were  made  by  two 
observers,  and  the  values  recorded  in  the  following  tables  are  the 
means  of  such  duplicate  readings.  As  preliminary  tests  showed 
that  maximum  absorption  occurred  between  460  and  505  milh- 


Figure  1.  Extinction  Curve  for  Aqueous  TNT  Solution  Treated 
with  Sulfite  and  Hydroxide  and  Diluted 
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microns,  readings  were  made  at  460,  475,  490,  and  505  milli¬ 
microns.  .  . 

In  the  first  experiment,  various  inorganic  salts  were  added  to 
50-ml.  aliquots  of  a  solution  containing  about  70  mg.  of  TNT 
per  liter  and  observations  for  color  development  were  made  after 
various  treatments.  Where  colors  developed  with  apparent 
maximum  intensity  for  the  treatment  after  about  10  or  15 
minutes,  the  colored  solutions  were  diluted  with  distilled  water 
and  extinction  values  were  determined. 

The  results  obtained  indicated  that  only  a  few  of  the  reagents 
tried  were  satisfactory  for  rapid  maximum  color  production  and 
that  the  reaction  must  be  controlled  to  hold  the  color  at  a  maxi¬ 
mum  until  the  reading  can  be  made.  The  color  intensity  ob¬ 
tained  with  sodium  sulfite  and  hydroxide  together  was  the  most 
satisfactory.  This  mixture  produced  a  stronger  color  than  the 
sulfite  alone,  and  a  different  color  than  with  hydroxide  alone 
(maximum  absorption  at  505  m/z,  shown  in  Figure  1,  as  contrast¬ 
ing  with  maximum  absorption  at  460  npi  with  hydroxide  alone), 
and  one  more  independent  of  sulfite  concentration,  temperature, 
and  reaction  time. 

It  was  also  noticed  that  there  was  an  apparent  fading  of  colors 


as  a  result  of  dilution  of  the  colored  TNT  solution  with  distilled 
water  to  make  a  reading.  Consequently  aliquots  of  an  aqueous 
TNT  solution,  colored  by  treatment  with  sulfite  and  hydroxide, 
were  diluted  in  seven  different  dilution  waters  (Table  I).  On 
the  basis  of  constant  color  characteristics  for  at  least  40  minutes, 
and  because  it  was  less  complex  than  others  tried,  the  0.01  N 
sulfite  and  0.005  N  hydroxide  solution  (No.  7)  was  selected  as  the 
best  dilution  water. 

Variations  of  the  sulfite-hydroxide  treatment  were  tried  in 
another  series  of  experiments.  These  data  (Table  II)  show  that 
procedure  3,  involving  treatment  with  sulfite  followed  by  hy¬ 
droxide,  was  preferable  to  the  others  tried.  Faster  reaction  and 
a  maximum  intensity  at  505  m/z  were  obtained. 

Procedure  3  of  Table  II  was  studied  on  known  concentrations 
of  «-TNT  in  Cincinnati  tap  water  and  in  domestic  sewage. 
These  experiments  indicated  that  because  of  precipitation  due 
to  the  water-softening  effect  of  the  sulfite-hydroxide  treatment, 
natural  water  and  sewage  samples  containing  a-TNT  must  be 
filtered  after  treatment  for  color  production.  Maximum  color 
production  was  not  obtained  in  undiluted  samples.  Check 


Table  I.  Effect  of  Dilution  Waters  on  TNT  Sulfite-Hydroxide  Color 

(Aliquot  portions  of  colored  TNT  solution  diluted  1  to  50  in  water  described) 

Mean  Extinction  Coefficients  for  Indicated  Wave  Length  after  Indicated  Time 


Dilution  . 

Water  Composition  of  Dilution 

Experiment  Water  Used 

460 

After  10  Minutes 
475  490 

505 

i 

Distilled  water 

0.61 

0.62 

0.64 

0.61 

2 

Mineralized  (.11)  dilution  water 

0.70 

0.70 

0.69 

0.68 

3 

0.01  AT  NazSOs 

0.56 

0.59 

0.63 

0.64 

4 

0.01  N  NaOH 

0.61 

0.66 

0.66 

0.63 

5 

pH  9.6  borate  buffer  (S) 

0.55 

0.58 

0  60 

0.59 

6 

Mineralized  water  +  0.01  N 
NaaSOs 

0.69 

0.73 

0.73 

0.71 

7 

0.01  N  NazSOs,  0.005  AT  NaOH 

0.67 

0.66 

0.62 

0.61 

460 

After  40  Minutes 
475  490 

505 

460 

After 

475 

6  Hours 
490 

505 

0.48 

0.50 

0,50 

0.47 

0.43 

0.45 

0.46 

0.44 

0.57 

0.63 

0.62 

0.58 

0.62 

0.63 

0.59 

0 . 57 

0.51 

0.53 

0.54 

0.50 

0.44 

0.42 

0.42 

0.41 

0.69 

0.73 

0.70 

0.66 

0.85 

0.77 

0.73 

0.66 

0.45 

0.47 

0.41 

0.43 

0  44 

0  40 

0.41 

0.38 

0.75 

0.78 

0.77 

0.73 

0.78 

0.75 

0.72 

0.70 

0.64 

0.64 

0.64 

0.59 

0.66 

0.61 

0.60 

0.58 

Table  II.  Comparative  Experiments  with  TNT  Colored  Solutions  Formed  by  Treatment  with  Various  Combinations  of  Sodium  Hydroxide, 

Carbonate,  and  Sulfite 

Extinction  Coefficient  Readings  (Means  of  2  Observers) 


Treatment 

Procedure 

No. 

1 


Description  of  Treatment 

Procedure  (to  50- Ml.  Aliquots 
of  TNT  Solution) 

1  pellet  NaOH  plus  1  gram 
NajSOs  added  together, 
stirred  until  solution  com¬ 
plete 

1  pellet  NaOH  ;  after  solution 
complete,  1  gram  Na2S03, 
stirred  as  in  1 


3  1  gram  NajSOs;  after  solution 

complete,  1  pellet  NaOH 
stirred  as  in  1 


4  1  pellet  NaOH  stirred  as  in  1 


5  1  gram  NasSOs  stirred  as  in  1 


6  1  gram  NazCOs  plus  1  gram 

NasSOs  added  together, 
stirred  as  in  1 


7  1  gram  NasSOs;  after  solution 

complete  1  gram  NazCOs 
stirred  as  in  1 

°  All  dilutions  were  made  up  in  a  water  of  0.01 
6  Two-hour  reading. 


Dilutions  Made  Up  5  Minutes  after  Color 
Formation  Treatment  Completed. 
Readings  on  1/50  Dilution  after 
Indicated  Time® 

Within  10 


Wave 

minutes 

1  hour 

24  hours 

Lengths 

after 

after 

after 

Used 

dilution 

dilution 

dilution 

460 

0.67 

0.80 

0.42 

475 

0.75 

0.85 

0.37 

490 

0.81 

0.92 

0.32 

505 

0.90 

0.94 

0.26 

460 

0.75 

0.86 

0.54 

475 

0.74 

0.90 

0.48 

490 

0.72 

0.89 

0.42 

505 

0.71 

0.86 

0.36 

460 

0.87 

0.80 

0.49 

475 

1.01 

0.81 

0.42 

490 

1.04 

0.88 

0.37 

505 

1.08 

0.94 

0.32 

460 

0.88 

0.84 

0.65 

475 

0.82 

0.78 

0.62 

490 

0.66 

0.68 

0.52 

505 

0.55 

0.56 

0.44 

460 

0.35 

0.98 

0.61 

475 

0.44 

1.00 

0.55 

490 

0.49 

1.04 

0.48 

505 

0.55 

1.07 

0.40 

460 

0.72 

0.806 

.  . 

475 

0.78 

0.84»> 

490 

0.86 

0.896 

505 

0.90 

0.946 

460 

0.60 

0.766 

,  . 

475 

0.64 

0.806 

.  . 

490 

0.68 

0.876 

.  . 

505 

0.72 

0.856 

N  NasSOs  and  0.005  N  NaOH. 


Dilutions  Made  Up  2  Hours  after  Color 
Formation  Completed.  Readings  on 
1/50  Dilution  after  Indicated  Time0 


Immediate 

reading 

10  minutes 

20  minutes 

24  hours 

after 

after 

after 

after 

dilution 

dilution 

dilution 

dilution 

0.90 

0.80 

0.80 

0.43 

0.96 

0.88 

0.86 

0.37 

1.04 

0.92 

0.90 

0.31 

1.08 

0.97 

0.93 

0.28 

0.68 

0.74 

0.74 

0.56 

0.72 

0.73 

0.76 

0.49 

0.72 

0.74 

0.75 

0.43 

0.69 

0.73 

0.76 

0.38 

0.88 

0.78 

0.76 

0.48 

0.94 

0.87 

0.83 

0.42 

1.02 

0.93 

0.89 

0.36 

1.06 

0.95 

0.93 

0.32 

0.65 

0.64 

0  60 

0.56 

0.55 

0.53 

0.48 

0.48 

0.42 

0.40 

0.40 

0.35 

0.33 

0.73 

0.79 

0.35 

0.34 

0.83 

0.82 

0.32 

0.34 

0.86 

0.91 

0.27 

0.35 

0.92 

0  98 

0.24 

0.63 

0.726 

0.66 

0.786 

0.73 

0.826 

0.76 

0.866 

0.70 

0.806 

0.76 

.  . 

0.806 

0.80 

0.846 

0,85 

0.906 
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Table  III.  Extinction  Coefficient  Readings  Obtained  with  Standard  TNT  Solutions  after  Sulfite-Hydroxide  Treatment  and  Dilution 


a-TNT 
Concentration 
in  Standard 

At  460  Millimicrons 

At  475  Millimicrons 

At  490  Millimicrons 

At  505  Millimicrons 

Solution11, 

P.P.M. 

Reading 

obtained 

Calcu¬ 

lated6 

Deviation 

Reading 

obtained 

Calcu¬ 

lated6 

Deviation 

Reading 

obtained 

Calcu¬ 

lated6 

Deviation 

Reading 

obtained 

Calcu¬ 

lated6 

Deviation 

4.88 

1.76 

1.771 

-0.011 

1.90 

1.932 

-0.032 

1.98 

2.059 

-0.079 

2.07 

2.135 

-0.065 

4.40 

1.44 

1.591 

-0.151 

1.55 

1.742 

-0. 192 

1.67 

1.857 

-0.187 

1.74 

1.925 

-0.185 

4.04 

1.60 

1.466 

4-0.134 

1.62 

1 . 600 

4-0.020 

1.74 

1.705 

4-0  035 

1.75 

1.768 

-0.018 

3.32 

1.11 

1  205 

-0.095 

1.23 

1.315 

-0.085 

1.33 

1.401 

-0.071 

1.39 

1.453 

-0.063 

2.69 

0.93 

0.976 

-0  046 

1  04 

1.065 

-0.025 

1.11 

1 . 135 

-0.025 

1.18 

1.177 

4-0.003 

2.66 

0.91 

0  965 

-0.055 

1.05 

1 . 053 

-0.003 

1 .11 

1.123 

-0.013 

1.15 

1.164 

-0.014 

2.44 

0.89 

0.886 

4-0.004 

0.99 

0.966 

4-0.024 

1.06 

1  030 

4-0  030 

1.14 

1.068 

4-0.072 

2.21 

0.78 

0.802 

-0.022 

0.82 

0  875 

-0.055 

0.87 

0.933 

-0.063 

0.93 

0.967 

-0  037 

2.02 

0.67 

0  733 

-0  063 

0.78 

0.800 

-0.020 

0.84 

0 . 852 

-0  012 

0.88 

0.884 

-0.004 

1.66 

0.61 

0.602 

4-0.008 

0.65 

0.657 

-0.007 

0.68 

0.700 

-0.020 

0.70 

0.726 

-0.026 

1.35 

0.52 

0.490 

4-0.030 

0.59 

0.535 

4-0  055 

0  62 

0.570 

4-0.050 

0.59 

0.591 

-0.001 

1.32 

0.50 

0.479 

4-0.021 

0  53 

0.523 

4-0.007 

0.57 

0.557 

4-0  013 

0.60 

0.578 

4-0.022 

1.22 

0.48 

0 . 443 

4-0.037 

0.53 

0.483 

4-0.047 

0.57 

0  515 

4-0.055 

0.59 

0.534 

4-0.056 

1.11 

0.46 

0.403 

4-0.057 

0.48 

0.440 

4-0.040 

0.51 

0.468 

4-0.042 

0.51 

0.486 

4-0.024 

0.95 

0.40 

0.345 

4-0.055 

0.41 

0  376 

4-0.034 

0.44 

0.401 

4-0.039 

0.46 

0.416 

4-0.044 

0.81 

0  33 

0.294 

4-0.036 

0  36 

0  321 

4-0.039 

0  375 

0.342 

4-0.033 

0.40 

0.354 

4-0.046 

0.49 

0.24 

0.178 

4-0.062 

0.25 

0.194 

4-0  056 

0.25 

0.207 

4-0.043 

0.26 

0.214 

4-0.046 

a  Solutions  obtained  by  diluting  standard  solutions  containing  24.4,  40.4,  and  66.4  mg.  of  a-TNT  per  liter  of  distilled  water. 

6  Calculated  on  basis  of  mean  results  for  TNT  concentration  from  0.95  to  4.04  p.p.m.  on  assumption  that  Beer  s  law  applies. 


results,  however,  were  obtained  in  natural  waters  and  sewage 
when  the  color  treatment  procedure  was  followed  by  filtration 
and  dilution  in  the  sulfite-hydroxide  dilution  water. 

CORRELATIONS  OF  a-TNT  CONCENTRATIONS  AND  EXTINCTIONS 
AT  SEVERAL  WAVE  LENGTHS 

The  extinction  curve  obtained  between  460  and  700  mp  on 
an  aqueous  TNT  solution  treated  for  color  production  with 
sulfite  and  hydroxide  and  diluted  in  the  sulfite  hydroxide  dilution 
water  is  shown  in  Figure  1.  On  the  basis  of  this  curve,  it  is  evi¬ 
dent  that  extinction  determinations  should  be  made  around  505 
m ii.  This  extinction  curve  differs  considerably  from  the  curve 
for  TNT  wastes  (12)  from  TNT  manufacture  and  from  the  curve 
for  a-TNT  treated  with  caustic  only,  which  has  its  maximum 
at  460  or  below  as  nearly  as  can  be  determined  visually.  The 
extinction  curve  obtained  from  the  water  in  the  shell-loading 
plant  ditches  resembles  that  obtained  in  the  laboratory  from 
caustic  or  carbonate  treatment.  As  the  latter  treatment  gives 
higher  extinctions  at  460  than  at  505,  it  was  decided  to  study 
extinction  values  obtained  by  the  procedure  developed  here  at 
460,  475,  490,  and  505  m^c.  The  trend  of  the  values  obtained  at 
these  four  wave  lengths  should  enable  one  to  determine  whether 
a  sulfite-hydroxide  TNT  color  or  a  caustic  TNT  color  is  being 
dealt  with. 

Three  standard  solutions  were  prepared,  containing  24.4, 
40.4,  and  66.4  mg.  of  TNT  per  liter.  The  TNT  recrystallized 
from  alcohol  was  introduced  into  liter  quantities  of  distilled  water 
in  Pyrex  bottles  and  the  bottles  were  warmed  on  a  water  bath 
until  complete  solution  was  obtained.  After  the  standard  solu¬ 
tions  had  cooled  to  room  temperature,  50-ml.  aliquots  of  each 
standard  were  treated  by  the  sulfite-hydroxide  procedure  and 
then  diluted  with  the  0.01  N  sulfite-0. 005  N  hydroxide  dilution 
water.  By  this  procedure,  17  colored  solutions  were  prepared 
containing  from  0.49  to  4.88  mg.  of  TNT  in  the  diluted  sample. 
These  colored  solutions  were  prepared  and  examined,  one  at  a 
time,  to  obtain  maximum  color  intensities,  but  it  is  realized  now 
that  the  exact  time  requirements  to  obtain  the  maximum  color 
may  not  always  have  been  met.  The  extinction  readings  were 
made  at  the  four  wave  lengths  previously  selected  and  the  results 
are  given  in  Table  III. 

Inspection  of  these  data  indicates  close  agreement  with  Beer’s 
law,  excessive  deviations  being  shown  only  at  a  TNT  concen¬ 
tration  of  4.4  p.p.m. 

ANALYTICAL  PROCEDURE  FOR  UNCOLORED  a-TNT  SOLUTIONS 

The  rate  of  color  formation  by  the  procedure  developed  was 
studied  on  a  solution  containing  about  10  p.p.m.  of  TNT.  One 
gram  of  sulfite  was  added  to  the  solution  and  the  extinction  value 
rose  from  0.07  for  the  untreated  solution  to  1.18  after  one  minute 


when  all  the  sulfite  was  in  solution.  Thereafter  there  was  no 
change  in  the  extinction.  The  same  quantity  of  sulfite  in  a 
water  blank  gives  an  extinction  of  0.08.  All  the  color  produced 
by  the  sulfite  treatment  is  apparently  formed  within  the  time 
required  to  dissolve  the  sulfite,  and  apparently  it  makes  little 
difference  whether  the  hydroxide  is  added  immediately  after 
the  sulfite  is  dissolved  or  10  minutes  later.  In  either  case  the 
extinction  increases  to  between  1.25  and  1.45  in  the  time  required 
to  add  the  hydroxide,  mix,  and  transfer  the  solution  to  the 
instrument.  Thereafter  the  extinction  value  slowly  rises  for 
10  to  15  minutes  and  in  this  case  reached  a  maximum  of  2.30 
after  13  minutes.  When  the  alkalinized  solution  is  further 
diluted  with  the  sulfite-hydroxide  dilution  water,  a  further  total 
increase  in  extinction  values  is  obtained. 

If  the  TNT  sulfite-caustic  solution  is  diluted  within  the  first 
6  or  7  minutes  before  the  maximum  color  intensity  has  been 
reached,  the  dilution  continues  to  increase  in  color  intensity  for 
10  minutes  or  more  until  its  maximum  is  reached.  If,  however, 
the  alkalinized  solution  is  diluted  when  its  color  is  a  maximum, 
the  maximum  color  is  obtained  immediately  after  dilution  and, 
thereafter,  the  color  slowly  fades.  In  the  case  used  for  illus¬ 
tration,  the  extinction  value  obtained  on  a  1  to  5  dilution  of  the 
fully  treated  sample  after  5  minutes  was  0.75  which  increased  to 
0.85.  When  the  dilution  was  made  after  15  minutes,  extinction 
values  of  0.86  to  0.88  were  obtained.  As  the  undiluted  treated 
sample  had  a  maximum  extinction  of  2.30,  an  extinction  value  of 
about  0.46  would  be  expected  after  a  1  to  5  dilution  if  the  process 
were  a  simple  dilution.  The  intensification  reaction  obtained 
during  dilution  is  shown  by  the  fact  that  an  extinction  value 
almost  double  that  expected  is  actually  obtained.  To  check 
with  the  extinction  values  shown  in  Table  III  it  s  necessary  to 
dilute  the  sample  treated  for  color  production  at  least  1  to  4 
before  the  extinction  values  are  read. 

Reagents.  Sodium  sulfite,  anhydrous,  c.p. 

Approximately  2  N  sodium  hydroxide  solution,  prepared  by 
dissolving  80  grams  of  c.p.  sodium  hydroxide  in  1  liter  of  distilled 
water. 

Approximately  0.01  N  sodium  sulfite  and  0.005  N  sodium 
hydroxide  dilution  water.  The  dilution  water  should  be  freshly 
prepared  each  day  by  dissolving  0.2  gram  of  sodium  hydroxide 
and  0.6  gram  of  sodium  sulfite  in  1  liter  of  distilled  water.  Aera¬ 
tion  of  the  dilution  water  by  shaking,  which  will  cause  oxidation 
of  the  sulfite,  should  be  avoided  after  the  sulfite  is  added. 

Procedure.  To  a  50-ml.  sample  of  the  water  or  sewage  in  a 
small  Erlenmeyer  flask  1  gram  of  anhydrous  sodium  sulfite 
(weighed  on  a  rough  balance)  is  added  and  the  flask  swirled 
gently  until  it  is  dissolved. 

Five  minutes  after  the  sulfite,  1  ml.  of  approximately  2  N 
sodium  hydroxide  solution  is  added  and  mixed. 

After  the  hydroxide  has  been  in  contact  with  the  sample  for 
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Mixture  Used, 
Ratio  of  Solutions 
Col-  Stand- 

ored  ard 
TNT  ot-TNT 
solution  solution 


Table  IV.  Test  Data,  Spectrophotometric  Procedure  for  Colored  and  a-TNT 

(Using  definite  mixtures  of  known  colored  TNT  solution  and  standard  a-TNT  solution) 


19 

9 

4 

1 

1 

1 

1 

1 


4 

9 

19 


“  Using  E  values 
b  Using  E  values 


Dilu¬ 

tion 

Ob¬ 

served 

CV 1 1  t  J  ucai  V..  -  -  , 

Readings  and  Calculations  as  Described, 

Uncolored  Mean  Values 

Colored  a-TNT  Colored  Uncol- 

complex  a  6  complex  ored  a 

P.P.M. 

Total 

TNT 

1/25 

1/50 

85.5 

84.0 

18.9 

18.3 

18.9 

17.2 

84.7 

18.3 

103.0 

1/25 

1/50 

81.5 

81.0 

20.6 

20.6 

20.6 

22.8 

81.2 

21.1 

102.3 

1/25 

1/50 

76.0 

75.0 

22.2 

22.8 

24.6 

24.0 

75.5 

23.4 

98.9 

1/25 

1/50 

51.5 

51.8 

35.5 

40.0 

36.6 

40.0 

51.6 

38.0 

89.6 

1/25 

1/50 

36.6 

31.0 

46.8 

52.6 

46.8 

50.3 

33.8 

49.1 

82.9 

1/25 

1/50 

21.2 

17.2 

57.2 

62.8 

58.3 

61.5 

19.2 

59.9 

79.1 

1/25 

1/50 

10  6 
13.6 

56.6 
61  6 

56.6 

60.5 

12.1 

58.8 

70.9 

1/25 

1/50 

5.6 

5.8 

61.8 

66.3 

60.7 

65.0 

5.7 

63.4 

69.1 

»  obtained  with  colored  blank  of  same  dilution. 

\  obtained  with  distilled  water  blank. 

V^Uautiui/O  vy 

Basis  of  Mixture,  P.P.M. 


Colored  Uncol- 
cotnplex  ored  ct 


Total 

TNT 


Deviations  between 
Observed  and  Calculated 

Values,  P.P.M.  Percentage  Errors 

Colored  Uncol-  Total  Colored  Uncol-  Total 
complex  ored  a  TNT  complex  ored  a 


84.6 

80.1 

71.2 

44.5 

29.4 

17.8 

8.9 

4.5 


20.5 
22.9 
27.8 

42.2 

50.2 
56.7 

61.6 
64.0 


105.1 

103.0 

99.0 

86.7 

79.6 

74.5 

70.5 

68.5 


Mean 


0.1 

1.1 

4.3 

7.1 

4.4 

1.4 

3.2 

1.2 
2.8 


2.2 

1.8 

4.4 

4.2 
1.1 

3.2 
2.8 


2.1 

0.7 

0.1 

2.9 

3.3 

4.6 

0.4 


0.12 

1.4 

6.0 

16.0 

15.0 

7.9 

36.0 


10.7 
7.9 

13.8 
10.0 


TNT 

2.0 


5.7 

4.6 


0.7 

0.1 

3.4 

4.2 

6.2 
0.6 


0.6 

2.5 


0.6 

1.8 


27.0 

13.7 


0.9 

7.0 


0.9 

2.3 


5  to  10  minutes,  the  sample  is  filtered  through  a  No.  1  Whatman 

*  As  soon  as  the  sample  is  filtered,  and  in  no  case  over  15  minutes 
after  the  hydroxide  is  added,  the  sample  is  diluted  with  the 
sulfite-hvdroxide  dilution  water  to  the  proper  extent  for  exa,mi- 
nation.  The  dilution  should  be  at  least  1  to  4  and  may  be  1  to 
50,  and  the  result  can  still  be  interpreted  on  the  basis  of  the 

correlation  data  given.  .  ,  , 

The  diluted  sample  may  be  introduced  in  the  spectrophotom¬ 
eter  and  readings,  preferably  at  505,  may  be  made  every  minute 
or  two  for  10  minutes  or  until  the  maximum  extinction  values  are 
obtained.  The  dilution  should  be  made  to  hold  extinction  read¬ 
ings  between  0.5  and  1.6  for  the  best  results. 

If  the  color  obtained  by  the  standard  treatment  is  too  low  tor 
dilution  an  approximate  result  can  be  obtained  if  a  new  50-ml. 
portion  of  sample  is  treated  with  0.25  gram  of  sodium  sulfite 
followed  by  0.25  ml.  of  the  2  N  sodium  hydroxide  solution.  The 
color  will  form  under  these  conditions  at  a  much  lower  rate  and 
will  not  reach  a  maximum  for  30  to  40  minutes,  after  which  the 
sample  may  be  examined  undiluted.  . 

If  a  spectrophotometer  or  photoelectric  colorimeter  is  not 
available,  color  standards  can  be  prepared  for  visual  matching 
In  this  case  it  is  best  to  prepare  a  standard  TNT  solution  ot  20 
to  40  p.p.m.  A  50-ml.  portion  of  the  standard  solution  is  treated 
at  the  same  time  and  in  the  same  way  as  the  sample.  After  the 
color  treatment,  color  standards  containing  0.5,  1,  2,  3,  4,  and 
5  p.p.m.  are  prepared  with  this  solution  and  the  sulfite-hydroxide 
dilution  water  in  50-ml.  Nessler  tubes.  The  color-treated  sample 
is  diluted  at  the  same  time  the  standards  are  prepared  and  the 
colors  should  be  matched  within  30  minutes  of  the  preparation  of 
the  dilute  standards.  Standards  higher  than  5  p.p.m.  cannot 
be  used. 

ANALYSIS  OF  COLORED  a-TNT  SOLUTIONS 

Experiments  have  indicated  that,  once  the  colored  complex 
is  formed  by  nature,  or  by  carbonate  or  hydroxide  in  the  labora¬ 
tory,  this  complex  cannot  readily  be  altered  even  by  prolonged 
treatment  with  sulfite  and  hydroxide  to  produce  the  complex 
with  a  maximum  absorption  at  505  m p.  Any  remaining  un¬ 
combined  TNT,  however,  still  reacts  under  the  sulfite  hydroxide 
treatment  to  give  the  complex  with  maximum  absorption  at 
505  mil.  Upon  the  basis  of  these  observations  a  procedure  for 
estimating  both  the  colored  complex  and  the  uncolored  a-TNT 
has  been  devised. 


is  necessary  to  make  these  direct  estimation  readings  at  both 
460  and  505  m m  in  two  proper  dilutions  such  as  1/25  and  1/50 
or  1/10  and  1/25,  etc.  The  spectrophotometric  examination  of 
the  untreated  sample  should  be  made  immediately  after  dilution 
When  the  sulfite-hydroxide  treated  sample  has  been  filtered 
and  has  had  the  proper  contact  time  (10  to  15  minutes),  it  is 
diluted  with  the  sulfite-hydroxide  dilution  water  and  examined  at 
505  every  2  minutes  for  6  to  10  minutes  or  until  a  maximum 
E  reading  is  obtained,  with  a  distilled  water  blank.  If  the 
original  solution  was  highly  colored,  so  that  a  direct  dilution  of 
the  same  strength  has  been  examined,  this  is  introduced  into  the 
distilled  water  tube  and  with  it  as  a  blank  several  additional 
readings  are  made  at  505  m ii.  When  this  is  completed,  it  is 
desirable  to  make  another  dilution  of  the  treated  sample  and 
again  make  two  sets  of  readings  at  505  mju,  one  with  the  distilled 
water  blank  and  one  with  the  colored  sample  of  the  same  dilution 
in  the  carbonate  water  as  a  blank.  A  typical  set  of  readings  as 
follows  might  be  obtained: 

Sulfite-Hydroxide  Treated  Sample 


With 

Wave 

Untreated 

distilled 

With  diluted 

Dilution 

Length 

Colored 

water 

untreated  colored 

Used 

Used 

Sample 

blank 

sample  as  blank 

1 

460 

0.85 

25 

505 

0.55 

0.84 

0.37 

1 

460 

0.47 

50 

505 

0.31 

0.44 

0.18 

On  the  basis  of  the  authors’  experiments,  the  colored  complex 
formed  with  carbonate  does  not  exactly  conform  to  Beer’s  law, 
so  that  two  factors  were  worked  out  for  different  dilutions  at 
460  m ii. 

If  a  dilution  of  1/50  is  used  the  quantity  of  colored  TNT  in 

p.p.m.  equals  ~  X  dilution  factor.  On  the  other  hand,  if  the 

sample  is  examined  undiluted  or  with  1/5  to  1/25  dilutions,  a 
factor  of  0.26  is  used  in  place  of  0.29  in  the  equation.  However, 
if  the  E  values  obtained  at  460  mu  are  less  than  0.30  a  correction 
must  be  made  for  the  instrument,  which  in  the  authors  case  is 
0.06.  Under  these  circumstances  the  above  equation  becomes 

P.p.m.  of  colored  TNT  =  -46°  R  X  dilution  factor 


Procedure  for  Colored  TNT  Solutions.  A  50-ml.  aliquot 
with  sulfite  and  hydroxide  is  treated  as  described  and  after  10 
minutes  filtered  if  necessary.  During  the  time  required  to  treat 
the  above  portion,  a  portion  of  the  colored  sample  (also  filtered 
if  necessary)  is  diluted  with  a  dilution  water  containing  300 
p.p.m.  of  sodium  carbonate.  The  dilutions  should  be  such  that 
E  readings  between  0.5  and  1.6  are  obtained  if  possible.  Simple 
exact  dilutions  of  1/5,  1/10,  1/25,  and  1/50  can  be  easily  made 
with  volumetric  pipets  and  50-  or  100-ml.  volumetric  flasks.  It 


The  K  values  of  0.26  for  undiluted  samples  or  dilutions  up  to 
/25  and  0.29  for  1/50  dilutions  to  be  used  in  the  above  equation 
re  considered  tentative  values. 

On  the  basis  of  the  data  above,  the  colored  TNT  present  was 
3  follows: 


For  1/25  dilution, 


0.85 

0.26 


X  25  =  81.5  p.p.m. 
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For  1/50  dilution,  X  50  =  81.0  p.p.m. 

For  determining  the  uncombined  a-TNT  that  remains  in  the 
colored  sample,  it  is  necessary  to  determine  the  net  increase  in 
extinction  at  505  my.  due  to  the  sulfite  hydroxide  treatment.  The 
general  equation  for  calculating  the  a-TNT  is 


analyzed.  These  data  seem  to  indicate  that  the  procedure 
described  can  be  safely  relied  upon  to  give  reasonable  estimates 
of  the  uncolored  a-TNT  and  the  colored  TNT  complex  in  water 
containing  mixtures  of  the  two. 

SUMMARY 


P.p.m.  of  TNT  =  X  dilution  factor 

^  0.437 


When  the  untreated  colored  solution  in  the  same  dilution  as 
the  treated  sample  is  used  as  a  blank,  the  E  as  read  is  substituted 
in  the  above  formula.  When  distilled  water  is  used  as  a  blank, 
the  increased  extinction  due  to  sulfite-hydroxide  treatment  is 
determined  as  follows  from  the  E  values  of  the  untreated  and 
treated  samples  of  the  same  dilution. 


E  =  E 


Net  gain  due 
to  sulfite- 
hydroxide 
treatment 


Sulfite-hydroxide 
treatment  with 
distilled  water 
blank 


(E  -  0.06) 

Untreated 
sample  of 
same 
dilution 


If  the  j E  of  the  untreated  sample  was  not  obtained  in  the  same 
dilution  as  the  E  for  the  sulfite-hydroxide  treated  sample,  the 
above  correction  can  be  estimated.  In  such  a  case  the  E  for  any 
dilution  of  an  untreated  sample  without  any  deduction  is  divided 
by  the  factor  necessary  to  bring  it  to  the  dilution  of  the  sulfite- 
hydroxide  treated  sample  that  was  examined. 

Applying  these  rules  to  the  data  given  above,  the  calculations 
for  alpha  TNT  become: 

First  for  the  E  readings  obtained  with  the  untreated  colored 
dilution  as  a  blank, 

0  37 

For  the  1/25  dilution,  X  25  =  21.2  p.p.m. 

0  18 

For  the  1/50  dilution,  X  50  =  20.6  p.p.m. 


Using  the  E  data  for  the  untreated  colored  sample  and  the 
sulfite-hydroxide  treated  sample  with  the  distilled  water  blank, 

For  the  1/25  dilution,  X  25  =  20.0  p.p.m. 


For  the  1/50  dilution,  X  50  =  21.2  p.p.m. 


Using  the  mean  of  all  values  obtained,  this  sample  contained 
81.2  p.p.m.  of  colored  TNT  and  20.7  p.p.m.  of  uncombined  a- 
TNT  or  a  total  of  101.9  p.p.m.  The  K  values  used  in  all  these 
calculations  apply  only  to  the  authors’  instrument  and  for 
accurate  determinations  with  other  instruments  these  values 
must  be  redetermined  on  prepared  standards. 

To  test  the  value  of  this  analytical  procedure,  two  samples, 
one  containing  only  a-TNT  and  the  other  containing  largely 
colored  TNT,  were  mixed  in  definite  proportions  and  analyzed. 
The  colored  TNT  sample  was  29  days  old  and,  on  the  basis  of 
the  same  analytical  procedure,  was  found  to  contain  89  p.p.m. 
of  colored  TNT  and  18.1  p.p.m.  of  a-TNT  when  it  was  used  in 
this  experiment.  The  a-TNT  sample  was  a  carefully  prepared 
standard  containing  66.4  p.p.m.  of  a-TNT  and  was  uncolored. 

The  data  in  Table  IV  show  that  good  estimates  of  the  two 
forms  of  TNT  were  obtained  in  all  mixtures  when  the  data  ob¬ 
tained  as  described  for  two  dilutions  were  averaged.  In  all  cases 
slightly  higher  values  for  the  colored  TNT  were  obtained  than 
calculation  indicated.  This  is  to  be  expected,  as  the  mixture  of 
the  solutions  would  naturally  favor  the  reaction  with  the  pro¬ 
duction  of  more  colored  TNT.  Again,  in  all  cases  except  one 
the  quantity  of  uncolored  a-TNT  found  in  the  mixture  was  less 
than  the  value  calculated.  The  errors  in  the  determinations  of 
the  colored  and  uncolored  fractions,  therefore,  seem  to  be  com¬ 
pensating.  As  a  result,  the  deviations  between  the  values  for 
total  TNT  as  observed  and  calculated  varied  between  0.1  and 
4.6  p.p.m.,  with  a  mean  deviation  of  only  1.8  p.p.m.  The  per¬ 
centage  errors  in  the  results  for  total  TNT  varied  between  0.1 
and  6.2%,  with  a  mean  of  2.3  for  the  eight  mixed  solutions 


a-TNT  in  aqueous  solutions  reacts  with  sulfite  and  hydroxide 
to  form  a  colored  compound  and  the  color  so  obtained  can  be 
intensified  by  dilution  in  a  weak  sulfite-hydroxide  solution.  The 
rates  of  the  color  formation  in  each  step  of  this  reaction  have 
been  studied  and  it  has  been  shown  that  the  correlation  between 
the  TNT  concentration  and  the  color  intensity  of  the  sulfite 
and  hydroxide  treated  and  diluted  samples  conforms  to  Beer’s 
law.  On  the  basis  of  these  reactions,  a  simple  analytical  pro¬ 
cedure  for  the  determination  of  TNT  in  uncolored  aqueous 
solutions  has  been  developed  which  is  applicable  to  polluted  water 
and  sewage  samples.  Correlation  between  TNT  concentrations 
of  standard  solutions  and  extinction  values  of  the  samples  after 
treatment  by  the  recommended  procedure  are  presented  for  four 
wave  lengths.  Examination  of  samples  at  505  my  is  recom¬ 
mended  as  optimum.  If  spectrophotometer  equipment  or  a 
photoelectric  colorimeter  is  not  available,  the  method  is  ap¬ 
plicable  by  simple  color  comparison  with  prepared  standards. 

A  spectrophotometric  procedure  for  the  quantitative  estima¬ 
tion  of  the  colored  (combined)  TNT  fraction  and  the  (uncom¬ 
bined)  a-TNT  fraction  in  colored  TNT  wastes  from  shell-loading 
plants  has  been  described.  The  procedure  requires  the  determi¬ 
nation  of  extinction  values  of  dilutions  of  the  colored  waste  as 
received  at  460  and  505  my]  and  similar  determinations  at 
505  m/n  on  dilutions  after  sulfite  and  hydroxide  treatment  of  the 
samples.  The  quantity  of  colored  and  a-TNT  can  be  estimated 
from  the  E  values  obtained  substituted  in  two  equations. 

Analytical  data  on  eight  different  mixtures  of  colored  and 
standard  a-TNT  solutions  show  that  good  estimates  of  each  of 
the  two  forms  of  TNT  were  obtained  in  such  mixtures  by  the 
procedure  described.  The  procedure  is  being  used  and  has 
proved  extremely  valuable  in  a  study  of  the  reactions  and  possible 
treatment  procedures  of  TNT  wastes  from  shell-loading  plants. 
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Correction.  In  the  article  “A  Specific  Spot  Test  for  Vana¬ 
dium”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  17,  63  (1945)  ]  the  last 
sentence  should  read:  By  use  of  comparative  tests,  it  will  de¬ 
tect  vanadium  in  500  times  its  weight  of  Ni++,  100  times  its 
weight  of  Co++  or  Cu++,  and  10  times  its  weight  of  Cr+++  or 

W°4  '  J.  H.  Reedy 


Colorimetric  Determination  of  Potassium 

M.  F.  ADAMS  AND  J.  L.  ST.  JOHN,  Division  of  Chemistry,  Agricultural  Experiment  Station,  Pullman,  Wash. 


THE  advantages  of  the  colorimetric  determination  of  small 
amounts  of  potassium  in  the  form  of  potassium  iodoplatinate 
were  recognized  by  Cameron  and  Failyer  (/).  While  this  method 
gives  good  results  if  proper  care  is  used,  the  chemical  stability 
and  the  rate  of  color  development  are  not  entirely  satisfactory 
(S,  5,  6).  In  connection  with  previous  work  (2)  a  reliable  and  con¬ 
venient  colorimetric  method  was  desired.  It  was  expected  that 
colorimetric  determination  by  means  of  the  corresponding  chloro 
compound  would  have  the  advantage  of  greater  convenience, 
and  this  was  confirmed  by  the  results  described  below.  For  very 
small  amounts  of  potassium  the  iodoplatinate  method,  of  course, 
cannot  be  dispensed  with.  For  this  reason  a  check  of  the  iodo¬ 
platinate  method  appeared  desirable. 

EXPERIMENTAL  DETAILS 

Potassium  chloroplatinate,  obtained  and  purified  during  analy¬ 
ses  of  plant  material,  was  used  for  a  stock  solution,  the  concen¬ 
tration  of  which  was  determined  gravimetrically. 

The  colorimetric  determinations  were  carried  out  by  means  of 
a  Coleman  double  monochromator  spectrophotometer.  For  the 
chloroplatinate  the  30-mjt  slit  was  generally  used.  For  the  iodo¬ 
platinate  only  the  5-m/x  slit  was  used.  According  to  the  manu¬ 
facturer,  the  effective  thickness  of  the  round  cells  used  is  16  mm. 

CHLOROPLATINATE 

The  practical  advantages  resulting  from  the  application  of  the 
Beer-Lambert  law  are  so  important  that  a  substance  which  does 


Figure  1.  Transmittance  of  Potassium  Chloroplatinate  Solutions  at 

410  mju 


O  Solvent,  water,-  ■»  Co  0 
«  Solvent,  0.1  N  KCI;  -  Co  0 

•  Solvent,  0.1  N  KCI;  Ct  =*  1.255  millimoles  per  liter 


not  obey  this  law  will  be  adopted  for  colorimetric  analyses  only  in 
exceptional  cases. 

The  results  obtained  for  the  transmittance  of  chloroplatinate 
solutions  as  a  function  of  the  concentration  are  represented  in 
Figure  1  by  open  circles.  The  curve  through  these  points  devi¬ 
ates  slightly  but  unmistakably  from  a  straight  line. 

It  is  obvious  to  assume  that  the  deviation  from  the  Beer- 
Lambert  law  is  due  to  hydrolysis  of  the  complex  ion,  as  observed 
previously  for  the  iodoplatinate  by  Schlesinger  and  Tapley  (4). 
Actually  the  deviations  disappeared  when  the  chloroplatinate 
was  dissolved  in  a  0.1  N  solution  of  potassium  chloride. 

Sometimes  it  is  advisable  to  use  a  solution  of  the  colored  sub¬ 
stance  rather  than  the  solvent  in  the  reference  cell  of  the  spectro¬ 
photometer.  In  this  way  one  can  extend  the  concentration  range, 
and  this  arrangement  furnishes  a  more  sensitive  test  for  the  valid¬ 
ity  of  the  Beer-Lambert  law.  If,  and  only  if,  this  law  holds  the 
measured  transmission  values  depend  only  on  the  difference, 
C  —  Co,  of  the  two  solutions  and  not  on  the  concentration  Co, 
of  the  reference  solution.  Some  readings  obtained  with  a  refer¬ 
ence  solution  of  1.255  millimoles  per  liter  in  0.1  N  potassium  chlo¬ 
ride  are  included  in  Figure  1. 

The  transmittance  of  three  solutions  as  a  function  of  the  wave 
length  is  indicated  in  Figure  2.  The  extinction  coefficients  are: 
0.18,  0.10,  and  0.07  liter  X  millimole-1  X  cm.-1  for  410,  440, 
and  470  m,u,  respectively.  The  wave  length  410  m/x  is  recom- 


Figure  2.  Transmittance  of  Potassium  Chloroplatinate 
Solutions  at  Various  Wave  Lengths 

Solvent,  0.1  N  KCI 
O  C  —  1 .255  millimoles  per  liter 
3  C  =  2.09  millimole*  per  liter 
•  C  *>  6.27  millimoles  per  liter 
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WAVELENGTH  mji 


Figure  3.  Transmittance  of  Potassium  lodoplatinate 
Solutions  at  Various  Wave  Lengths 

Solvent,  2  N  Kl 

Q  C  —  0.0063  millimoles  per  liter 
O  C  =  0.01  57  millimoles  per  liter 
3  C  =  0.0209  millimoles  per  liter 
0  C  =  0.0627  millimoles  per  liter 


mended  for  concentrations  up  to  2  millimoles  per  liter,  470  m/x 
up  to  6  millimoles  per  liter. 

The  color  develops  immediately  and  has  been  found  stable  over 
a  period  of  2  months.  The  method  requires  somewhat  less  time 
than  the  gravimetric  method  and  furnishes  better  results  for 
samples  furnishing  a  weighed  precipitate  of  less  than  30  mg.  of 
potassium  chloroplatinate. 

IODOPL  AT1NATE 

For  the  colorimetric  determination  of  potassium  as  iodoplati- 
nate  purified  samples  of  potassium  chloroplatinate  were  dissolved 
in  2  A  potassium  iodide  solution.  Figure  3  indicates  the  trans¬ 
mittance  as  a  function  of  wave  length  and  concentration.  The 
values  for  wave  lengths  below  440  are  not  definitely  re¬ 
producible,  probably  because  in  this  range  traces  of  free  iodine 
cause  appreciable  deviations.  Highest  sensitivity  is  obtained  at 
490  mju,  which  is  the  wave  length  chosen  by  previous  authors. 

Immediately  after  preparation  and  at  room  temperature  ap¬ 
preciable  deviations  from  Beer-Lambert  law  have  been  found; 
these  deviations  practically  disappear  in  the  course  of  several 
.days.  A  few  results  obtained  at  490  mu  are  reported  in  Table  I. 

According  to  these  figures  the  change  of  the  apparent  concen¬ 
tration  may  amount  to  as  much  as  0.003  millimole  per  liter.  The 
results  obtained  after  8  days  are  well  represented  by  the  Beer- 
Lambert  law  with  an  extinction  coefficient  of  10  liters  X  milli¬ 
mole-1  X  cm.-1  Thus  the  iodoplatinate  is  approximately  one 
hundred  times  more  sensitive  than  the  chloroplatinate  method. 

SUMMARY 

The  photometric  determination  of  potassium  as  chloroplatinate 
is  reliable  and  convenient.  A  precision  of  2%  can  be  attained 


Table  I.  Transmission  of  Potassium  lodoplatinate 


Concentration 

Immediately 

6  Days 

8  Days 

30  Days 

mM /liter 

Per  cent  at  4 90  mu 

0.0126 

67.7 

64.5 

64.0 

62.2 

0.0252 

44.2 

40.6 

40.3 

38.0 

0.0377 

28.0 

25.8 

25.6 

23.5 

0  0503 

17.6 

16.1 

16.0 

13.0 

0.0627 

10.1 

10.0 

9.9 

10.0 

with  samples  containing  0.2  mg.  of  potassium  or  more.  The  iodo¬ 
platinate  method  is  about  one  hundred  times  more  sensitive,  but 
slow  changes  of  color  have  been  observed.  Appreciable  errors 
can  be  eliminated  only  by  careful  calibration  under  well-defined 
conditions. 
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Determination  of  Nitrogen  in  Pyrid  ine  Ring-Type 
Compounds  by  the  Kjeldahl  Method 

RAY  L.  SHIRLEY  AND  W.  W.  BECKER,  Hercules  Experiment  Station,  Hercules  Powder  Company,  Wilminston,  Del. 


IN  THIS  laboratory  nitrogen  must  be  determined  by  the 
I  Kjeldahl  method  on  many  types  of  research  samples.  The 
necessary  modifications  of  methods  for  determining  nitro,  nitrate, 
azo,  and  other  nitrogen  groups  are  well  known  and  reasonably 
satisfactory.  The  voluminous  literature  on  the  Kjeldahl  method, 
however,  is  conflicting  with  respect  to  the  correct  procedure  for 
the  analysis  of  such  compounds  as  pyridine,  nicotinic  acid,  nico¬ 
tine,  and  quinoline,  which  contain  a  refractory  ring-type  nitrogen. 

Bradstreet  (4),  in  an  excellent  review  of  the  Kjeldahl  method* 
mentioned  several  examples  of  cyclic  nitrogen  compounds,  such  as 
pyridine,  which  are  extraordinarily  resistant  to  oxidation,  but 
included  no  modifications  of  the  method  to  obtain  quantitative 
results.  Acree  (1 ),  in  a  collaborative  report  of  the  Association  of 
Official  Agricultural  Chemists  on  the  analyses  of  a  large  number 
of  compounds,  using  mercuric  oxide  as  the  digestion  catalyst  in  a 
semimicromethod,  obtained  only  a  25%  recovery  of  the  nitrogen 
in  nicotinic  acid.  However,  some  other  workers  apparently 
1  were  able  to  analyze  this  type  of  compound  successfully.  Belcher 
and  Godbert  (3)  used  a  mixture  of  mercuric  sulfate  and  selenium 
as  a  catalyst  and  obtained  good  results  on  a  micro  scale  for 
nitrogen  in  picolinic  acid  and  nicotinic  acid.  Clark  (5)  used 
mercuric  oxide  and  obtained  on  a  semimicro  scale  the  theoretical 
nitrogen  yield  on  7,7-dipyridyl  dihydrate.  Phelps  and  Daudt 
(8)  obtained  satisfactory  results  for  nitrogen  on  nicotinic  acid, 
pyridine-zinc  chloride,  and  quinoline  derivatives,  using  mercuric 
oxide  as  a  catalyst. 

Need  arose  in  this  laboratory  for  an  exact  procedure  to  deter¬ 
mine,  on  a  macro  scale,  the  nitrogen  content  of  compounds  con¬ 
taining  refractory  ring-type  nitrogen.  Therefore,  a  brief  study 
was  made  of  digestion  catalysts  and  time  of  digestion.  The 
I  catalysts  tested  were  copper  sulfate,  mercury,  selenium  oxychlo¬ 
ride,  and  a  mixture  of  mercury  and  selenium  oxychloride.  The 
time  of  digestion  was  varied  from  1  to  4  hours.  Numerous  work¬ 
ers,  among  them  Taylor  (11),  Prince  ( 9 ),  Osborn  and  Krasnitz 
(7),  and  Sreenivasan  (10),  used  the  mercury  plus  selenium  oxy¬ 
chloride  mixture  in  their  work,  but  unfortunately  did  not  report 
results  on  refractory  ring-type  nitrogen  compounds. 

PROCEDURE 

The  Kjeldahl  method  used  was  essentially  the  same  as  that  of 
the  Association  of  Official  Agricultural  Chemists  (2).  The 
analyses  were  done  on  a  modern  commercial  Kjeldahl  nitrogen 
apparatus;  500-watt  heaters  were  used  for  digesting  the  samples, 
and  the  necks  of  the  digestion  flasks  were  set  at  30°  angles.  The 
amounts  of  catalysts  used  were:  1 .0  gram  of  copper  sulfate,  0.12 
to  0.15  gram  (5  drops)  of  selenium  oxychloride,  and  0.6  gram  of 
metallic  mercury.  Samples  of  the  organic  compound  used  were 
0.3  to  1.0  gram. 

In  titrating  the  excess  acid  with  standard  sodium  hydroxide, 
methyl  red-bromocresol  green  (6)  was  used  as  the  indicator. 
This  combination  indicator  was  made  up  for  macrotitrations  and 
contained  0.4  gram  of  methyl  red  and  0.2  gram  of  bromocresol 
green  in  100  ml.  of  95%  ethyl  alcohol.  It  has  been  found  satis¬ 
factory. 

COMPOUNDS  TESTED 

The  pyridine  used  was  J.  T.  Baker’s  c.p.  grade.  Its  specific 
gravity  at  20/4°  C.  was  0.9835,  and  its  refractive  index  at  20°  C. 
was  1.5088;  the  International  Critical  Tables  give  the  values  as 
0.9832  and  1.5092,  respectively.  The  other  samples  used  were 
obtained  from  the  Eastman  Kodak  Company,  and  were  analyzed 
without  further  purification. 

Special  precautions  were  taken  in  weighing  the  volatile  pyri¬ 
dine.  The  Kjeldahl  flask  was  rotated  while  20  ml.  of  sulfuric  acid 
were  poured  down  the  neck.  By  means  of  a  Lunge  pipet,  ap- 
i  proximately  1  gram  was  weighed  directly  into  the  flask,  which 
was  stoppered  immediately.  When  the  sample  was  ready  for 


digestion,  the  stopper  was  removed,  and  the  neck  of  the  flask 
was  rinsed  with  an  additional  10  ml.  of  sulfuric  acid;  then  the 
catalyst  and  potassium  sulfate  were  added. 

DISCUSSION 

The  effectiveness  of  the  various  digestion  catalysts  was  tested 
on  caffeine,  quinoline,  and  nicotine;  a  digestion  time  of  approx¬ 
imately  2.5  hours  was  used.  Caffeine  was  chosen  as  a  control; 
its  nitrogen,  though  present  in  the  pyrimidine-iminazole  form,  is 
easily  converted  to  ammonium  sulfate  during  the  Kjeldahl  diges¬ 
tion.  The  results  obtained  (Table  I)  show  that  both  copper 
sulfate  and  selenium  oxychloride,  while  effective  on  caffeine,  gave 
nitrogen  results  ranging  from  approximately  45  to  85%  of  theory 
on  both  quinoline  and  nicotine.  Mercury  alone  and  the  mixture 
of  mercury  plus  selenium  oxychloride  were  much  more  effective 
digestion  catalysts;  the  results  obtained  on  all  three  compounds 
were  approximately  99  to  100%  of  theory. 

Since  preliminary  results  on  nicotinic  acid  and  pyridine  were 
erratic,  these  two  compounds  were  selected  for  studying  the 
effect  of  the  time  of  digestion.  The  results  obtained  using  the 
four  catalysts  and  varying  digestion  time  are  shown  in  Table  II. 

Both  copper  sulfate  and  selenium  oxychloride  gave  low  re¬ 
coveries  of  the  nitrogen  present,  and,  therefore,  appeared  unsatis¬ 
factory  as  digestion  catalysts  for  this  type  of  compound.  In  the 
analysis  of  nicotinic  acid,  using  mercury  as  the  catalyst,  a  diges¬ 
tion  time  of  4  hours  yielded  practically  theoretical  results  for 
nitrogen;  using  mercury  plus  selenium  oxychloride,  a  digestion 
time  of  3  hours  gave  equally  good  results.  With  pyridine,  both 
mercury  and  mercury  plus  selenium  oxychloride  gave  essentially 
the  same  results,  approximately  98  to  99%  of  theory,  after  digest¬ 
ing  for  3  hours;  only  a  negligible  increase  was  obtained  after 
digesting  for  4  hours. 

The  time  of  digestion  therefore  proved  to  be  of  utmost  impor¬ 
tance.  Usually,  a  Kjeldahl  sample  is  digested  for  only  1.5  times 
the  time  required  for  the  sulfuric  acid  solution  to  become  clear, 


Table  1.  Analyses  of  Nicotine,  Quinoline 
Various  Catalysts 

,  and 

Caffeine  Usin< 

Nitrogen 

Compound0 

Catalyst 

Found 

% 

Recovery 

% 

Nicotine 

CuSOj 

13.63 

78.9 

(theory  17.28%  N) 

12.44 

72.0 

SeOCh 

14.61 

14.27 

84  6 
82.6 

Hg 

17.02 

16.98 

98.5 

98.3 

Hg  +  SeOCh 

16.98 

17.02 

98.3 

98.5 

Quinoline 

CuSO-i 

7.96 

73.4 

(theory  10.85%  N) 

7.75 

71.4 

SeOCh 

6.43 

5.20 

59  3 
47.9 

Hg 

10.75 

10.78 

99.1 

99.4 

Hg  +  SeOCh 

10.88 

10.87 

100  3 
100.2 

Caffeine 

CuSO< 

28.74 

99.6 

(theory  28.85%  N) 

28.55 

99.0 

SeOCh 

28.51 

28.71 

98.8 

99.5 

Hg 

28.65 

28.58 

99.3 

99.1 

Hg  +  SeOCh 

28.50 

28.46 

98.8 

98.7 

a  Each  sample  digested  2.5  hours. 
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Table  II.  Digestion-Time  Study  of  Nicotinic  Acid  and  Pyridine 

Analyses 

Nitrogen  Found  after  Digesting  for: 
1  2  2.5  3.0  4.0 

Compound 

Catalyst 

hour 

% 

hours 

% 

hours 

% 

hours 

% 

hours 

% 

Nicotinic  acid 

CuSOi 

5.73 

5.62 

6.36 

(theory  11 . 38%  N) 

5.36 

5.05 

6.68 

SeOCh 

3.90 

4.08 

5.19 

4.48 

6.34 

6.34 

Hg 

4.33 

5.59 

10.78 

10.17 

10.83 

10.21 

11.14 

10.00 

11.33 

11.35 

Hg  +  SeOCh 

8.91 

8.41 

10.18 

10.91 

10.77 

10.97 

11.31 

11.37 

Pyridine 

CuSOi 

5.49 

7.49 

(theory  17.72%  N) 

5.55 

SeOCls 

4^56 

7.58 

5.13 

Hg 

14.40 

13.49 

17.50 

17.46 

17.66 

17.59 

Hg  +  SeOCh 

16.72 

17.38 

17.46 

17.44 

17.48 

17.52 

In  the  case  of  the  mercury  plus  selenium  oxychloride  catalytic 
mixture,  the  solution  became  clear  in  a  short  time,  yet  additional 
digestion  for  2  to  3  hours  was  required.  Because  the  time  of 
digestion  ordinarily  is  not  watched  too  closely,  it  is  believed  that 
the  erratic  results  obtained  in  the  past  on  pyridine  ring- type  com¬ 
pounds  (even  when  mercury  was  used  as  the  catalyst)  were  proba¬ 
bly  caused  by  insufficient  digestion  time. 

When  running  unknown  samples,  it  is  advisable  to  run  a  known 
sample,  whose  structure  approximates  that  of  the  sample  being 
analyzed,  in  order  to  establish  the  digestion  time  required. 


CONCLUSIONS 

Mercury  alone  or  mercury  plus  selenium  oxychloride  has  been 
found  a  satisfactory  catalyst  for  the  Kjeldahl  determination  of 
the  nitrogen  content  of  compounds  containing  a  refractory  ring- 
type  nitrogen,  as  in  pyridine,  nicotine,  nicotinic  acid,  or  quinoline. 
A  digestion-time  study  showed  that  3  to  4  hours  are  required  for 
complete  digestion  of  these  compounds  by  the  mercury  catalysts. 

Copper  sulfate  and  selenium  oxychloride  yielded  extremely  low 
results,  even  on  prolonged  digestion. 
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Colorimetric  Method  for  Determination  of  DDT 

EUGENE  L.  BAILES  AND  MERLE  G.  PAYNE,  Colorado  Agricultural  Experiment  Station,  Fort  Collins,  Colo. 


A  RAPID  colorimetric  method  for  the  determination  of 
l-trichloro-2,2-bis(p-chlorophenyl)ethane  has  been  de¬ 
veloped,  using  the  Friedel-Crafts  reaction.  This  compound, 
principal  ingredient  of  technical  DDT,  can  be  determined  in  con¬ 
centrations  ranging  from  0.001  to  0.01%. 

The  use  of  DDT  as  an  insecticide  has  created  an  interest  in 
methods  for  its  detection  and  quantitative  determination  in  such 
fields  as  spray  residues  and  pharmacology. 

The  high  chlorine  content  of  DDT  has  been  utilized  as  a  basis 
for  its  indirect  chemical  analysis.  Winter  (7)  has  described  a 
method  for  determining  halogens  in  organic  compounds,  by 
burning  the  compound  in  a  stream  of  gas  and  recovering  the 
halogen  in  a  form  suitable  for  determination  by  standard  methods. 
Hall  et  al.  ( 3 )  have  employed  a  modification  of  the  Winter  method 
for  the  determination  of  DDT  in  emulsions  and  various  other 
materials.  Fahey  ( 1 )  also  uses  a  modification  of  the  Winter 
method.  Gunther  (£)  and  Neal  (4)  report  a  method  for  deter¬ 
mining  DDT  based  upon  dehydrohalogenation  with  alcoholic 
alkali;  a  chloride  ion  is  liberated  from  each  molecule  of  DDT  and 
the  quantity  of  free  chloride  ion  is  determined.  Schechter  ( 6 ) 
reports  that  a  sensitive  color  test  based  on  nitration  to  polynitro 
derivatives  will  be  described  in  a  later  paper. 

The  method  herein  described  is  a  colorimetric  procedure  using 
the  Friedel-Crafts  reaction.  The  reaction  produces  a  compound 
with  a  stable  color,  orange  by  transmitted  light  and  greenish- 
orange  by  reflected  fight.  This  colored  compound  is  being  in¬ 
vestigated  and  will  be  described  in  a  later  paper. 

APPARATUS 

The  Lumetron  photoelectric  colorimeter,  model  400,  made  by 
the  Photovolt  Corporation  was  used  in  this  study.  This  colorim¬ 


eter  has  an  optical  density  and  per  cent  transmission  scale  and 
when  Beer’s  law  applies  the  scale  readings  are  proportional  to  the 
concentration.  Measurements  were  made  in  an  absorption  tube 
of  16.5-mm.  inside  diameter,  with  a  color  filter  transmitting 
about  420  millimicrons. 

Nissen  and  Peterson  (5)  have  given  a  general  discussion  of  the 
methods  and  problems  of  colorimetric  studies. 

REAGENTS 

Purified  DDT,  prepared  in  this  laboratory  and  purified  by  re- 
crystallization  with  an  alcohol-ether  mixture  (25%  ether)  until  it 
melted  at  a  constant  temperature  of  107°  C. 

Technical  DDT,  Geigy  Company  product,  softening  at  80°  C. 
and  completely  melting  at  96.5°  C. 

Benzene.  The  benzene  used  in  the  procedure  was  Merck’s 
reagent,  thiophene-free.  Freezing  point  minimum,  5.2°  C. 

Anhydrous  aluminum  chloride,  Eimer  and  Amend’s  technical 
and  resublimed  product. 

Ethylene  chloride,  Eastman  132. 

PROCEDURE 

Purified  DDT  (0.1  gram)  was  dissolved  and  made  up  to  50  ml. 
with  benzene,  and  10  ml.  of  this  solution  were  heated  in  a  con¬ 
stant-temperature  water  bath  at  66°  C.  for  5  minutes.  Then  the 
solution  was  treated  with  0.5  gram  of  anhydrous  aluminum 
chloride,  and  the  mixture  was  heated  for  1  hour  at  66°  C.  The 
complex  was  decomposed  with  3  ml.  of  water,  and  30  ml.  of  ben¬ 
zene  were  added.  This  product  was  treated  with  1.5  grams  of 
anhydrous  calcium  chloride.  The  mixture  was  allowed  to  stand 
until  the  turbidity  disappeared.  The  benzene  layer  was  de¬ 
canted  into  a  100-ml.  volumetric  flask.  The  residue  was  washed 
with  small  portions  of  benzene  to  remove  the  last  traces  of  color, 
added  to  the  volumetric  flask,  and  diluted  to  volume  with  ben¬ 
zene.  The  per  cent  transmission  was  read  in  the  photoelectric 
colorimeter.  If  the  benzene  layer  was  turbid,  it  was  necessary  to 
allow  it  to  stand  before  reading.  This  turbidity  often  occurred  in 
fruit  strippings. 


July,  1945 


ANALYTICAL  EDITION 


439 


Table  I.  Per  Cent  Transmission 


Mp 

1  Ml. 

2  Ml. 

3  Ml. 

4  Ml. 

5  Ml. 

370 

85.0 

77.0 

72.5 

70.5 

69.0 

85.5 

77.0 

72.5 

70.0 

70.0 

85.0 

78.0 

73.0 

71.0 

69.5 

420 

76.0 

59.0 

47.0 

39.0 

31.0 

77.0 

61.0 

47.0 

40.0 

32.0 

78.0 

60.0 

48.0 

39.5 

31.5 

490 

96.0 

93.0 

87.0 

83.0 

78.0 

96.5 

92.5 

87.0 

84.0 

80.0 

97.0 

92.5 

87.5 

83.5 

79.0 

530 

97.0 

91.0 

86.0 

82.0 

77.0 

96.0 

92.0 

86.5 

83.0 

77.5 

96.5 

91.5 

87.0 

82.5 

77.0 

580 

99.0 

97.0 

97.0 

96.0 

95.0 

99.0 

97.0 

96.5 

96.0 

95.0 

99.0 

97.0 

96.0 

96.0 

95.0 

650 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100  0 

100  0 

100.0 

A  temperature  above  66°  C.  decreases  the  intensity  of  color; 
the  reaction  is  completed  in  one  hour.  The  color  developed  as 
soon  as  the  complex  was  decomposed  with  water  and  the  product 
dissolved  in  benzene. 

Samples  of  fruit  may  be  stripped  with  small  quantities  of  ben¬ 
zene  diluted  to  a  definite  volume  and  an  aliquot  part  treated 
according  to  the  above  procedure.  The  aliquot  part  for  fruit 
strippings  would  vary  with  the  per  cent  of  DDT  used  in  the 
spray.  For  maximum  accuracy,  dilutions  should  be  chosen  so 
that  readings  on  the  galvanometer  of  the  photoelectric  colorim¬ 
eter  would  fall  in  the  central  portion  of  the  scale. 

Pears  sprayed  several  times  during  the  season  with  0.06  to 
0.08%  DDT  were  sampled,  10  to  12  pears  in  each  sample.  The 
samples  were  stripped  with  benzene  and  concentrated  or  diluted 
to  a  volume  of  250  ml.,  and  a  10-ml.  aliquot  of  these  solutions 
was  used  in  the  DDT  determination.  The  benzene  left  in  the 
samples  was  recovered  by  distillation. 

The  effects  of  petroleum  oil  contaminants  were  varied;  some 
formed  addition  products,  some  formed  colored  compounds. 
In  fruit  strippings  these  contaminants  would  not  interfere.  In 
sprays  and  emulsions,  contaminate  factors  would  have  to  be 
determined. 

The  work  with  duplicate  samples  of  technical  and  purified 
DDT  indicated  that  the  quality  and  color  developed  were 
affected  only  slightly,  if  any,  by  contaminants.  Apparently  the 
isomers  of  DDT  do  not  vary  the  total  per  cent  according  to  this 
procedure,  and  the  color  produced  by  technical  DDT  compares 
favorably  with  the  color  produced  by  purified  DDT. 

Selection  of  Wave  Length  for  Reading  Color  and  Time 
of  Color  Development.  Three  samples  were  prepared  by 
treating  0.1  gram  of  DDT,  as  described  above,  and  diluting  the 
benzene  layer  to  100  ml.  Then  5  ml.  of  each  sample  were  meas¬ 
ured  into  a  10-ml.  volumetric  flask  and  diluted  to  volume  with 
benzene.  A  transmission  curve  using  the  six  filters  (370,  420 
490,  530,  580,  and  650  mp)  for  each  sample  was  determined  im¬ 
mediately,  after  the  samples  had  stood  60  minutes,  2  days,  and 
several  months,  respectively.  Constancy  of  transmission  is 
reached  as  soon  as  the  benzene  solution  is  transparent. 

A  further  check  of  the  best  wave  length  to  be  used  was  made 
by  determining  transmission  curves,  taking  1,  2,  3,  4,  and  5  ml., 
respectively,  of  each  sample,  measured  by  a  buret  into  a  10-ml. 
volumetric  flask  and  diluted  to  volume  with  benzene  (Table  I). 

The  greatest  reading  differential  in  this  concentration  range 
was  found  at  420  mp.  It  may  be  expected  that  the  greatest 
sensitivity  will  be  obtained  at  this  wave  length. 

A  plot  of  the  per  cent  transmission  values  obtained  at  420  nip 
against  the  concentration  results  in  a  smooth  curve  which  is  sub¬ 
stantially  a  straight  line  in  conformity  with  Beer’s  law. 

Transmission-Concentration  Curve  for  DDT.  Three 
samples  were  prepared  by  treating  0.1  gram  of  DDT  as  described 


above  and  diluting  the  benzene  layer  to  100  ml.  Then  1,  2,  3,  4, 
and  5  ml.,  respectively,  of  each  sample  were  measured  in  dupli¬ 
cate  from  a  buret  into  a  10-ml.  volumetric  flask  and  diluted  to 
volume  with  benzene.  The  per  cent  transmission  values  ob¬ 
tained  at  420  mp  appear  in  Table  II. 

RANGE  OF  CONCENTRATION  AND  ACCURACY 

The  best  working  range  for  the  method  is  between  0.001  and 
0.01%  of  DDT.  The  higher  concentrations  were  diluted  and 
when  lower  concentrations  were  encountered  in  fruit  strippings 
larger  aliquot  parts  were  taken. 

A  number  of  determinations  were  run  on  known  amounts  of 
purified  DDT  and  a  maximum  error  of  3%  was  found  by  the 
method  herein  described,  when  amounts  varying  from  0.1  to  1  mg. 
of  purified  DDT  were  used. 

Using  an  Alternate  Solvent.  The  color  produced  in  ben¬ 
zene  has  a  peak  absorption  of  420  mp  and  may  encounter  diffi¬ 
culty  when  used  on  some  fruit  strippings,  oil  emulsions,  and 
others.  Therefore,  it  may  be  desirable  to  use  ethylene  chloride 
instead  of  benzene  as  the  solvent.  The  Friedel-Crafts  reaction 
in  ethylene  chloride  must  be  held  at  a  constant  temperature  of 
52°  C.,  otherwise  following  the  same  procedure  as  with  benzene. 
The  color  produced  is  a  brownish  yellow  and  not  fluorescent. 
The  greatest  reading  differential  in  this  concentration  range  is 
found  at  530  mp.  A  plot  of  the  per  cent  transmission  values 
obtained  at  530  mp  against  the  concentration  results  in  a  smooth 
curve  which  is  substantially  a  straight  line  in  conformity  with 
Beer’s  law.  (See  Figure  1.) 


Table  II. 

Per  Cent  Transmission 

Ml.  of 

Mg.  of  DDT 

Sample 

Sample 

Sample 

Average 

Solution 

per  10  Ml. 

I 

II 

hi 

1 

0.2 

77.5 

77.5 

78.0 

79.0 

79.0 

79.0 

78.3 

2 

0.4 

60.0 

62.0 

60.5 

61.0 

62.5 

59.0 

60.8 

3 

0.6 

48.5 

51.0 

47.0 

47.0 

50.5 

46.5 

48.4 

4 

0.8 

39.0 

42.5 

38.5 

38.0 

41.5 

37.0 

39.4 

5 

1.0 

31.5 

33.5 

31.5 

31.0 

34.0 

30.5 

32.0 

DISCUSSION 

The  per  cent  transmission  when  plotted  on  semilog  paper 
against  the  concentration  results  in  a  curve  indicating  obedience 
to  Beer’s  law  in  the  transmission  range  32.0  to  78.33.  The  re¬ 
producibility  of  the  values  is  shown  by  the  close  agreement  ob¬ 
tained  in  the  separate  determinations.  It  is  thus  possible  to 
determine  an  unknown  quantity  of  DDT  by  dissolving  in  benzene 
and  using  the  Friedel-Crafts  reaction  as  described.  The  per  cent 
transmission  of  the  colored  compound  produced  is  read  in  the 
photoelectric  colorimeter  at  420  m p.  This  value,  interpolated  on 


Figure  1.  Transmission-Concentration  Curve  for  DDT 
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the  standard  curve,  gives  the  concentration  of  DDT.  The  use  of 
an  alternate  solvent,  ethylene  chloride,  having  a  peak  absorption 
of  530  m/i  is  described. 
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Determination  of  Glycerol 

In  the  Presence  of  Large  Concentrations  of  Gelatin 

CARL  J.  WESSEL,  STANLEY  W.  DRIGOT,  and  GEORGE  W.  BEACH,  Gelatin  Products  Corporation,  Detroit,  Mich. 


In  a  convenient  method  for  the  determination  of  glycerol  in  gelatin 
the  gelatin  is  precipitated  with  sodium  tungstate  in  an  acid  medium 
and  the  filtrate  analyzed  for  glycerol  by  the  official  method  of  the 
A.O.A.C.  An  arithmetic  mean  of  99.62%  recovery  and  a  standard 
deviation  of  ±0.43  were  found  for  representative  determinations. 

T~  HE  common  gelatin  capsule  shell  is  composed  of  only  a  few 
constituents— gelatin,  glycerol,  dyes,  water,  and  a  preserva¬ 
tive.  In  some  instances,  not  considered  in  this  report,  plasticizers 
other  than  glycerol  may  be  present. 

Since  the  concentration  of  preservative  and  dye  is  usually  so 
small  as  to  be  negligible,  the  presence  of  these  substances  may  be 
disregarded.  It  is,  therefore,  necessary  only  to  remove  the  gela¬ 
tin  and  measure  the  glycerol  by  one  of  the  many  quantitative 
methods  in  the  literature. 

Many  of  the  available  procedures  for  removing  protein  from 
aqueous  preparations  were  tried — namely,  extractions  with  ace¬ 
tone,  alcohol,  and  water,  precipitation  with  a  petroleum  ether- 
acetone  mixture,  metaphosphoric  acid,  saturated  ammonium 
sulfate,  heavy  metal  salts,  and  10%  sodium  tungstate.  All  were 
unsatisfactory,  with  the  exception  of  sodium  tungstate,  which 
was  most  efficient  in  removing  the  gelatin.  The  filtrate  was  then 
analyzed  for  glycerol  by  the  method  of  the  A.O.A.C.  (/). 

The  biuret  test  was  used  to  determine  completeness  of  pre¬ 
cipitation  with  colorless  solutions,  whereas  with  colored  solutions 
it  was  necessary  to  add  an  excess  of  sodium  tungstate  to  the 
filtrate. 

REAGENTS 

Ether,  reagent  grade,  10  N  sulfuric  acid,  and  concentrated 
sulfuric  acid. 

Sodium  tungstate  solution,  100  grams  dissolved  in  sufficient 
distilled  water  to  make  1  liter.  If  a  precipitate  forms  on  stand¬ 
ing,  it  may  be  filtered  off. 

Strong  potassium  di chromate  solution.  Dissolve  74.55  grams 
of  dry,  recrystallized  potassium  dichromate  in  water,  add  loO  ml. 
of  concentrated  sulfuric  acid,  cool,  and  dilute  with  water  to  1  liter 
at  20°  C.  One  milliliter  of  this  solution  is  equivalent  to  0.01 
gram  of  glycerol  ( 1 ).  Owing  to  its  high  coefficient  of  expansion, 
it  is  necessary  to  make  all  volumetric  measurements  of  the  solu¬ 
tion  at  the  same  temperature  at  which  it  is  diluted  to  volume. 

Dilute  potassium  dichromate  solution.  Measure  50  ml.  ofjhe 
strong  dichromate  solution  into  a  1-liter  volumetric  flask  at  20°  C. 
and  dilute  to  the  mark  with  water  at  room  temperature  ( 1 ). 

Ferrous  ammonium  sulfate  solution.  Dissolve  30  grams  of  re¬ 
crystallized  ferrous  ammonium  sulfate  in  water,  add  50  ml.  of 
concentrated  sulfuric  acid,  cool,  and  dilute  with  water  to  1  liter 
at  room  temperature.  One  milliliter  of  this  solution  is  equivalent 
to  approximately  1  ml.  of  dilute  potassium  dichromat.e.  The 
value  changes  slightly  from  day  to  day,  so  that  it  must  be  stand¬ 
ardized  daily  against  the  dilute  potassium  dichromate  (1). 


Diphenylamine  indicator.  Dissolve  1  gram  of  diphenylamine 
in  100  ml.  of  concentrated  sulfuric  acid  (/). 

Retarder.  Dilute  150  ml.  of  sirupy  phosphoric  acid  with  600 
ml.  of  distilled  water  and  add  250  ml.  of  concentrated  sulfuric 
acid  ( 1 ). 

PROCEDURE 

It  was  found  that  pH  values  were  not  a  simple  guide  to  the 
precipitation  limits  of  gelatin  with  sodium  tungstate.  Therefore 
these  limits  were  determined  empirically  by  the  quantities  of 
sulfuric  acid  and  sodium  tungstate  necessary  to  effect  complete 
precipitation. 

The  formula  presented  is  adequate  for  removing  gelatin  in  con¬ 
centrations  as  high  as  70%  in  the  gelatin-glycerol  test  material: 

Test  material  (glycerol  content  25%)  1.4  grams  . 

10  N  sulfuric  acid  14  ml. 

10%  sodium  tungstate  32  ml. 

Distilled  water  q.s.  100  ml. 

When  the  test  materials  are  gelatin  capsules,  a  suitable  number 
are  opened,  the  contents  removed,  and  the  shells  washed  with 
ether  until  all  foreign  matter  is  eliminated.  Enough  capsule 
material  to  furnish  a  glycerol  equivalent  of  0.35  gram  is  weighed 
into  a  100-ml.  volumetric  flask,  and  distilled  water  is  added  to 
dissolve  it,  followed  by  10  N  sulfuric  acid  and  tungstate  m  the 
order  mentioned.  (If  the  character  of  the  sample  is  such  that  it 
may  be  difficult  to  weigh  directly  into  a  volumetric  flask,  it  is 
expedient  to  make  a  stock  solution  and  take  aliquots  therefrom. ) 
After  diluting  to  the  mark  with  distilled  water,  the  flask  is  shaken 
by  hand  for  5  minutes  to  break  up  large  lumps  of  precipitate,  then 
placed  on  a  shaking  machine  for  5  minutes  (270  oscillations  per 
minute),  transferred  to  a  250-ml.  centrifuge  tube,  and  centrifuged 
for  5  minutes  at  2000  r.p.m.  The  supernatant  is  filtered  through 
Whatman  No.  4  filter  paper  and  a  20-ml.  aliquot  taken  for  the 

oxidation.  0  „ 

Twelve  milliliters  of  strong  dichromate,  measured  at  2U  L 
are  added  to  the  aliquot  in  the  100-ml.  oxidation  flask,  followed 
by  10  ml.  of  concentrated  sulfuric  acid.  The  flask  is  placed  in  a 
boiling  water  or  steam  bath  for  20  minutes,  removed,  cooled  to 
20°  C.,  and  diluted  to  the  mark  with  distilled  water  (solution  S). 

The’ ferrous  ammonium  sulfate  solution  is  standardized  by 
pipetting  20  ml.  into  a  250-ml.  beaker,  and  adding  20  ml.  of  re¬ 
tarder,  4  drops  of  indicator,  and  approximately  100  ml.  of  dis¬ 
tilled  water.  This  solution  is  titrated  rapidly  with  dilute  potas¬ 
sium  dichromate  solution  until  a  dark  green  color  is  produced. 
The  dichromate  is  then  added  dropwise  until  the  color  changes 
from  green  to  blue-gray  to  deep  violet.  This  is  the  a  titer,  made 
daily  to  standardize  the  ferrous  ammonium  sulfate  solution. 

To  measure  the  amount  of  excess  dichromate  left  in  solution  b, 
a  similar  ferrous  ammonium  sulfate  solution  is  made  up  and 
titrated  to  the  diphenylamine  end  point  with  solution  S.  This 

titer  is  called  b.  . 

A  small  bull’s-eye  lamp  focused  on  the  solution  is  an  aid  in 
determining  color  changes  in  colored  solutions. 
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Table  I.  Glycerol  Loss  after  Precipitation  and  during  Oxidation 


Stock  Glycerol  Added 


Glycerol  Present  before 
Precipitation  of  Gelatin 

after  Precipitation  of 
Gelatin 

Recovery 

Gram 

Gram 

ye¬ 

0 . 0000 

0.2015 

gg.  i 

0.0385“ 

0.1612 

99.2 

0.0771“ 

0.1209 

99.4 

0.1156“ 

0 . 0806 

99 . 5 

0.1542“ 

0 . 0403 

99.3 

0.1927“ 

0 . 0000 

99.4 

0. 1153* 

0 . 0604 

100.4 

0.11531' 

0.1209 

99.6 

0. 1153 1> 

0.1813 

99.4 

“  In  gelatin-glycerol  test  preparation. 
b  In  capsule-shell  solution. 


The  amount  of  glycerol  present  in  the  20-ml.  aliquot  taken  for 
oxidation  is  calculated  by  the  following  formula: 

G  =  (^D  —  ^  X  0.01 

G  =  grams  of  glycerol 
D  =  ml.  of  strong  dichromate  used 

In  order  to  determine  the  amount  of  glycerol  present  in  the 
original  100-ml.  sample,  multiply  the  answer  by  5. 

RELIABILITY  OF  METHOD 

The  A.O.A.C.  method  (1)  gave  satisfactory  results  with  known 
solutions  of  glycerol,  whose  concentrations  were  determined 
refractometrically.  In  a  series  of  seven  determinations,  the  per 
cent  recovery  average  was  100.1  and  standard  deviation  ±0.16. 

Since  there  is  a  possibility  of  losing  glycerol  during  the  oxidation 
process,  it  was  decided  to  add  known  quantities  of  a  stock  glycerol 
solution  to  the  regular  test  preparation  after  precipitation  of  the 
gelatin  to  determine  if  recoveries  are  quantitative.  Identical 
recovery  experiments  were  also  performed  with  gelatin-glycerol 
solutions  obtained  from  gelatin  capsules.  The  results  are  sum¬ 
marized  in  Table  I. 

The  gelatin  was  precipitated  from  the  gelatin-glycerol  solutions 
and  aliquots  corresponding  to  the  various  weights  of  glycerol 
listed  in  the  first  column  were  taken  for  oxidation. 

A  stock  glycerol  solution,  composition  determined  refracto¬ 
metrically,  corresponding  to  one  prepared  for  oxidation  by  re¬ 
moval  of  gelatin,  was  added  in  varying  amounts  to  the  filtrates  of 
the  gelatin-free  solutions.  These  quantities  are  indicated  in  the 
second  column. 

The  recoveries  of  Table  I  are  very  good.  The  results  compare 
favorably  with  the  arithmetic  mean  and  standard  deviation  data 
cited  at  the  end  of  this  paper. 

Recovery  experiments  were  carried  out  with  glycerol  addition 
before  precipitation  to  determine  if  any  glycerol  is  carried  down 
by  the  precipitation  of  gelatin  with  sodium  tungstate  (Table  II). 
It  was  necessary  to  add  increased  quantities  of  strong  dichromate 
solution  to  maintain  the  proper  excess  during  oxidation  of  the 
larger  amounts  of  glycerol. 

Table  II  indicates  that  the  recovery  of  glycerol  is  good  when 
the  added  glycerol  is  carried  through  the  precipitation  stage. 

Tests  were  performed  to  determine  if  any  glycerol  loss  occurs 
when  the  centrifugate,  containing  suspended  particles  of  the 
precipitate,  is  filtered  through  Whatman  No.  4  filter  paper  prior 
to  oxidation. 

The  first  two  50-ml.  portions  of  the  filtrate  from  a  gelatin  cap¬ 
sule  solution  gave  respectively,  29.4,  29.3,  and  29.2,  29.2%.  The 
tests  were  performed  in  duplicate.  There  was  no  significant 
change  in  glycerol  content  in  the  two  portions,  indicating  that 
glycerol  loss  due  to  adsorption  on  Whatman  No.  4  filter  paper  is 
negligible. 

The  A.O.A.C.  procedure  specifically  recommends  a  74%  excess 
of  strong  dichromate  in  the  solution  to  be  oxidized  for  best  results 
with  diphenylamine  indicator.  This  point  was  investigated 
further  to  see  if  it  is  applicable  to  the  problem. 


The  glycerol  content  of  a  series  of  stock  solutions  was  deter¬ 
mined,  utilizing  various  amounts  of  strong  dichromate  solution. 
In  addition,  the  effect  of  a  one-drop  excess  at  the  end  point  was 
noted  (Table  III). 

PROCEDURE  AND  DISCUSSION 

The  composition  of  the  glycerol  solution  was  determined  re¬ 
fractometrically. 

The  glycerol  and  strong  dichromate  were  measured  by  weight 
and  the  volume  of  the  strong  dichromate  was  determined  from  its 
specific  gravity  at  20°  C. 

Calibration  corrections  on  burets  were  used;  corrections  on 
pi  pets  and  volumetric  flasks  were  insignificant. 

The  b  titer  is  the  amount  of  solution,  after  oxidation,  containing 
the  excess  dichromate.  This  solution  was  used  to  titrate  the 
ferrous  ammonium  sulfate. 

The  b  +  0.05  column  represents  the  b  titer  plus  a  one-drop 

6XC6SS. 

Column  seven  represents  the  increase  in  per  cent  glycerol  calcu¬ 
lated  on  the  basis  of  the  one-drop  excess  at  the  end  point;  it 
shows  the  effect  of  a  larger  excess  of  strong  dichromate  on  the 
accuracy  of  the  results. 

The  A.O.A.C. -recommended  excess  of  74%  is  satisfactory,  but 
an  excess  as  high  as  120%  will  not  seriously  affect  the  accuracy  of 
the  results,  whereas  a  40%  excess  is  too  low,  as  a  large  titer  is 
required  and  the  end  point  is  not  sharp. 

Details  regarding  the  indicator  are  given  by  Kolthoff  and  co¬ 
workers  (3,  J+,  5). 

Table  III  also  clarifies  the  effect  of  the  last  drop  in  the  titration 
on  the  accuracy  of  the  method,  especially  in  the  case  of  an  un¬ 
usually  large  excess  of  strong  dichromate  solution. 

The  A.O.A.C.  method  indicated  an  exact  20-minute  interval 
for  immersion  of  the  oxidation  flask  and  contents.  It  was  found 
that  an  interval  varying  from  10  to  30  minutes  gives  equally 
satisfactory  results.  The  20-minute  period  is,  however,  recom¬ 
mended  as  a  safe  value. 

PRECISION  OF  METHOD 

Representative  results  of  determinations  made  with  pure 
gelatin-glycerol  solutions  and  those  obtained  from  capsules  are: 

100.7,  99.9,  99.4,  99.3,  99.5,  99.4,  99.2,  and  99.1%  with  pure 
gelatin-glycerol  solutions. 


Table  II.  Recovery  Experiments  with  Glycerol  Added  before 

Precipitation 


Glycerol  Present3  be¬ 
fore  Precipitation  of 
Gelatin 

Glycerol  Added  be¬ 
fore  Precipitation  of 
Gelatin 

Strong 

Dichromate 

Added 

Recovery 

Gram 

Gram 

Ml. 

% 

0 . 0000 

0.1712 

30.0 

100  0 

0.0000 

0.1712 

30.0 

100  0 

0. 1129 

0 . 0000 

25.0 

100.0 

0.1129 

0.0632 

31.0 

98.9 

0  1129 

0.1264 

37.0 

100  0 

0.1129 

0.1895 

43.5 

100  5 

0.1137 

0.1141 

36.0 

99.7 

0.1140 

0  0570 

30.0 

99.3 

0.1140 

0.1712 

41.0 

99.2 

a  From  capsule  shells. 


Table  III.  Effect  of  Excess  Dichromate  on  End  Point  and  Accuracy 


Sample 

Glycerol 

Used 

Recovery 

of  Results 

Excess  Strong 
Dichromate 
Used 

b 

b  +  0.05 

Increase 

in 

Glycerol 

1 

Gram 

0.0674 

% 

100.1 

% 

10 

166.68 

166.73 

% 

0 

2 

0.0668 

99.7 

20 

81.98 

82.03 

0 

3 

0.0668 

100.4 

40 

38.70 

38.75 

0.1 

4 

0 . 0669 

100.1 

74 

20.52 

20.57 

0  1 

5 

0.0667 

100  3 

80 

18.74 

18.79 

0. 1 

6 

0.0670 

99.5 

120 

12.65 

12.70 

0 . 5 

7 

0.0667 

105  3 

160 

9.73 

9.78 

0.9 

8 

0.0672 

106.5 

200 

7.81 

7  86 

1.3 

9 

0.0672 

107.5 

240 

6.57 

6.62 

1.8 

10 

0.0671 

106.4 

280 

5.48 

5 . 53 

2 . 6 

11 

0.0672 

108.9 

320 

4.66 

4.71 

3.4 
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99.9,  99.6,  100.4,  99.4,  99.3,  99.8,  and  99.3%  with  gelatin- 
glycerol  solutions  obtained  from  gelatin  capsules. 

The  arithmetic  mean  of  all  these  determinations  is  99.62%  (£). 
The  standard  deviation  is  ±0.43. 


SUMMARY 

A  method  for  the  determination  of  glycerol  in  the  presence  of 
large  quantities  of  gelatin  has  been  developed  to  determine  the 
glycerol  content  of  gelatin  capsules  that  also  contain  water  and 
insignificant  amounts  of  preservative  and  dye  which  do  not 
affect  the  results  of  the  analysis.  After  removal  of  the  gelatin  by 
precipitation  as  the  tungstate,  the  glycerol  content  is  determined 
by  the  official  method  of  the  A.O.A.C.  The  results  obtained  are 


consistent  and  duplicable.  The  arithmetic  mean  of  representa¬ 
tive  determinations  is  99.62%,  while  the  standard  deviation  is 
*0.43. 
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Determination  of  the  Capacity  of  Shallow  Jars 


EARLE  R.  CALEY 

Wallace  Laboratories,  Inc.,  New  Brunswick,  N.  J. 


THE  accurate  and  rapid  determination  of  the  true  capacity 
of  shallow  jars  of  small  volume  commonly  used  as  containers 
for  certain  cosmetic  and  pharmaceutical  products  is  not  so  simple 
as  may  first  appear.  In  contrast  to  volumetric  flasks  or  specific 
gravity  bottles,  the  orifice  of  such  containers  is  great  as  .compared 
to  their  volumetric  capacity,  and  thus  errors  due  to  meniscus 
effects  are  greatly  exaggerated  when  standard  calibrating  liquids 
such  as  water  or  mercury  are  used.  Moreover,  it  is  not  easy  to 
determine  experimentally  with  accuracy  the  exact  point  at  which 
such  vessels  are  truly  filled — the  point  at  which  the  level  of  the 
calibrating  liquid  corresponds  to  that  of  an  ideal  plane  deter¬ 
mined  by  the  top  surface  of  the  rim. 

An  obvious  method  of  restricting  the  level  when  water  is  used 
as  a  calibrating  liquid  is  to  fill  the  jar  to  overflowing,  and  to 
slide  onto  the  top  of  the  jar  a  square  of  plate  glass  in  such  a  way 
as  to  exclude  air  bubbles.  Excess  water  may  then  be  removed 
from  the  outside  of  the  jar  and  underside  of  the  plate  by  careful 
wiping,  and  the  capacity  determined  immediately  from  the 
difference  in  weight  between  the  empty  and  filled  system.  How¬ 
ever,  this  simple  and  relatively  quick  procedure,  which 
is  often  used  in  practice,  gives  noticeably  high  results, 
in  part  because  of  the  inclusion  of  the  weight  of  water 
contained  in  a  meniscus  that  forms  between  the  outer 
edge  of  the  rim  and  the  glass  plate. 

More  accurate  results  are  obtained  if  the  weight  of 
the  filled  system  is  determined  after  standing  long 
enough  to  allow  the  water  in  this  outside  meniscus 
to  evaporate.  A  positive  error  may  still  remain,  how¬ 
ever,  because  of  inclusion  of  the  weight  of  water  that 
remains  between  the  top  and  the  rim  and  the  glass 
plate.  If  the  rim  is  flat  and  wide  on  top,  a  common 
form,  this  error  may  be  of  appreciable  magnitude. 

The  results  of  trial  determinations  on  two  commer¬ 
cial  jars  by  this  method  are  shown  in  Table  I.  The 
averages  shown  and  the  average  deviations  are  based 
upon  six  successive  trials.  I  was  a  glass  jar  with  a 
slightly  rounded  rim  of  ordinary  width;  II  was  a  plastic 
jar  with  a  flat  rim  of  more  than  ordinary  width.  All 
the  volumetric  capacities  shown  in  the  table  are  uni¬ 
formly  based  on  20°  C.  as  the  standard  temperature. 

It  will  be  seen  that  the  initially  determined  capacities 
are  appreciably  higher  than  those  found  after  allowing 
the  water  in  the  outer  meniscus  to  evaporate.  In  these 
experiments  the  appearance  of  the  first  minute  bubble 
of  air  under  the  glass  plate  next  to  the  rim  was  taken 
as  the  indication  of  complete  evaporation  of  this 
water. 


E 

to 

(5 


With  jars  having  a  smooth  flat  rim,  this  point  may  also  be  de¬ 
termined  by  following  the  decrease  in  the  weight  of  the  system 
with  time,  relative  constancy  of  weight  being  maintained  for  a 
considerable  interval  after  evaporation  of  the  last  portions  of 
water  from  the  meniscus.  Illustrative  of  this  are  the  curves  in 
Figure  1,  which  show  the  loss  in  weight  during  the  first  two 
trials  with  jar  I .  taken  at  5-minute  intervals.  Determination  of 
the  end  point  from  the  appearance  of  the  first  minute  bubble  of 
air  is  less  laborious,  however,  and  at  least  equally  accurate.  It 
may,  indeed,  be  slightly  more  accurate,  since  the  volume  of  water 
displaced  by  the  air  bubble  is  partly  compensated  by  the  volume 
of  the  remnants  of  the  film  of  water  that  ordinarily  still  remains 
between  the  top  of  the  rim  and  the  glass  plate  at  the  time  the 
bubble  appears.  At  any  rate,  ihe  results  of  determination  of 
capacity  with  water  shown  by  Table  I  are  much  more  precise 
if  time  is  allowed  for  evaporation  of  water  from  the  outside,  and 
they  are  undoubtedly  much  more  accurate.  This  is  evident  both 
from  the  above  discussion  and  from  a  comparison  with  the  re¬ 
sults  of  the  determination  of  the  capacities  of  the  same  jars  with 


E 

« 

6 


20 


40 


100 


120 


140 


Figure  1 . 


60  80 
Time  in  mingles 

Loss  in  Weight  with  Time  and  Final  Temporary  Constancy  before 
Appearance  of  Bubble,  B 


July,  1945 


ANALYTICAL  EDITION 


443 


Table  I.  Results  of  Experiments  on  Determination  of  Capacity 
of  Shallow  Jars  by  Different  Methods 


Method0 


Average  Capacity  and  Average  Deviation 


E 


Jar  I 
Ml. 

4.917 

0.013 

4.895 

0.0010 

4.871 
0 . 0003 

4.80 

0.020 

4.82 

0.034 

4.89 

0.015 


Jar  II 
Ml. 

3.489 

0.016 

3.451 

0.0018 

3.457 

0.0003 

3.41 
0.026 

3.43 

0.018 

3.42 
0.010 


Jar  III 
Ml. 


2.793 

0.0003 

2.72 

0.022 

2.72 

0.038 

2.80 

0.011 


Jar  IV 
Ml. 


4.308 

0.0012 

Taken  as 
standard 


Average 
of  Av. 
Deviations 

Ml. 

0  015 

0.0014 

0.0005 

0.023 

0.030 

0.012 


Time  Re¬ 
quired  for 
Single  Deter¬ 
mination 

Min. 

15-20 

60  + 


15-20 


5-10 


5-10 


Ease  of 
Deter¬ 
mination 


Fair 

Fair 


Poor 


Good 

Good 


Good 


Initial  weight  used. 
Final  weight  taken. 


1  A.  Gravimetrically  with  water  and  glass  plate. 

B.  Gravimetrically  with  water  and  glass  plate. 

C.  Gravimetrically  with  mercury. 

D.  Gravimetrically  with  lead  shot  and  scraper.^ 

E.  Volumetrically  with  ordinary  buret  and  no  indicating  device. 

F.  Volumetrically  with  microburet  and  perforated  glass  plate  as  an  indicating  device. 


Table  II.  Reproducibility  of  Fill  with  Fine  Lead  Shot 


Trial 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Weight  of  Shot 

Corresponding 

When  Filled  Level 

Capacity 

Grama 

Ml. 

27.79 

4.31 

27.70 

4.29 

27.76 

4.30 

27.84 

4.31 

27.93 

4.33 

27.68 

4.29 

27.87 

4.32 

27.99 

4.34 

27.70 

4.29 

27.84 

4.31 

Av.  27.81 

4.31 

iation  0 . 084 

0.013 

mercury,  shown  next  in  the  table.  Though  accurate  and  precise 
results  may  thus  be  obtained  gravimetrically  by  the  use  of  water 
as  a  calibrating  medium,  this  method  is  much  too  slow  for  routine 
work.  Even  the  approximate  method  based  upon  the  weight 
of  the  water  initially  contained  in  the  jar  is  a  little  too  slow  and 
cumbersome  for  routine  control  work  where  the  capacity  of  a 
large  number  of  jars  must  be  determined  rapidly. 

When  mercury  is  similarly  used  as  the  calibrating  medium, 
no  error  occurs  from  the  formation  of  an  outside  meniscus  and 
generally  none  of  the  calibrating  medium  is  trapped  between  the 
top  of  the  rim  and  the  glass  plate.  The  actual  procedure  is  to 
pour  mercury  into  a  weighed  jar  until  it  is  full  to  overflowing  and 
then  to  place  a  very  clean  glass  plate  on  top  and  press  down 
firmly  to  squeeze  out  the  excess  of  mercury.  After  mercury 
globules  are  brushed  away  from  the  outside  of  the  jar,  the  plate 
is  lifted  off  and  the  weight  of  the  mercury  found.  Manipulation 
is  difficult  if  the  plate  is  left  in  place  for  weighing,  since  one  of 
convenient  size  and  weight  floats  on  the  mercury  surface,  and 
even  a  larger  and  heavier  one  has  a  marked  tendency  to  slide  off. 
Determinations  of  the  capacities  of  the  same  two  jars  used  in  the 
experiments  with  water  as  a  calibrating  medium  are  shown  in 
Table  I  under  Method  C.  Results  of  experiments  on  two  other 
jars  are  also  shown.  Jar  III  was  of  exceptionally  small  capacity 
and  IV  an  experimental  jar  prepared  from  a  commercial  jar  by 
grinding  down  the  rim  so  as  to  make  it  very  even.  With  water 
the  capacity  of  jar  IV  was  found  to  be  4.310  ml.  Determinations 
with  mercury  as  the  calibrating  medium  are  very  precise  and  are 
probably  very  accurate.  Unfortunately,  determination  of  the 
capacity  of  such  jars  by  this  method  is  not  free  from  manipula¬ 
tive  difficulty  and  is  not  very  well  suited  to  rapid  routine  work. 
Unlike  determinations  with  water  as  a  calibrating  medium,  those 
with  mercury  may,  however,  be  made  with  ample  accuracy  for 


routine  control  purposes  by  weighing  on  an 
ordinary  laboratory  scale  sensitive  to  0.1  gram 
instead  of  on  an  analytical  balance. 

LEAD  SHOT  AS  CALIBRATING  MEDIUM 

A  method  that  avoids  the  manipulative 
difficulties  of  working  with  mercury  and  at 
the  same  time  makes  possible  weighing  on  an 
ordinary  laboratory  scale  is  based  upon  the 
use  of  very  fine  lead  shot  as  a  calibrating 
medium.  At  first  thought  this  sort  of  method 
may  not  appear  to  possess  much  promise  of 
either  precision  or  accuracy,  but  actual  ex- 
5-10  •  Good  periments  showed  that  useful  results  may  be 

obtained. 

The  procedure  is  first  to  weigh  the  empty 
jar,  place  it  in  a  level,  shallow  cardboard  tray 
or  other  suitable  receptacle,  and  pour  into  it 
fine  lead  shot  from  a  container  held  just  above 
it  until  the  cavity  in  the  jar  is  filled  to  over¬ 
flowing.  Then  the  shot  is  leveled  off  by 
passing  a  straightedge  slowly  across  the  rim 
while  pressing  it  down  firmly.  Finally, 
the  weight  of  shot  contained  in  the  cavity 
is  determined  by  again  weighing.  From  the  apparent  density 
of  the  shot,  found  by  weighing  the  amount  contained  in  a  jar 
accurately  calibrated  with  water  or  mercury,  the  volumetric 
capacity  of  a  given  jar  is  readily  calculated. 

It  is  essential  for  successful  results  by  this  method  that  shot 
of  very  small  diameter  be  used,  such  as  that  commonly  sold  for 
the  filling  of  tare  bottles  in  microanalysis.  The  average  diam¬ 
eter  of  the  shot  should  not  exceed  1.0  mm.,  which  was  the  aver¬ 
age  diameter  of  the  shot  used  in  the  experiments  here  described 
Furthermore,  a  fixed  procedure  for  filling  and  leveling  must  be 
rigidly  followed,  and  the  capacity  of  the  jar  being  tested  must  be 
approximately  that  of  the  one  taken  as  the  standard. 

In  Table  II  is  shown  the  result  of  an  experiment  to  test  the 
precision  of  this  method.  Jar  IV  was  used  and  the  capacities 
shown  are  based  upon  the  average  capacity  as  equal  to  that 
found  by  water  and  mercury  calibration.  On  a  single  jar  the 
precision  is  adequate  for  practical  testing  purposes.  In  Table  I 
appear  the  results  of  actual  determinations  on  commercial  jars, 
using  the  average  result  obtained  on  jar  IV  as  the  standard. 
Ten  trials  were  made  on  each  jar.  The  capacities  found  are  in 
fairly  satisfactory  agreement  with  those  found  by  the  use  of 
mercury,  except  for  jar  III  where  there  is  a  difference  of  over  0.1 
ml.  between  the  average  results.  This  illustrates  the  necessity 
of  using  as  a  standard  a  jar  having  a  capacity  close  to  that  of  the 
sample  jar.  In  practice  a  calibration  curve  constructed  from  the 
results  on  a  series  of  jars  of  known  capacities  is  convenient  for 
calculating  the  results  of  capacity  determinations  by  this  method. 

The  capacities  of  these  small  shallow  jars  may  be  rapidly  esti¬ 
mated  volumetrically  by  means  of  a  buret,  the  jars  being  placed 
on  a  leveling  table  for  filling.  When  an  ordinary  buret  is  used 
and  the  coincidence  of  the  level  of  the  liquid  and  the  rim  is 
judged  by  sighting  across  the  top  of  the  jar  when  at  the  level  of 
the  eye,  the  results  are  neither  very  precise  nor  very  accurate, 
as  are  indicated  by  the  data  in  Table  I,  Method  E.  These  were 
obtained  by  a  single  observer  from  ten  trials  on  each  jar.  An¬ 
other  observer  working  similarly  found  an  average  capacity  of 
3.35  ml.  with  an  average  deviation  of  0.028  ml.  for  jar  II,  and  an 
average  capacity  of  2.72  ml.  with  an  average  deviation  of  0  020 
ml.  for  jar  III.  In  order  to  eliminate  these  marked  personal 
errors  of  observation,  some  mechanical  means  of  indicating  the 
point  of  proper  fill  must  be  used. 

The  use  of  a  straightedge  or  a  taut  wire  placed  across  the  rim 
is  not  satisfactory,  since  the  calibrating  liquid  is  usually  drawn 
up  by  capillary  action  to  form  a  continuous  surface  across  the 
bottom  of  the  straightedge  or  wire  before  the  jar  is  completely 
filled,  thus  giving  a  premature  indication  of  the  end  point 
For  example,  one  observer  found  by  the  use  of  a  straightedge 
an  average  capacity  of  only  4.62  ml.  with  an  average  deviation 
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of  0.052  ml.  for  jar  I,  and  an  average  capacity  of  2.56  ml.  with 
an  average  deviation  of  0.028  ml.  for  jar  III. 

The  most  satisfactory  device  was  a  square  of  plate  glass  with 
a  central  hole  about  5  mm.  in  diameter.  In  use  this  perforated 
plate  is  placed  on  a  jar  with  the  tip  of  the  buret  at  the  top  of  the 
hole,  and  water  is  run  in  until  it  just  reaches  the  bottom  of  the 
hole.  Care  must  be  taken  that  no  air  bubbles  are  trapped  under 
the  plate,  and  it  is  sometimes  necessary  to  tip  the  assembly 
slightly  in  order  to  bring  trapped  air  bubbles  to  the  hole.  Obser¬ 
vation  is  much  facilitated  if  the  water  is  colored  with  a  suitable 
dye,  and  accuracy  is  increased  if  the  rim  is  greased  slightly  with 
stopcock  grease  before  the  perforated  plate  is  placed  on  the  jar. 

In  Table  I  under  Method  F  appears  a  series  of  results  obtained 
by  this  means,  a  microburet  being  used  to  increase  accuracy. 


Again  ten  trials  on  each  jar  were  made.  By  comparing  these 
results  with  those  under  Method  E,  their  superiority  in  both  ac¬ 
curacy  and  precision  will  be  evident.  For  routine  work,  this 
volumetric  method  is  sufficiently  rapid,  and  the  results  are 
ample  in  accuracy  for  commercial  purposes.  Of  the  method-; 
here  described  it  is  probably  to  be  preferred  for  routine  control 
purposes. 
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Polarographic  Determination  of  Iron  and  Zinc  in 

Phosphate  Coatings 
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A  polarographic  method  for  the  simultaneous  determinations  of  iron 
and  zinc  in  commercial  phosph  te  coatings  has  been  developed. 
The  analyses  are  conducted  in  a  supporting  electrolyte  containing 
0.3  molar  ammonium  oxalate.  The  calibration  charts  for  iron  and 
zinc  are  presented  in  order  that  in  similar  analyses  the  iron  and  zinc 
content  can  be  calculated  from  them.  Complete  analysis  for  iron 
and  zinc  can  be  completed  in  less  than  one  hour. 


THE  need  for  a  method  for  determining  the  composition  of 
phosphate  coatings  on  ferrous  surfaces  has  long  been  recog¬ 
nized.  Present  methods  of  appraisal  of  phosphate  coatings  are 
based  on  accelerated  breakdown  tests  or  microscopic  examination. 
Salt  spray  tests  are  being  used  to  compare  the  relative  protection 
of  phosphate  coatings,  but  are  not  indicative  of  the  composition 
of  the  coating,  and  are  not  necessarily  a  reliable  index  of  the 
thickness  of  the  coating.  Microscopic  examinations  are  difficult, 
time-consuming,  and  limited  in  application  by  many  factors. 


Although  the  determination  of  the  composition  of  phosphate 
coatings  will  not  give  the  thickness,  density,  or  relative  protec¬ 
tion  of  the  films,  such  analyses  will  give  the  per  cent  by  weight  of 
iron  and  zinc  phosphates  in  the  coating.  By  removing  the  coat¬ 
ing  from  a  unit  area,  the  relative  amounts  of  the  iron  and  zinc 
phosphates  in  different  phosphate  coatings  can  be  compared  by 
the  method  described  in  this  paper. 

In  order  to  obtain  a  sample  for  the  analysis  of  the  phosphate 
coating  on  a  metal  article  such  as  a  machine  gun  link,  it  is  neces¬ 
sary  to  scrape  a  small  amount  of  the  unoiled  phosphate  crystals 
from  the  surface.  As  only  a  few  milligrams  of  coating  will  be 
available  for  analysis  in  many  instances,  a  method  was  desired 


by  which  a  simultaneous  determination  of  iron  and  zinc  could  be 
obtained  on  a  sample  of  a  few  milligrams.  The  use  of  a  polaro¬ 
graphic  method  appeared  feasible. 

An  examination  of  a  table  of  half-wave  potentials  of  inorganic 
substances  ( 1 )  revealed  that  zinc  has  a  half-wave  potential  in 
0.3  molar  ammonium  oxalate  at  —1.30  volts,  and  iron  (both 
ferrous  and  ferric)  has  a  half-wave  potential  at  —0.24  volt  in  1 
molar  potassium  oxalate.  It  was  decided,  therefore,  to  investigate 
the  possibility  of  polarizing  phosphate  coatings  containing  iron 
and  zinc  in  0.3  molar  ammonium  oxalate  solutions.  Some  pre¬ 
vious  work  with  iron  and  zinc  in  0.3  molar  ammonium  oxalate 
solution  in  this  laboratory  had  shown  that  sharp  curves  should  be 
obtained  for  both  iron  and  zinc  without  interference  due  to  the 
presence  of  both  metals.  The  half-wave  potential  of  iron  in  this 
electrolyte  was  found  to  be  —0.305  volt,  and  of  zinc  —1.406  volts. 
The  iron  remained  in  solution  in  the  slightly  ammoniacal  ammo¬ 
nium  oxalate  solut  ions  used  in  the  experiments. 


Curve 

Table  1. 

Zn  in 

Analysis  of  Standard  Zinc  Soluti 

(Shunt,  none) 

Galvanometer 

ons 

No. 

50  Ml. 
Mg. 

Deflection  Microampere 

Half-^V  ave 
Volts 

2 

0.04 

4 

0.08 

-1.36 

3 

0.08 

7 

0.14 

-1.38 

4 

0.12 

10.7 

0.21 

-1  375 

5 

0.16 

14.4 

0.288 

-1.41 

6 

0.20 

17.8 

0.356 

-1.4 

7 

0.24 

21.3 

0.426 

-1.425 

8 

0.28 

24  5 

0.49 

-1.42 

9 

0.32 

28.1 

0.562 

-1.4 

10 

0.36 

31.5 

0.63 

-1.45 

11 

0.40 

35 

0.70 

-1.45 

12 

0.50 

43.7 

0.874 

-1.4 

Curve 

Table  II. 

Fe  in 

Analysis  of  Standard  Iron  Solutions 

(Shunt,  none) 

Galvanometer 

No. 

50  Ml. 
Mg. 

Deflection 

Microampere 

Half-Wave 

Volt 

14 

0.05 

4.2 

0.084 

-0.300 

15 

0.10 

6.7 

0.134 

-0.285 

16 

0.15 

8.6 

0.172 

-0.285 

17 

0.20 

12.0 

0.240 

-0.300 

18 

0.25 

14.0 

0 . 280 

-0.315 

19 

0.30 

16.1 

0.322 

-0.310 

20 

0.35 

18.7 

0.374 

-0.300 

21 

0.40 

21.3 

0.426 

-0.330 

22 

0.45 

23.3 

0.466 

-0.300 

23 

0.50 

26.0 

0.520 

-0.320 
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PROCEDURE 

In  order  to  obtain  standard  curves  for  iron  and  zinc,  solutions 
were  prepared  containing  0.05  mg.  of  iron  and  0.04  mg.  of  zinc 
per  ml.,  respectively.  The  iron  solution  was  prepared  by  dis¬ 
solving  25  mg.  of  iron  wire  in  3  ml.  of  concentrated  nitric  acid, 
evaporating  to  dryness,  dissolving  in  a  few  milliliters  of  0.75 
molar  oxalic  acid,  and  diluting  to  500  ml. 

The  supporting  electrolyte  was  prepared  by  dissolving  95 
grams  of  oxalic  acid  (C2H2O4.2H2O)  in  a  volumetric  flask  and  di¬ 
luting  to  1  liter  with  distilled  water.  After  20  ml.  of  this  solution 
are  neutralized  with  ammonium  hydroxide  and  diluted  to  50  ml., 
a  0.3  molar  solution  of  ammonium  oxalate  is  obtained. 

The  required  amounts  of  iron  and  zinc  solutions  were  meas¬ 
ured  into  50-ml.  volumetric  flasks  and  20  ml.  of  the  0.75  molar 
oxalic  acid  added  to  each.  Tables  I  and  II  show  the  milligrams 
of  iron  and  zinc  in  all  the  solutions  polarized.  Two  drops  of 
methyl  red  were  added  and  the  solutions  neutralized  by  the  drop- 
wise  addition  of  concentrated  ammonium  hydroxide.  Two 
drops  of  ammonium  hydroxide  were  added  in  excess.  The  solu¬ 
tions  were  then  diluted  to  50  ml.  and  mixed  thoroughly. 


A  5-ml.  aliquot  was  placed  in  the  polarizing  cell;  one  drop  of 
0.05%  glue  and  sufficient  mercury  to  cover  the  bottom  of  the  cell 
were  then  added,  and  oxygen-free  nitrogen  was  bubbled  through 
the  cell  for  7  minutes.  The  solution  was  polarized  from  0  to 
— 1.6  volts  at  77°  F.,  using  a  drop  rate  of  6  seconds.  The  equip¬ 
ment  used  was  a  Leeds  &  Northrup  Electro-Chemograph.  In 
order  to  obtain  maximum  sensitivity,  no  shunt  was  used  in  polar¬ 
izing  the  standard  solutions.  The  cathode  capillary  was  made 
from  Corning  lead  glass  marine  barometer  capillary  tubing  with  a 
lumen  of  0.02  to  0.03  mm. 

The  phosphate  coatings  were  carefully  scraped  from  five  0.50 
caliber  machine  gun  links.  Samples  of  each  coating  weighing 
4  mg.  were  dissolved  in  20  ml.  of  the  0.75  molar  oxalic  acid,  neu¬ 
tralized  with  ammonium-hydroxide  using  2  drops  methyl  red 
indicator  (adding  2  drops  of  ammonium  hydroxide  excess),  and 
diluted  to  50  ml.  The  solutions  were  polarized  as  described  in 
the  preceding  paragraph. 


RESULTS 

The  results  obtained  from  curves  2  through  12,  polarograms  of 
zinc,  are  shown  in  Table  I.  Curve  9  (Figure  1)  is  illustrated  as 
typical  of  these  zinc  curves.  Curve  1  (Figure  2)  was  plotted 
from  the  data  in  Table  I.  The  results  obtained  from  curves  14 
through  23,  polarograms  of  iron,  are  shown  in  Table  II.  Curve 
20  (Figure  3)  is  demonstrated  as  typical  of  these  iron  curves. 
Curve  13  (Figure  4)  was  plotted  from  Table  II. 

The  polarograms  for  both  zinc  and  iron  were  well  defined  in 
these  oxalate  solutions.  Plotting  the  milligrams  of  the  elements 
against  the  galvanometer  deflections  gave  straight  lines  viz., 
curves  1  and  13.  Although  curve  13,  milligrams  of  iron  per 
50  ml.  versus  the  galvanometer  deflection,  is  a  straight  line,  it 


Figure  4.  Iron  Curve 
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Figure  5.  Typical  Phosphate-Coating  Curve 


Table 

III. 

Analysis  of 

Phosphate 

Coatings 

from  0.50 

Caliber 

Machine  Gun 

Links 

(Weight  of  sample,  4  mg.  shunt,  200,000  ohms) 

Curve 

Galvanometer  Micro- 

Half- 

No. 

Link 

Deflection 

ampere 

Fe 

Fe  (PO().2HjO 

Wave 

Mg. 

Volt 

24 

A 

15.4 

0.616 

0.5923 

1.983 

-0.31 

25 

B 

11.1 

0.444 

0.4288 

1.436 

—  0.31 

26 

C 

12.5 

0.500 

0 . 4808 

1.609 

-0.30 

27 

D 

11.8 

0.472 

0.4558 

1.526 

-0.30 

28 

E 

12.1 

0.484 

0.4650 

1.551 

-0.29 

Table 

IV. 

Analysis  of 

Phosphate  Castings 

from  0.50 

Caliber 

Curve 

No. 

Link 

Machine  Gun  Link 

(Weight  of  sample,  4  mg.  shunt,  200,000  ohms) 
Galvanometer  Micro- 

Deflection  amperes  Zn  Znj(P0«).4H20 

Half- 

Wave 

24 

A 

32.0 

1.600 

Mg. 

0.9153 

2.136 

Volts 

-1.365 

25 

B 

18.7. 

0.748 

0.4275 

0.999 

-1.375 

26 

C 

30.6 

1.224 

0.6994 

1.634 

-1.335 

27 

D 

26.0 

1.040 

0.5943 

1.388 

-1.350 

28 

E 

31.2 

1.248 

0.7131 

1.666 

-1.300 

coatings  removed  from  the  five  machine  gun  links  are  shown  in 
Tables  III  and  IV.  The  milligrams  of  zinc  and  iron  were  calcu¬ 
lated  from  the  data  in  Tables  III  and  IV  by  reference  to  curves  1 
and  13.  Curve  24  is  illustrated  (Figure  5)  as  typical  of  these 
phosphate-coating  curves. 

This  polarographic  method  has  not  been  compared  with  any 
wet  methods  of  analysis  for  iron  and  zinc  in  phosphate  coatings, 
and  whether  the  results  obtained  are  in  complete  agreement  is 
not  known  to  the  authors.  It  is  hoped,  however,  to  make  a  com¬ 
parison  at  a  later  date. 


does  not  pass  through  zero,  probably  owing  to  the  presence  of 
some  iron  in  the  distilled  water  used  in  the  experiments. 

The  results  obtained  from  the  polarograms  of  the  phosphate 
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Ozonizer  Capable  of  Producing  a  Constant 

Amount  of  Ozone 
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By  maintaining  a  constant  transformer  primary  voltage  and  a  con¬ 
stant  oxygen  flow,  and  by  cooling  the  water  in  the  Berthelot  tubes, 
the  conventional  laboratory  ozonizer  can  be  designed  to  maintain 
ozone  production  constant  to  0.1%  ozone  (by  volume)  over  a 
period  of  1 2  hours  or  longer. 

IN  CARRYING  out  quantitative  ozonolysis  studies,  an  ozo¬ 
nizer  which  would  produce  a  constant  amount  of  ozone  would 
make  possible  easy  and  accurate  determination  of  the  amount  of 
ozone  introduced  into  the  reaction  mixture  Briner  et  al.  (S) 
claimed  to  have  constructed  such  an  ozonizer  but  stated  ( 2 )  that 
the  constancy  claimed  in  the  former  paper  could  not  be  repro¬ 
duced.  At  the  time  of  the  construction  of  the  author’s  appa¬ 
ratus,  the  laboratory  ozonizers  described  in  the  literature  (4-7, 
9)  used  the  Berthelot  tube  to  effect  the  conversion  of  oxygen  to 
ozone.  As  it  was  reported  that  these  ozonizers  gave  satisfactory 
yields  of  ozone,  an  attempt  was  made  to  modify  one  of  them  so  that 
it  would  yield  a  constant  amount  of  ozone.  [Since  the  construc¬ 
tion  of  this  apparatus,  Henne  and  Perilstein  ( 8 )  have  described  a 
new  design  for  an  ozonizer  which  yielded  5  1%  ozone  by  weight 
(3.5%  by  volume),  with  an  oxygen  flow  of  10  liters  per  hour  and  a 


voltage  of  22  kv.  This  ozonizer  is  constructed  of  Pyrex  (for  good 
ozone  production  Berthelot  tubes  should  be  made  of  soft  glass), 
but  the  yield  of  ozone  is  inferior  to  that  obtained  with  an  appa¬ 
ratus  of  the  type  described  by  Smith  (9).] 

In  order  to  achieve  constant  ozone  production  a  constant  rate 
of  oxygen  flow  through  the  ozonizer  and  a  constant  voltage  are 
obviously  necessary.  In  the  ozonizers  described  in  the  literature 
provision  was  made  for  cooling  the  large  volume  of  water  in  the 
battery  jar,  but  it  has  been  found  much  more  important  to  con¬ 
trol  the  temperature  of  the  small  volume  of  water  inside  the 
Berthelot  tubes.  By  controlling  voltage,  gas  flow,  and  the 
temperature  of  the  water  in  the  Berthelot  tubes,  it  is  possible  to 
maintain  the  ozone  concentration  in  the  ozonized  oxygen  con¬ 
stant  within  0.1  %  ozone  by  volume. 

^DESCRIPTION  OF  APPARATUS 

Except  for  some  modifications  necessary  for  maintaining  con¬ 
stant  the  previously  mentioned  factors,  the  apparatus  con¬ 
structed  was  essentially  that  described  by  Smith  ( 9 )  but  with 
Berthelot  tubes  of  the  type  described  by  Smith  and  Ullyot  {11). 
A  constant  transformer  primary  voltage  was  obtained  by  means 
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of  a  Clark  Autovolt  (capacity,  10  amperes;  manufactured  by 
the  Clark  Controller  Company,  Cleveland,  Ohio) . 

For  electrodes  in  the  Berthelot  tubes,  stainless  steel  rod  (4 
mm.  in  diameter)  was  found  to  be  the  most  satisfactory  material. 
Bronze  rod  was  tried,  but  after  some  use  the  Berthelot  tubes  be¬ 
gan  to  spark  badly.  A  fine  deposit,  supposedly  coming  from  the 
bronze  rod,  had  accumulated  on  the  interior  of  the  Berthelot 
tubes;  and  no  matter  how  they  were  cleaned  the  tubes  still 
persisted  in  sparking.  Smith  (10)  has  stated  that,  because  of 
corrosion,  copper  electrodes  are  not  too  satisfactory. 


Figure  1 .  Berthelot  Tube  with 
Cooling  Tube  in  Place 


To  control  the  temperature  of  the  water  inside  the  Berthelot 
tubes,  they  were  equipped  with  cooling  tubes  (Figure  1).  The 
temperature  of  the  water  inside  the  Berthelot  tubes  was  main¬ 
tained  relatively  constant  by  passing  cold  water  through  the 
cooling  tubes  at  a  constant  rate  by  means  of  a  device  maintaining 
a  constant  hydrostatic  head.  The  cooling  tubes  necessitated 
the  connection  of  the  electrodes  in  the  Berthelot  tubes  to  the 
grounded  side  of  the  transformer.  When  assembled  in  this 
manner,  the  battery  jar  is  charged  during  operation  of  the  ozoni- 
zer,  and  the  jar  must  not  be  grounded  and  must  be  protected  to 
prevent  contact  with  the  laboratory  worker. 

A  constant  rate  of  gas  flow  was  achieved  by  inserting  in  the  gas 
line  between  the  oxygen  tank  and  the  ozonizer  a  T-tube,  to  which 
was  attached  a  glass  tube  which  dipped  into  a  tube  (60  cm.  long) 
of  sulfuric  acid;  the  depth  to  which  the  glass  tube  penetrated  the 


Table  I.  Typical  Behavior  of  Ozonizer 


(Transformer  secondary  voltage,  10.30  kv.) 


Time0 

Gas  Flow 

Ozone  Concentration 
in  Ozonized  Oxygen 

Hours 

Liters /hour 

%  by  volume 

0.50 

10.5 

5.0 

1.00 

10.6 

5.2 

2.00 

10.4 

6.5 

3.00 

10.5 

5.5 

4.00 

10.4 

5.6 

5.00 

10.5 

5.7 

6.00 

10.3 

5.6 

7.00 

10.6 

5.5 

8.00 

10.4 

5.6 

9.00 

10.6 

5.6 

10.00 

10.4 

5.7 

11.00 

10.6 

5.7 

°  Hours  after  starting  ozonizer  when  collection  of  gas  sample  was  begun. 


Table  II.  Heating  of  Water  in  Berthelot  Tube  and  Effect  of  Water 
Temperature  on  Ozone  Production 

(Transformer  secondary  voltage,  10.30  kv.;  gas  flow,  10.4  liters  per  hour) 


Water  Temperature 

Battery 

Berthelot 

Ozone  Concentration 

jar 

tube 

Time 

in  Ozonized  Oxygen 

°  C. 

°  C. 

Hours 

%  by  volume 

28.5 

28.5 

0° 

28.7 

34.0 

0.50 

4.1 

29.0 

36.0 

1.00 

4.2 

30.0 

38.0 

2.00 

4.4 

30.8 

39.0 

3 . 00 

4.4 

32.0 

40  0 

4  00 

4.5 

4  25- 

32.0 

27.0 

4.50 

4.8 

32.0 

22.5 

5.00 

4.8 

32,0 

23.8 

6.00 

4.8 

32.0 

24.2 

7.00 

4.8 

a  Cold  water  not  flowing  through  cooling  tubes  in  Berthelot  tubes. 
b  Cold  water  started  through  cooling  tubes  in  Berthelot  tube. 


sulfuric  acid  was  capable  of  rapid  change  by  means  of  a  rack  and 
pinion.  A  flowmeter  (1),  filled  with  pentachloroethane  and 
inserted  in  the  gas  line  after  the  ozonizer,  permitted  the  proper 
setting  of  the  glass  tube  in  the  sulfuric  acid.  By  this  arrange¬ 
ment  the  gas  flow  could  be  reproduced  well,  usually  with  an 
average  deviation  of  15  parts  per  1000  (Table  I). 

PERFORMANCE  OF  OZONIZER 

When  operating  the  ozonizer  a  transformer  primary  voltage  of 
114  and  tank  oxygen  were  used.  Gas  samples  of  1.4  liters  (0.05 
cubic  foot)  were  analyzed  for  ozone  according  to  Smith  (9) .  The 
time  necessary  to  collect  the  gas  sample  was  determined  with  a 
stop  watch  and  the  gas  flow  then  calculated.  All  rates  of  gas 
flow  and  ozone  concentrations  have  been  calculated  at  standard 
conditions. 

The  ozonizer  had  to  be  operated  for  several  hours  before  thet 
concentration  of  ozone  in  the  ozonized  oxygen  became  constant 
However,  once  equilibrium  was  established,  the  concentration 
was  maintained  constant  within  0.1%  ozone  by  volume.  The 
data  from  a  typical  run  are  shown  in  Table  I.  Similar  data  have 
been  obtained  with  various  rates  of  gas  flow  and  various  trans¬ 
former  secondary  voltages. 

The  data  in  Table  II  illustrate  the  importance  of  controlling 
the  temperature  of  the  water  inside  the  Berthelot  tube.  During 
operation  of  the  ozonizer,  the  water  in  the  battery  jar  undergoes 
a  relatively  slight  change  in  temperature,  whereas  the  tempera¬ 
ture  of  the  water  in  the  Berthelot  tubes  rapidly  increases  If  the 
water  in  the  Berthelot  tubes  is  cooled  from  the  beginning  of  the 
operation  of  the  ozonizer,  the  temperature  of  the  water  in  the 
battery  jar  remains  unchanged  after  14  hours  of  continuous 
operation. 

There  were  slight  day-to-day  variations  in  ozone  concentration, 
even  though  every  effort  was  made  to  maintain  the  same  experi¬ 
mental  conditions.  In  every  case,  however,  after  the  ozonizer 
came  to  equilibrium  the  ozone  concentration  in  the  ozonized  oxy¬ 
gen  was  maintained  constant  within  0.1%  by  volume. 
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Apparatus  for  the  Rapid  Determination  of  Chlorophyll 
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IN  A  number  of  the  methods  for  determining  chlorophyll  and 
I  the  carotenoids  in  plants  the  sample  is  extracted  with  acetone 
and  the  pigments  are  transferred  to  ether  by  washing  with  water 
a  number  of  times  in  separatory  funnels  This  procedure 

was  followed  in  the  earlier  work  in  this  laboratory  (3). 

The  time  required  for  these  analyses  can  be  decreased  consid¬ 
erably  by  means  of  the  apparatus  herein  described.  The  pig¬ 
ments  are  transferred  to  ether  by  passing  an  acetone  extract- 
ether  mixture  through  a  vertical  column  in  which  water  is  moving 
in  the  direction  opposite  to  the  flow  of  the  mixture.  As  the  mix¬ 
ture  bubbles  through  the  water,  the  acetone  is  removed  by  the 
water  and  the  ether  solution  collects  at  the  top  of  the  column. 
By  changing  the  water  level  in  the  column,  the  washed  ether 
solution  is  driven  into  a  cooling  coil  which  decreases  the  solu¬ 
bility  of  water  in  ether  and  dries  the  solution  sufficiently  for  im¬ 
mediate  pigment  determinations. 

A  new  type  of  adsorption  column  which  retains  solvents  until 
pressure  is  applied  and  apparatus  for  delivering  solvents  under 
pressure  into  the  adsorption  column  are  also  described.  Using 
this  equipment,  the  speed  of  carotene  and  xanthophyll  separation 
is  greatly  increased. 

APPARATUS 

Washing  Apparatus.  A  diagram  of  the  apparatus  used  in 
Transferring  the  pigments  from  an  acetone  extract  to  an  ether 
solution  is  shown  in  Figure  1.  The  most  important  part  of  this 
apparatus  is  tube  1.  Water  enters  from  tube  8  through  stopcock 
7  at  4,  and  flows  out  through  tube  5  at  the  base,  the  rate  of  flow 
from  the  column  being  regulated  by  stopcock  6.  The  water  level 
in  tube  8  is  controlled  by  overflow  tube  9  and  should  be  adjusted 
so  that  the  water  level  in  tube  1  will  be  3  cm.  above  the  inlet  tube 
when  the  water  is  flowing  through  the  column  at  the  desired  rate, 
which  is  between  20  and  40  ml.  per  minute.  Stopcock  7  is  also 
connected  to  tube  10.  The  water  level  in  this  tube  is  controlled 
by  overflow  tube  11,  which  extends  into  tube  8.  Water  enters 
tube  10  through  tube  13,  which  is  connected  to  a  water  tap,  and 
to  tube  12,  which  connects  to  stopcock  14.  The  water  level  in 
tube  10  should  be  at  least  5  to  6  cm.  above  the  level  of  stopcock 
14,  so  that  liquid  may  flow  through  the  stopcock  from  tube  12 
into  capillary  tube  2.  The  end  of  tube  2  enters  the  base  of  tube  1 
and  extends  about  3  cm.  above  the  base.  Since  the  acetone  ex¬ 
tract-ether  mixture  flows  by  gravity  from  funnel  3,  stopcock  14 
must  be  high  enough  above  the  water  level  in  tube  1  to  overcome 
the  pressure  created  by  the  water  column  when  tube  2  contains 
ether. 

The  top  part  of  tube  1  consists  of  a  7-mm.  (outside  diameter) 
curved  tube,  constricted  at  the  highest  point  of  the  bend.  Just 
beyond  the  constriction,  vertical  air  inlet  tube  15  is  sealed  in  to 
prevent  siphoning.  The  end  of  tube  1  is  drawn  out  and  is  in¬ 
serted  in  the  enlarged  end  of  the  cooling  coil,  16,  which  passes 
through  an  ice  and  salt  bath,  17.  This  bath  may  be  drained  by 
means  of  stopcock  18.  The  lower  end  of  the  coil  extends  into 
receiver  19,  which  is  provided  with  a  three-way  stopcock,  20. 

This  apparatus  is  suited  to  the  preparation  of  20-  to  30-ml. 
ether  solutions.  The  large  part  of  tube  1  has  an  outside  diameter 
of  25  mm.  and  a  length  of  52  cm.  A  scale  is  provided  on  the  side 
of  Figure  1  from  which  the  other  dimensions  can  be  estimated. 

(It  has  since  been  found  that  more  satisfactory  results  can  be 
obtained  by  decreasing  to  about  13  cm.  the  diameter  of  tube  1 
from  6  cm.  above  point  4  to  about  10  cm.  from  the  bottom,  and 
increasing  the  diameter  of  the  bottom  part  of  tube  1  to  33  cm.) 

Adsorption  Column  Apparatus.  A  diagram  of  the  adsorp¬ 
tion  column  apparatus  is  shown  in  Figure  2.  This  consists  of  an 
ether  reservoir,  A,  and  a  reservoir  for  an  ether-ethanol  mixture, 
B,  these  two  being  connected  to  a  3500  kg.  per  sq.  meter  (5  pounds 
per  sq.  inch)  air  supply  by  glass  tubing  that  enters  the  reservoirs 
above  the  solvents.  Tubes  extending  to  the  bottom  of  the  solvent 
reservoirs  are  connected  to  the  same  three-way  stopcock,  D. 
Thus,  when  air  pressure  is  applied,  the  solvents  may  be  forced 


through  D  into  the  adsorption  column,  C.  A  second  three-way 
stopcock,  E,  is  also  connected  with  the  adsorption  column.  One 
arm  of  this  stopcock  is  connected  to  the  air  supply,  while  the 
other  releases  the  pressure  in  C.  D  and  E  should  be  equipped 
with  plug  locks.  The  adsorption  column  consists  of  a  22-mm. 
(outside  diameter)  glass  tube  drawn  out  at  one  end  and  sealed  to 
4-mm.  (outside  diameter)  tubing  which  is  bent  to  run  parallel  to 
the  large  tubing  and  with  two  additional  bends  to  bring  the  drawn- 
out  end  approximately  3  cm.  from  the  larger  tube.  The  tip  of 
the  smaller  tube  should  be  at  or  above  the  level  of  the  top  of  the 
packed  adsorbent. 

PROCEDURE 

Preparation  of  Ether  Solution.  In  preparing  the  washing 
apparatus  for  operation,  the  water  supply  connected  to  tube  13  is 
turned  on  and  regulated  so  that  some  water  overflows  through 
tube  9  at  all  times.  Stopcock  7  is  opened  to  tube  8  and  stopcock  6 
adjusted  to  deliver  between  20  and  40  ml.  per  minute.  Tube  2  is 
filled  with  water  by  opening  stopcock  14  to  tube  12.  After  the 
ice  bath,  17,  has  been  filled  with  ice  and  the  space  around  the  ice 
has  been  filled  with  water  and  about  5  grams  of  salt  have  been 
added,  the  apparatus  is  ready  for  operation. 

Fifteen  millilit  ers  of  diethyl  ether  are  added  to  funnel  3  and  then 
10  to  20  ml.  of  an  85%  acetone  extract  of  normal  green  leaves, 
prepared  as  previously  described  (3),  are  added,  so  that  thorough 
mixing  occurs.  Funnel  3  is  then  connected  to  tube  2  by  opening 
stopcock  14  enough  to  allow  the  ether-acetone  extract  mixture 


Figure  1.  Washing  Apparatus 
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to  flow  from  the  funnel  in  about  5  to  10  minutes.  The  charac¬ 
teristics  of  the  individual  apparatus,  particularly  the  type  of  tip 
at  the  end  of  tube  2,  will  determine  what  rate  of  flow  can  be  used 
without  loss  of  pigment  in  the  wash  water.  The  ether  solution 
of  the  pigment  collects  at  the  top  of  the  column,  while  the  acetone- 
water  mixture  passes  through  the  outlet  at  the  base  of  tube  1. 

When  the  last  of  the  ether-acetone  extract  mixture  passes  into 
tube  2,  stopcock  14  is  closed,  the  sides  of  the  funnel  are  washed 
with  2  ml.  of  fresh  ether,  and  the  wash  ether  is  passed  into  tube  2. 
By  changing  the  position  of  stopcock  7  to  connect  with  tube  10, 
the  water  level  in  tube  1  is  raised  and  the  pigment  solution  is 
driven  into  the  cooling  coil.  When  the  ether  solution  has  passed 
the  constriction  at  the  bend  in  tube  1,  stopcock  7  is  turned  to  con¬ 
nect  with  tube  8  and  the  water  column  returns  to  its  former  level. 
An  additional  3  ml.  of  wash  ether  are  added  to  the  funnel  and 
passed  into  tube  2.  This  ether  is  driven  out  of  the  tubing  into 
the  water  column  by  turning  stopcock  14  so  that  water  flows  from 
tube  12  into  tube  2.  The  surface  of  the  glass  at  the  top  of  the 
water  column  is  washed  pigment-free  by  changing  the  water  level 
in  tube  1  so  that  the  wash  ether  at  the  top  of  the  column  contacts 
the  same  surface  that  the  pigment  solution  contacted.  This  may 
be  accomplished  by  closing  stopcock  7  until  the  wash  ether  is 
below  the  lowest  point  contacted  by  the  pigment  solution.  The 
wash  ether  is  then  driven  out  of  tube  1  into  the  coil  by  turning 
stopcock  7  to  connect  with  tube  10  as  before,  care  being  taken  to 
limit  the  amount  of  water  passing  into  the  cooling  coil.  Stopcock 
7  is  again  connected  to  tube  8,  another  sample  may  be  introduced 
in  funnel  3,  and  washing  started  before  continuing  with  the  first 
sample. 

By  introducing  fresh  ether  from  a  wash  bottle  into  tube  15  and 
the  mouth  of  coil  16,  the  last  traces  of  pigment  are  removed  from 
the  coil.  The  temperature  of  the  ether  solution  decreases  as  it 
passes  through  the  coil,  thereby  decreasing  the  solubility  of  water 
in  ether,  and  when  the  solution  passes  into  reservoir  19,  two  layers 
are  formed.  The  water  layer  is  drained  off  through  one  arm  of 
stopcock  20  and  the  ether  solution  is  drawn  off  into  a  25-ml.  volu¬ 
metric  flask  placed  at  the  tip  of  the  other  tube.  The  reservoir 
and  the  tips  of  the  coil  and  stopcock  are  washed  with  ether. 
When  the  ether  solution  in  the  volumetric  flask  is  made  to  volume, 
it  is  ready  for  pigment  determinations. 

Chlorophyll  determinations  are  made  on  a  dilution  of  this  ether 
solution  by  measuring  the  light  absorbed  at  the  chlorophyll  a  and 
b  maxima  in  the  red  end  of  the  spectrum.  The  chlorophyll 
a  and  b  contents  are  calculated  by  means  of  simultaneous 
equations  as  previously  described  (3). 

Separation  of  Carotenoids.  The  adsorption  column  used  in 
separating  carotene  from  the  xanthophyll  fraction  is  prepared  as 
follows: 

A  piece  of  cotton,  F,  is  tamped  into  the  constricted  portion  of 
the  adsorption  tube,  C.  The  tube  is  filled  to  within  3  cm.  of  the 
top  with  petroleum  ether  (Skellysolve  F),  8  grams  of  an  adsorbent 
mixture  composed  of  equal  parts  by  weight  of  magnesium  oxide 
(Micron  Brand  No.  2641,  Westvaco  Chlorine  Products  Co., 
Newark,  Calif.)  and  Hyflo  Super-Cel  (Johns-Manville,  New  York) 
are  added,  and  adsorbent  remaining  on  the  sides  of  the  tube  is 
pushed  into  the  solvent.  Air  is  gent  ly  stirred  out  of  the  adsorbent 
mixture  and  the  top  of  the  tube  is  connected  to  a  3500  kg.  per 
sq.  meter  (5  pounds  per  sq.  inch)  air  pressure  line.  The  air  pres¬ 
sure  packs  the  adsorbent  to  the  position  shown  in  Figure  2,  G. 
The  tube  is  disconnected  when  the  petroleum  ether  above  the 
adsorbent  is  approximately  1  cm.  in  depth. 

A  5-ml.  portion  of  the  ether  solution  prepared  in  the  washing 
apparatus  is  added  to  the  column  and  the  top  0.3  to  0.5  cm.  of 
the  adsorbent  is  stirred  with  a  stirring  rod.  Stirring  the  top  of 
the  column  results  in  a  more  even  movement  of  the  pigment 
bands  through  the  column.  After  the  stirring  rod  is  washed  with 
petroleum  ether,  the  column  is  connected  to  the  adsorption  col¬ 
umn  apparatus  shown  in  Figure  2.  Air  pressure  is  applied  by 
means  of  stopcock  E  to  force  the  pigment  solution  into  the  adsorb¬ 
ent.  Pure  ether  in  small  portions  is  then  added  under  pressure 
by  opening  stopcock  D  to  A,  until  the  last  of  the  pigments  is 
washed  into  the  adsorbent.  Larger  quantities  may  then  be  used, 
care  being  taken  to  keep  a  solvent  layer  above  the  adsorbent  at 
all  times.  The  movement  of  liquid  through  the  column  can  be 
stopped  instantly  by  releasing  the  pressure,  using  stopcock  E. 

Carotene  is  unadsorbed  and  is  collected  in  a  25-ml.  volumetric 
flask  placed  below  the  outlet  tip  of  the  column.  The  carotene  is 
completely  separated  when  colorless  solution  comes  through  fol¬ 
lowing  the  colored  carotene  solution.  If  no  colorless  solution  is 
obtained,  the  separation  is  incomplete  and  another  column  is 
necessary.  Separation  may  be  incomplete  if  the  adsorbent  has 
lost  its  adsorbing  properties  or  if  some  substance  is  present  in  the 
pigment  solution  or  ether  which  elutes  the  xanthophyll.  •  In¬ 


creasing  the  quantity  of  adsorbent  or  the  depth  of  petroleum  ether 
above  the  adsorbent  prior  to  the  addition  of  the  pigment  solution 
is  helpful  in  improving  the  separation  if  difficulty  is  encountered. 
The  carotene  is  determined  spectrophotometrically  at  its  highest 
absorption  maximum  after  the  solution  is  made  to  volume. 
This  chromatographic  method  is  applicable  to  plant  extracts  in 
which  the  carotene  is  of  the  beta  form.  If  other  carotenes  were 
present,  the  method  would  need  modification,  although  the  ap¬ 
paratus  might  still  be  useful. 

If  xanthophyll  is  to  be  estimated,  its  elution  may  be  started  by 
adding  an  ether-ethanol  mixture  to  the  top  of  the  column  by  open¬ 
ing  stopcock  D  to  B  before  the  collection  of  the  carotene  fraction 
is  complete.  Shortly  after  the  carotene  solution  is  removed,  the 
yellow  xanthophylls  come  through  the  column,  and  are  collected 
in  a  second  25-ml.  volumetric  flask.  If  a  group  of  very  similar 
samples  is  to  be  analyzed  for  xanthophyll,  the  mixture  in  B  can 
be  regulated  to  the  proper  concentration,  although  it  is  usually 
better  to  have  the  mixture  stronger  in  alcohol  than  necessary  and 
to  open  stopcock  D  to  A  and  B  alternately  until  the  mixture 
added  to  the  column  completely  elutes  the  xanthophyll. 

No  set  procedure  has  been  found  applicable  to  all  plant  mate¬ 
rials  tested.  Even  when  grown  under  similar  conditions,  differ¬ 
ent  varieties  of  a  species  must  be  treated  differently.  At  times 
difficulty  is  encountered  in  completely  eluting  the  xanthophyll 
and  at  other  times  part  of  the  chlorophyll  comes  through  with 
the  xanthophyll.  With  some  varieties  of  tobacco  the  individual 
xanthophylls  can  be  quantitatively  separated.  Each  plant 
material  presents  a  different  set  of  problems  which  must  be 
worked  out  as  required. 

The  xanthophyll  solution  is  measured  spectrophotometrically 
at  the  wave  length  of  maximum  absorption  and  the  data  are  re¬ 
ported  as  the  extinction  coefficient,  K.  If  the  proportions  of  the 
different  xanthophylls  remain  constant,  the  value  arrived  at  is 
nearly  proportional  to  concentration,  but  it  is  not  an  absolute 
concentration  value. 

The  xanthophyll  values  obtained  by  this  method  are  low  be¬ 
cause  there  is  some  loss  of  xanthophyll  in  the  wash  water  and 
this  xanthophyll  is  not  recovered  as  it  was  in  the  method  for¬ 
merly  used  (3).  This  apparatus  was  designed  primarily  for  chlo¬ 
rophyll  and  carotene  analyses  and  for  these  components  more 
reproducible  results  are  obtained.  It  is  possible  for  one  person 
to  determine  chlorophyll  and  carotene  and  to  estimate  xantho- 
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Table  I.  Reproducibility  of  Results 


Chlorophyll 

Caro¬ 

Xantho¬ 

Portion  No. 

Total 

a 

tene 

phyll 

Mg./l. 

% 

Mg./l. 

K 

1 

5.13 

73.29 

6.72 

0.407 

2 

5.12 

73.44 

6.56 

0.397 

3 

5.12 

73.44 

6.58 

0.393 

4 

5.13 

73.68 

6.52 

0.310 

6 

5.15 

73.20 

6.63 

0.381 

Mean,  x 

5.13 

73.41 

6.60 

0.394° 

Standard  deviation,  s  _ 

0.015 

0.19 

0.08 

0.011“ 

Coefficient  of  variation,  s/x,  % 

0.29 

0.24 

1.21 

2.80° 

°  Sample  4  not  included. 


phyll  in  a  tobacco  leaf  within  an  hour  from  the  time  the  sample 
is  removed  from  the  plant,  by  means  of  a  Waring  Blendor,  the 
apparatus  herein  described,  and  a  spectrophotometer.  Less  time 
is  required  if  the  xanthophyll  estimation  is  not  included. 

RESULTS 

Typical  results  which  may  be  expected  when  using  the  appara¬ 
tus  and  procedure  described  above  are  given  in  Tables  I  and  II. 
The  reproducibility  of  results  obtained  using  this  procedure  on 
five  10-ml.  portions  of  an  acetone  extract  of  tobacco  leaves  is 
shown  by  the  data  presented  in  Table  I.  Fifteen-milliliter  por¬ 
tions  of  ether  were  mixed  with  the  acetone  solutions  each  time, 
and  the  final  ether  volumes  were  adjusted  to  25  ml.  The  chloro¬ 
phyll  and  carotene  contents  are  expressed  in  milligrams  per  liter 
in  the  measured  solution,  and  the  xanthophyll  is  expressed  as  the 
extinction  coefficient,  K,  in  the  measured  solution.  The  chloro¬ 
phyll,  carotene,  and  xanthophyll  solutions  were  not  diluted  to 
the  same  extent;  therefore  the  reported  concentrations  of  the 
different  pigments  are  not  comparable. 

The  standard  deviation  from  the  mean  of  the  five  samples  was 
0.015  mg.  per  liter  for  total  chlorophyll,  0.187  for  percentage 
chlorophyll  a,  and  0.08  mg.  per  liter  tor  carotene.  (“Percentage 
chlorophyll  a”  is  the  percentage  of  the  total  chlorophyll  which  is 
chlorophyll  a.)  The  xanthophyll  content  of  sample  4  was  ob¬ 
viously  low,  probably  because  of  incomplete  removal  of  xantho¬ 
phyll  from  the  adsorption  column.  The  standard  deviation  from 
the  mean  of  the  four  other  determinations  was  0.011  K  or  0.039 
K  if  sample  4  is  included.  The  corresponding  coefficients  of 
variation  are  given  in  Table  I. 

Table  II  presents  the  results  of  a  test  to  determine  the  ratios 
of  acetone,  ether,  and  plant  extract  concentrations  at  which 
the  washing  apparatus  functions  properly. 

An  approximately  85%  acetone  extract,  as  concentrated  in  pig¬ 
ments  as  possible,  was  prepared  by  extracting  very  green  tobacco 
leaves  with  pure  acetone.  Portions  of  this  extract,  as  indicated 
in  column  2  of  Table  II,  were  pipetted  into  flasks  as  promptly  as 
possible  to  prevent  changes  in  concentration  due  to  evaporation 
and  85%  acetone  in  the  quantities  given  in  column  3  was  added 
to  the  flasks.  Each  acetone  solution  was  mixed  with  15  ml.  of 
ether  prior  to  washing.  After  washing,  the  ether  solutions  were 
made  to  volume  (25  ml.)  and  chlorophyll  readings  were  made 
immediately  on  appropriate  dilutions.  The  samples  were  washed 
by  one  person  and  chlorophyll  readings  were  made  by  another. 
The  ten  determinations  of  total  chlorophyll  and  percentage 
chlorophyll  a  were  completed  in  2  hours.  A  5-ml.  portion  of  each 
ether  solution  was  then  chromatographed  and  carotene  and  xan¬ 
thophyll  were  determined.  A  total  of  4  man-hours  was  required 
for  chromatographic  and  spectrophotometric  determination  of 
carotene  and  xanthophyll  on  the  ten  samples.  The  average  time 
spent  on  each  sample  for  washing,  chromatographic  analysis, 
and  spectrophotometric  determination  of  carotene,  xanthophyll, 
chlorophyll,  and  per  cent  chlorophyll  a  was  48  minutes.  Results 
were  multiplied  by  2  in  samples  2  and  4  and  by  4  in  samples  3 
and  5  when  necessary  to  make  all  results  comparable. 

The  reproducibility  of  these  results  at  all  five  concentration 
ratios  used  was  better  than  that  of  most  of  the  determinations  re¬ 
ported  in  the  literature,  especially  the  values  obtained  for  per¬ 


centage  chlorophyll  a.  This  degree  of  reproducibility  is  obtained 
only  if  the  whole  analysis  is  completed  promptly.  These  data 
were  subjected  to  an  analysis  of  variance  to  determine  whether 
any  of  the  results  at  different  concentration  ratios  were  signifi¬ 
cantly  different.  The  differences  in  means  of  the  various  con¬ 
centration  ratios  which  are  statistically  significant  at  the  5% 
and  1%  levels  are  shown,  for  each  analysis,  at  the  bottom  of 
Table  II.  The  No.  3  samples  appear  to  be  significantly  low  in 
total  chlorophyll,  indicating  that  too  much  acetone  in  proportion 
to  the  pigment  present  may  result  in  some  loss  of  chlorophyll. 
The  finding  of  higher  values  for  percentage  chlorophyll  a  in 
samples  where  more  acetone  in  porportion  to  pigment  was  used, 
indicates  that  the  loss  of  chlorophyll  b  during  washing  is  about 
the  same  as  the  loss  of  chlorophyll  a  in  spite  of  the  smaller  initial 
concentration.  This  would  indicate  that  the  acetone  extract 
should  be  as  concentrated  in  pigment  as  possible.  The  mean 
of  the  total  chlorophyll  results  of  samples  la  and  b  is  significantly 
lower  than  that  of  samples  4a  and  b,  in  which  the  ratio  of  pigment 
to  acetone  is  the  same  but  the  ratio  of  acetone  to  ether  is  lower. 
The  means  of  samples  2a  and  b  and  5a  and  b  also  differ  in  the 
same  direction,  though  not  enough  to  be  statistically  significant. 
This  indicates  that  the  volume  of  acetone  extract  should  be  as 
low  as  practical  with  respect  to  the  volume  of  ether  to  prevent 
loss  of  chlorophyll.  This  is  probably  true  with  respect  to  the 
previous  method  of  washing. 

The  carotene  values  are  also  significantly  higher  on  sample  4 
then  on  sample  1  and  somewhat  higher  on  sample  5  than  sample 
2,  indicating  a  loss  of  carotene  when  the  ratio  of  acetone  extract 
to  ether  is  too  high.  When  different  ratios  of  pigment  to  acetone 
are  considered,  the  intermediate  concentration  is  higher  by  an 
amount  which  is  statistically  significant,  although  no  reason  for 
this  is  apparent.  None  of  the  differences  in  the  xanthophyll 
values  is  statistically  significant. 

In  spite  of  the  variations  mentioned  in  the  preceding  two 
paragraphs,  if  the  ten  samples  are  all  considered  as  a  group,  the 
reproducibility  obtained  was  better  than  that  obtained  with  any 
other  method  yet  tried  in  this  laboratory.  This  was  probably 
due  to  (1)  the  short  time  allowed  for  deterioration  of  the  pig¬ 
ments  and  (2)  the  decreased  opportunity  for  loss  on  glassware  or 
in  transfers.  When  the  chlorophyll  determination  is  carried  out 
as  quickly  as  it  can  be  done  with  this  apparatus,  the  coefficient 
of  variation  of  the  per  cent  chlorophyll  a  is  about  0.3%.  How¬ 
ever  if  at  any  stage  of  the  process  the  pigment  solutions  are  al¬ 
lowed  to  stand  for  several  hours  before  the  chlorophyll  readings 
are  made,  the  variations  are  much  larger,  even  if  the  solutions 


Table  II.  Effect  of  Acetone  and  Plant  Extract  Concentration  Used 

in  Washing 


Sample 

Acetone 

85% 

Chlorophyll 

Caro¬ 

Xantho¬ 

No. 

Extract  Acetone 

Total 

a 

tene 

phyll 

Ml. 

Ml. 

Mg. 

% 

Mg. 

K 

la 

20 

0 

163.1 

74.32 

8.41 

24.9 

b 

163.9 

74.33 

8.29 

24.7 

Mean 

163.5 

74.33 

8.35 

24.8 

2a 

10 

10 

162.8 

74.81 

8.64 

24.0 

b 

162.6 

74.72 

8.58 

24.5 

Mean 

162.7 

74.77 

8.61 

24.3 

3a 

5 

15 

157.2 

74.74 

8.31 

25.8 

b 

157.4 

75.02 

8.41 

24.5 

Mean 

157.3 

74.88 

8.36 

25.2 

4a 

10 

-0 

166.8 

74.64 

8.58 

23.3 

b 

167.3 

74.50 

8.60 

24.8 

Mean 

167.1 

74.57 

8.59 

24.1 

5a 

5 

5 

167.0 

74.90 

8.84 

26.5 

b 

162.7 

74.81 

8.70 

25.9 

Mean 

164.9 

74.86 

8.77 

26.2 

Mean  of 

all  samples, 

X 

163.1 

74.68 

8.54 

24.9 

Significant  difference  (5%) 

3.6 

0.28 

0.18 

3.0 

Significant  difference  (1%) 

5.6 

0.43 

0.28 

4.8 

Standard  deviation, 

8 

3.6 

0.23 

0.18 

0.95 

Coefficient  of  variation,  s/x ,  % 

2.2 

0.31 

2.1 

3.8 
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are  kept  in  the  dark  at  7°  C.  The  standard  deviations  and  co¬ 
efficients  of  variation  for  all  samples  are  shown  at  the  bottom  of 
Table  II. 

The  apparatus  for  separating  the  carotenoid  pigments  has 
several  advantages  over  that  used  previously.  The  outlet  tip 
of  the  adsorption  column  is  high  enough  so  that  it  will  not  go  dry 
unless  pressure  is  applied.  Solvents  can  be  added  to  the  column 
as  required  while  continuous  pressure  is  maintained.  This  in¬ 
creases  the  speed  of  the  determination  and  decreases  the  tendency 
for  pockets  to  develop  in  the  adsorbent. 

SUMMARY 

Using  apparatus  described  it  was  possible  to  determine  total 
chlorophyll,  percentage  chlorophyll  a,  /3-carotene,  and  to  es¬ 
timate  xanthophyll  concentration  within  an  hour  from  the  time 
a  leaf  sample  was  removed  from  the  plant.  The  standard  de¬ 
viation  of  the  total  chlorophyll  and  carotene  results  obtained  by 


this  method  was  less  than  2%  of  the  means  and  that  of  the  per¬ 
centage  chlorophyll  a  less  than  0.3%  of  its  mean.  Total  xan¬ 
thophyll  determinations  were  less  accurate  than  those  previously 
reported. 

The  apparatus  eliminates  possible  loss  from  the  many  transfers 
in  the  older  procedure,  decreases  the  amount  of  apparatus  re¬ 
quired,  increases  the  speed  of  determinations,  is  easily  con¬ 
structed,  and  is  self-cleaning. 
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Thermostatic  Bath  for  Low  Temperatures 

E.  L.  RUH,  G.  E.  CONKLIN,  and  J.  E.  CURRAN 
Standard  Inspection  Laboratory,  Standard  Oil  Development  Co.,  Bayonne,  N.  J. 


A  thermostatic  bath,  primarily  (or  low-temperature  viscosity  de¬ 
terminations,  operates  effectively  at  temperatures  ranging  from 
+  40°  to  —70°  F.  It  consists  of  a  three-stage  installation,  one 
bath  containing  dry  ice  and  isopropyl  alcohol,  a  second  bath  main¬ 
tained  under  rough  automatic  control,  and  a  third  bath  under  close 
control.  The  last  is  a  vacuum-jacketed  glass  jar,  filled  with  acetone, 
and  equipped  with  accessories  for  mounting  viscometers.  The 
development  described  superseded  one  involving  only  two  stages. 
This  was  effective,  but  the  first  stage  required  time-consuming  manual 
control  of  temperature.  The  three-stage  installation  is  mounted 
in  a  special  cabinet  which  augments  its  operating  efficiency. 


THE  laboratory  with  which  the  authors  are  associated  makes 
numerous  viscosity  determinations  at  temperatures  ranging 
from  +40°  to  —70°  F.  The  bath  originally  used  contained 
acetone  which  was  kept  chilled  by  periodic  immersion  of  a 
cylindrical,  perforated  basket  filled  with  dry  ice.  Reasonably 
good  temperature  control  was  obtained  by  this  method,  but  it 
was  time-consuming.  Development  and  construction  of  a  bath 
with  automatic  temperature  control  were  therefore  undertaken. 

PRELIMINARY  EXPERIMENTATION 

Trials  were  made  of  an  apparatus  consisting  of  a  large  Dewar- 
type  jar  filled  with  acetone,  chilled  by  circulation  through  a 
copper  coil  immersed  in  an  insulated  glass  jar 
containing  isopropyl  alcohol  and  dry  ice. 

The  pump  was  operated  continuously  to  stir 
the  acetone  bath.  The  coil  in  the  cooling  bath 
was  by-passed  part  of  the  time  by  a  magnetically 
operated  three-way  valve  connected  with  a  suit¬ 
able  relay,  actuated  by  a  bimetallic  regulator 
in  the  acetone  bath.  The  regulator  also  turned 
on  an  immersion  heater,  whenever  the  flow 
through  the  cooling  coil  was  interrupted.  This 
was  found  to  help  in  maintaining  close  control. 

This  installation  gave  satisfactory  results  when 
the  temperature  of  the  cooling  bath  bore  the 
correct  relation  to  the  temperature  desired  in  the 
acetone  bath. 

It  was  necessary,  however,  to  give  the  cool¬ 
ing  bath  much  attention,  putting  in  the  proper 


quantities  of  dry  ice  from  time  to  time.  This  necessitated 
experience  on  the  part  of  the  operator,  and  a  considerable  waste 
of  his  time. 

GENERAL  FEATURES  OF  FINAL  DESIGN 

Experience  with  the  two-bath  unit  pointed  to  the  desirability 
of  a  three-bath  system,  which  is  now  in  service.  It  consists  of 
one  jar  held  at  a  suitable  low  temperature,  containing  solid 
carbon  dioxide  and  isopropyl  alcohol;  a  second  jar  under  rough 
thermostatic  control;  and  a  third,  Dewar-type  jar  under  close 
control.  The  temperature-control  system  of  the  second  jar  is 
identical  with  that  used  in  the  earlier  two-bath  unit.  The  third 
bath  is  chilled  continuously  by  circulating  its  acetone  through 
the  coil  in  the  second  bath  which  is  held  at  a  temperature  ap¬ 
proximately  10°  F.  lower  than  that  desired  in  the  third  bath. 
Temperature  control  in  the  latter  is  effected  by  a  conventional 
circuit  consisting  of  a  125-watt  knife-blade  heater,  a  bimetallic 
thermoregulator,  and  a  suitable  relay. 

The  three-bath  design  provides  the  desired  close  temperature 
control  (within  =±=0.1°  F.)  in  the  Dewar  jar  with  a  minimum  of 
attention  from  the  operator.  After  the  initial  adjustments  have 
been  made,  all  that  is  necessary  is  to  add  to  the  first  bath  enough 
dry  ice  to  keep  its  temperature  at  least  30°  F.  below  the  tempera¬ 
ture  required  in  the  Dewar  jar.  This  requires  much  less  atten¬ 
tion  than  holding  the  temperature  of  the  same  bath  between 
maximum  and  minimum  limits. 


Motor 


Motor 


Both  I 


No. I  Both  No.  2  Bath  No.  3 

Figure  1.  Diagram  of  Three-Bath  Thermostatic  Installation  for  Low  Temperatures 
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Figure  2.  Latest  Design  of  Low-Temperature  Thermostat 

Bath  3  mounted  on  a  specially  constructed  cabinet  holding  other  baths  and 

accessories 


DETAILS  OF  THREE-BATH  THERMOSTAT 

The  characteristic  features  of  the  three-bath  thermostat  are 
shown  diagrammatically  in  Figure  1. 

Bath  1.  The  container  is  a  10  X  10  inch  stock-size  Pyrex  jar. 
The  cooling  mixture  is  99%  isopropyl  alcohol  and  dry  ice;  the 
coil  is  12  feet  of  nominal  0.5-inch  copper  tubing. 

Bath  2.  The  container  is  a  10  X  10  inch  Pyrex  jar.  The 
bath  liquid  is  acetone;  in  addition  to  a  cooling  coil  similar  to 
that  in  bath  1  there  is  a  bimetallic  thermoregulator  and  a  250- 
watt  immersion  heater  (not  shown  in  Figure  1). 

Bath  3  The  container  is  a  Dewar-type  evacuated  jar  with 
minimum  inside  dimensions  of  6-inch  diameter  and  16-inch  depth. 
The  bath  liquid  is  acetone.  Immersed  in  it  are  a  bimetallic 
thermoregulator  and  a  125-watt  knife-blade  immersion  heater 
(not  shown  in  Figure  1). 

Motors  and  Pumps.  Motors  are  of  0.25-horsepower  size  and 
explosion-proof  type.  The  pumps  have  a  capacity  of  approxi¬ 
mately  5  gallons  per  minute,  and  are  of  a  rotary  type  requiring 
no  lubricating  oil.  The  ones  now  in  use  were  a  stock  item  and 
required  some  revamping  before  they  gave  satisfactory  perform¬ 
ance.  The  rotors  were  freed  from  burrs  and  polished,  and  the 
composition  packing  was  replaced  with  asbestos,  backed  with 
supporting  collars  of  Babbitt  metal.  The  manufacturer  of  the 
pumps  has  agreed  to  supply,  at  a  future  date,  a  special  type, 
designed  for  acetone  and  having  mechanical  seals  instead  of  the 
composition  packing. 

The  pumps  must  never  be  allowed  to  run  dry.  The  shafts  are 
turned  by  hand  before  they  are  started  until  air  bubbles  cease  to 
come  out.  _ 

Magnetic  Valve.  The  valve  is  a  three-way  type  with  0.25- 
inch  ports.  When  in  closed  position,  the  coil  in  bath  1  is  by¬ 
passed  but  the  pump  continues  to  move  the  acetone  in  bath  2, 
thereby  effecting  the  necessary  stirring. 

Electrical  Controls.  No  difficulties  have  been  encountered 
with  the  electrical  controls  and  it  is  believed  that  there  are  numer¬ 
ous  types  which  would  work  well.  The  writers  have  used  bi¬ 
metallic  regulators  and  a  type  of  relay  which  makes  and  breaks 
by  the  magnetically  controlled  movement  of  an  iron  plunger 
floating  in  mercury  in  an  evacuated,  hermetically  sealed  glass 
tube.  There  are  suitable  switches  and  pilot  lights. 


The  bimetallic  type  of  regulator  was  selected  because  of  the 
ease  with  which  it  could  be  set  for  any  temperature  at  which  the 
bath  is  required  to  operate.  The  ones  now  in  use  have  proved 
reliable  and  their  sensitivity  is  adequate. 

Thermometers.  For  temperatures  above  —35°  F.,  mercury- 
filled  thermometers  are  satisfactory.  It  is  desirable  to  have  an 
open  scale,  so  that  differences  of  0.05°  F.  can  be  read  or  estimated 
easily.  For  temperatures  below  —35°  F.,  both  toluene-filled 
thermometers  and  the  newer  mercury-thallium  type  have  been 
used.  Scales  should  be  sufficiently  open  to  permit  reading,  or 
estimating  easily,  differences  of  0.1  °  F.  The  range  should  extend 
above  —35°  F.,  so  that  daily  comparisons  can  be  made  with  a 
mercury-filled  thermometer.  Toluene-filled  thermometers  must 
be  kept  in  an  upright  position  at  all  times.  All  thermometers 
should  be  checked  for  accuracy  of  scaling  by  comparison  with 
platinum  resistance  thermometers  or  other  certified  standards. 

Insulation.  All  items  of  the  installation  inside  the  rec¬ 
tangle  of  broken  lines  in  Figure  1  should  be  effectively  insulated. 
In  the  final  design,  described  below,  this  is  accomplished  by  plac¬ 
ing  them  in  an  insulated  compartment.  The  exposed  portions 
of  copper  are  protected  by  a  special  sponge-rubber  tubing. 

Operation.  Preliminary  to  operating  the  equipment,  the 
three  baths  are  filled  as  follows:  Bath  1  (V2  full),  99%  isopropyl 
alcohol;  bath  2  (V4  full),  acetone;  bath  3  (full),  acetone. 

Before  starting  the  motors,  the  two  pumps  are  turned  manu¬ 
ally  through  several  rotations  to  make  sure  they  are  full  of 
acetone. 

Bath  1  is  then  packed  with  lumps  of  dry  ice  of  any  size  up  to 
that  of  a  baseball.  The  thermoregulators  are  adjusted;  that  for 
bath  3  as  nearly  as  possible  at  the  test  temperature  and  that  in 
bath  2,  5°  to  10°  F.  lower.  Then  with  both  relays  turned  to  the 
“on”  position,  the  motors  are  started.  The  approximate  time 
required  to  bring  bath  3  from  room  temperature  down  to  operat¬ 
ing  temperature  is  indicated  in  the  following  tabulation: 

Operating  Temperature,  Time  Starting  at 

Bath  3  70-80°  F. 

0  F.  Min. 

0  15 

-40  30 

—  50  60 

-  60  100 

-70  140 

• 

After  coming  to  the  operating  temperature,  bath  3  usually  re¬ 
quires  additional  acetone  to  make  up  for  contraction  in  volume 
incident  to  the  cooling. 

When  bath  3  has  come  approximately  to  the  desired  tempera¬ 
ture  both  thermoregulators  should  be  adjusted.  The  one  in  bath 
3  should  be  set  to  hold  the  exact  temperature  desired,  and  the  one 
in  bath  2  so  that  the  temperature  differential  between  baths  2 
and  3  is  such  that  the  relays  will  function  intermittently.  Oper¬ 
ators  soon  learn  by  experience  the  correct  differential  for  each 
temperature  to  be  maintained  in  bath  3. 

The  acetone  in  baths  2  and  3  must  be  replenished  to  make  up 
for  evaporation  losses.  The  liquids  in  all  three  baths,  particu¬ 
larly  the  isopropyl  alcohol  in  bath  1,  must  be  replaced  from  time 
to  time,  as  their  usefulness  is  impaired  by  the  absorption  of  mois¬ 
ture.  This  is  most  rapid  when  the  atmospheric  humidity  is  high. 

The  insulating  efficiency  of  the  unsilvered  jacket  of  the  Dewar 
flask  is  not  always  sufficient  to  prevent  the  condensation  of 
moisture  on  the  outer  surface  of  the  glass.  A  stream  of  air 
blown  over  the  observation  area  prevents  this  trouble. 

FINAL  DESIGN 

The  original  three-bath  thermostat  was  a  typical  chemist’s 
development,  spread  over  the  working  surface  of  a  fair-sized 
laboratory  bench,  and  included  certain  makeshift  features  which 
were  characteristic  of  its  evolution.  After  a  considerable  period 
of  useful  though  inartistic  service,  it  was  decided  that  complete 
revamping  was  in  order,  and  an  integral,  self-contained  unit  was 
designed  and  constructed.  The  Dewar  jar  (bath  3)  was  mounted 
on  a  specially  constructed  cabinet  which  housed  baths  1  and  2  as 
well  as  motors,  pumps,  relays,  etc.  The  general  appearance  of 
the  assembly  is  shown  in  Figure  2.  It  has  proved  very  satis¬ 
factory,  and  detailed  information  regarding  it  has  already  been 
supplied  to  several  laboratories  of  the  companies  served  by  the 
writers’  organization.  The  same  information  will  be  furnished, 
upon  request,  to  interested  outside  organizations. 

There  is  not,  as  yet,  any  known  commercial  source  of  supply 
for  the  complete  assembly. 


Potentiometric  Titration  of  Small  Amounts  of  Boron 

A  Null  Point  Method 

A.  E.  RUEHLE1  AND  D.  A.  SHOCK,  International  Minerals  and  Chemical  Corporation,  Austin,  Tex. 


A  rapid  direct-titration  method  for  determining  boron  in  low  con¬ 
centrations  is  described,  which  has  been  applied  to  magnesium 
chloride  solutions  and  various  other  samples.  The  potentiometric 
apparatus  is  simple  and  inexpensive. 

IN  THE  electrolytic  production  of  magnesium  metal,  a  routine 
control  method  for  determining  the  boron  content  of  the  mag¬ 
nesium  chloride  used  for  cell  feed  production  is  required  (2). 
The  gravimetric  method  (5)  and  the  modified  Chapin  distilla¬ 
tion  method  ( 5 ,  p.  176;  6)  are  too  time-consuming  to  be  desirable 
for  routine  control.  A  method  employing  the  principle  described 
by  Foote  (4)  and  applied  electrometrically  by  Wilcox  (7-9)  over¬ 
comes  this  difficulty  and  has  been  used  successfully  in  process 
control  in  this  plant  for  nearly  two  years. 

Clarke  and  Wooten  (1)  described  the  principle  of  the  titration 
employed  and  its  application  to  the  determination  of  acid  or  al¬ 
kali  in  paper.  Since  the  advantages  of  this  method  in  acidimetry 
on  a  micro  scale  do  not  seem  to  have  been  generally  recognized,  it 
seems  worth  while  to  review  this  principle  briefly. 

In  the  system 

Hg/HgCl  +  xMKC\/xMKC\  //  acid  solution  + 

quinhydrone/Pt 

Fales  and  Mudge  (3)  showed  that  the  potential  was  zero  at  vari¬ 
ous  pH  values  of  the  acid  solution  between  6.13  and  7.67  and 
various  corresponding  values  of  the  molar  concentration  of  po¬ 
tassium  chloride.  Specifically,  and  as  applied  in  the  present 
method,  the  potential  of  the  above  cell  is  zero  when  the  pH  is 
7.03  and  x  is  1.00  (temperature  =  25°  C.).  A  reversal  of  po¬ 
larity  of  such  a  cell  will  indicate  that  pH  7.03  has  been  passed 
and  thus  provide  a  very  sensitive  indicator  for  the  end  point  in 
acidimetry. 

With  the  sensitive  potentiometric  indicator  provided  by  the 
null  point  apparatus  the  ‘‘least  count”  is  of  the  order  of  0.2 
p.p.m.,  and  at  the  same  time  the  advantage  in  speed  of  direct 
titration  over  distillation  is  realized. 

APPARATUS 

The  apparatus  used  consists  of  a  normal  calomel  half-cell,  with 
a  flexible  salt  bridge  to  permit  easy  shaking  of  the  titration  vessel, 
a  Leeds  &  Northrup  Type  2420-C  box  galvanometer,  five  100,000- 
ohm  resistors  in  series  (with  taps),  a  tapping  key,  and  a  bright 
platinum  electrode.  The  general  arrangement  is  shown  sche¬ 
matically  in  Figure  1. 

PROCEDURE 

With  suitable  minor  variations,  the  method  has  been  found 
applicable  to  a  wide  variety  of  materials.  As  applied  to  magne¬ 
sium  chloride  cell  feed  (approximately  75%  magnesium  chloride) 
the  following  is  satisfactory: 

Dissolve  20  grams  of  sample  in  250  cc.  of  boiling  water  in  a 
500-cc.  wide-mouthed  Erlenmeyer  flask.  Add  a  few  drops  of 
methyl  red  indicator  and  add  concentrated  hydrochloric  acid 
dropwise  until  the  solution  is  distinctly  acid  and  all  magnesium 
oxide  is  in  solution.  Cool,  add  approximately  50  mg.  of  quin- 
hydrone,  place  the  flask  in  position,  and  pass  a  stream  of  nitro¬ 
gen  through  it  for  5  minutes.  Continue  bubbling  the  nitrogen 
throughout  the  titration.  Add  0.1  N  sodium  hydroxide  reagent 
slowly  with  all  the  resistance  in  the  circuit  until  the  deflection 
of  the  galvanometer  is  small  when  the  key  is  tapped.  At  this 
point  start  using  0.01  N  sodium  hydroxide  reagent  from  the 
microburet,  and  reduce  the  resistance  of  the  circuit  stepwise  as 


the  null  point  is  approached.  Near  the  end  point  add  the  re¬ 
agent  dropwise,  with  all  resistance  removed,  until  the  null  point 
is  reached.  Equilibrium  is  attained  in  from  1  to  2  minutes  after 
each  addition  of  reagent. 

Remove  the  flask,  add  10  grams  of  pure  mannitol,  replace  the 
flask  >nd  again  sweep  out  the  solution  with  nitrogen  for  at  least 
5  minutes  before  proceeding.  Note  the  microburet  reading  and 
add  0.01  N  sodium  hydroxide  reagent  as  before  until  the  null 
point  is  again  reached.  Again  read  the  microburet,  the  difference 
between  the  two  readings  being  the  boron  titer. 

The  salt  bridge  should  be  flushed  out  between  titrations  to  pre¬ 
vent  contamination  of  the  half-cell  by  diffusion.  The  half-cell 
should  be  checked  at  intervals  against  a  reference  half-cell  to  en¬ 
sure  that  contamination  sufficient  to  change  its  potential  has  not 
occurred.  The  platinum  electrode  should  be  cleaned  frequently 
with  hot  chromic  acid  mixture,  followed  by  thorough  washing 
with  distilled  water. 

EXPERIMENTAL  RESULTS 

Titrations  on  synthetic  solutions  containing  varying  amounts 
of  boron  are  presented  in  Table  I,  and  comparative  results  on 
samples  of  several  materials  by  the  distillation  and  null  point 
methods  are  given  in  Table  II. 


1  Present  address,  Mallinckrodt  Chemical  Works,  St.  Louis,  Mo. 
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Figure  1.  Null  Point  Apparatus 
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Sample 

Table  1.  Titration 

Boron  Present 

of  Synthetic  Solutions 

Boron  Found  Deviation 

Mg. 

Mg. 

Mg. 

i 

10 

10 

0 

2 

10 

12 

+  2 

3 

10 

10 

0 

4 

10 

9 

-1 

5 

10 

8 

-2 

6 

10 

11 

+i 

7 

20 

22 

+  2 

8 

25 

24 

-1 

9 

50 

49 

-1 

10 

50 

54 

+  4 

Table  II.  Comparative  Results 

Boron  Found 

Material 

Distillation 

Null  point 

Difference 

P.p.m. 

P.p.m. 

P.p.m. 

Cell  feed 

34 

36 

2 

Cell  feed 

55 

60 

5 

34%  MgCh 
Liquor 

28 

29 

i 

MgSO. 

5 

6 

1 

Dolomite 

40 

45 

5 

Fluorspar 

10 

12 

2 

DISCUSSION 

Two  main  sources  of  error  must  be  considered.  The  tempera¬ 
ture  coefficient  of  the  normal  calomel  .half-cell  versus  the  quin- 
hvdrone  electrode  probably  does  not  exceed  0.02  pH  unit  per. 
°  C.  Since  the  error  introduced  by  temperature  change  is  not 
large  even  for  an  individual  end  point,  and  since  the  titer  is  meas¬ 
ured  by  the  difference  between  two  readings  which  would  be 
afFected  similarly,  the  chance  for  error  due  to  temperature  varia¬ 
tions  is  very  slight. 

The  second  possibility  is  more  important.  When  the  magne¬ 
sium  chloride  concentration  is  high  a  pronounced  salt  effect  is 
encountered.  This  limits  the  sensitivity  of  the  method  because 
it  is  necessary  to  keep  the  salt  concentration  below  60  grams  per 
liter,  and  this  in  turn  limits  the  amount  of  sample  which  can  be 
handled  in  apparatus  of  practical  dimensions.  The  effect  of  vary¬ 
ing  the  magnesium  chloride  concentration  is  shown  in  Table  III. 

If  it  is  not  possible  to  maintain  a  sufficiently  low  salt  concen¬ 
tration,  a  fairly  good  compensation  can  be  made  by  standardizing 
the  sodium  hydroxide  reagent,  using  weighed  amounts  of  pure, 


dry  boric  acid  in  the  presence  of  the  approximate  salt  concen¬ 
tration  expected.  Presumably  similar  considerations  apply  to 
salts  other  than  magnesium  chloride. 

Errors  due  to  the  presence  of  carbon  dioxide  or  other  weak 
acids,  which  sometimes  enter  into  colorimetric  titration  methods 
employing  two  indicators,  are  minimized  since  the  pH  at  the 
end  of  the  titration  is  the  same  as  that  which  prevailed  before 
addition  of  the  mannitol.  Salts  of  weak  acids  will,  however, 
reduce  the  sensitivity  of  the  end  point.  A  blank  to  check  on  the 
purity  of  the  reagents,  and  on  possible  pickup  of  boron  from  the 
glassware,  is  essential  as  in  other  determinations  of  traces.  The 
only  other  errors  likely  to  occur  are  those  due  to  substances,  such 
as  phosphate,  which  react  with  mannitol,  and  the  errors  to  which 
the  quinhydrone  electrode  and  the  calomel  half-cell  are  normally 
subject. 


Table  III.  Salt  Effect  of  Magnesium  Chloride 


Concentration  of  MgClj 

Titer  for  Aliquots 

G./l. 

Ml. 

115 

1.15 

83.5 

1.29 

70 

1.48 

65 

1.68 

60 

1.74 

55 

1.65 

50 

1.71 
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Macro-  and  Microvessels  for  Polarographic  Analysis 


ALOIS  LANGER,  Westinghouse  Electric  Corporation,  East  Pittsburgh,  Pa. 


Macro-  and  microvessels  for  polarographic  analysis  are  described, 
in  which  an  external  calomel  electrode  as  well  as  an  internal  mer¬ 
cury  pool  can  be  used  as  the  nonpolarizable  anode.  Both  vessels 
are  suited  for  titration  work. 

A  DEFINITE  trend  can  be  noticed  toward  the  use  of  polaro¬ 
graphic  vessels  with  an  external  reference  electrode,  by  use 
of  which  it  is  possible  to  maintain  a  constant  known  electrode 
potential  independent  of  the  solutions  to  be  analyzed.  Many 
designs  of  external  electrodes  have  been  proposed;  the  saturated 
potassium  chloride— calomel  type  is  the  most  popular.  To  pre¬ 
vent  mixing  of  the  solutions,  the  two  half-cells  are  connected  by 
means  of  a  salt  bridge  ( 1 )  or  a  porous  wall;  the  H-cell  of  Lingane 
and  Laitinen  (2),  which  makes  use  of  a  sintered-glass  disk  in 
connection  with  an  agar  gel  plug,  and  the  ceramic  diaphragm 
vessel  of  Maassen  (3)  are  well  known. 

MACROVESSEL 

The  vessel  described  resembles  that  of  Maassen  in  that  the 
calomel  cell  surrounds  the  dropping  electrode  cell  and  a  ceramic 


is  used  for  the  electric  connection.  The  design  is  indicated 
schematically  in  Figure  1 . 

The  first  vessel  constructed  utilized  a  sealed-in  porous  porce¬ 
lain  body,  but  after  a  short  time  the  seal  cracked.  In  a  subse¬ 
quent  vessel  composed  entirely  of  Pyrex  the  plug,  P,  containing 
the  sealed-in  porous  rod  was  precisely  ground  into  the  main  body. 
Excellent  electric  conduction  has  been  observed  with  no  evidence 
of  leakage  of  solution  through  the  plug.  The  plug  may  be  easily 
exchanged  or  cleaned  through  an  opening  in  the  envelope,  which 
is  closed  with  a  rubber  stopper,  5.  A  glass  rod  in  the  stopper 

can  be  pressed  against  the  plug  to  ensure  a  tight  fit. 

A  two-way  stopcock,  W}  is  attached  to  the  bottom  ot  the  cell. 
One  bore  of  the  stopcock  consists  of  a  capillary  tubing  through 
which  the  polarographically  inert  gas  is  bubbled  into  the  solu¬ 
tion  to  expel  the  dissolved  oxygen.  The  other  bore  is  used  tor 
emptying  the  cell.  The  sealed-in  platinum  tubing,  E,  can  serve 
either  as  a  connection  for  an  internal  reference  electrode  or  as  a 
hvdrogen  electrode  for  pH  measurements  of  the  solution. 
Similar  connection,  Ei,  is  used  for  the  calomel  electrode.  I  he 
closed  platinum  tubings  are  soldered  to  grid  caps  to  allow  eaa\ 
connections.  Opening  A  is  used  for  filling  and  empty  mg  the 
calomel  electrode;  the  rubber  band,  B,  prevents  evaporation 
of  solution  from  the  cell.  The  rubber  stopper  which  closes  the 
electrolysis  cell  supports  both  the  mercury  dropping  electrode,  u , 


July,  1945 


ANALYTICAL  EDITION 


455 


and  a  sensitive  (0.1  0  C.  division)  thermometer,  T,  for  tempera¬ 
tures  near  25°  C.  Another  hole  normally  closed  by  a  glass  rod  is 
for  inserting  a  5-ml.  microburet  if  the  vessel  is  used  for  titration. 
A  side  arm,  closed  during  analysis  with  valve  H,  serves  for  con¬ 
venient  filling. 

Copper  tubing,  K,  through  which  water  is  pumped  from  a  large 
thermostated  reservoir,  is  wound  around  the  entire  cell.  The 
coil  is  enclosed  in  a  metal  envelope,  L,  which  has  a  split  bottom 
and  top  to  facilitate  assembly.  Glass  wool  is  used  to  insulate 
the  coil  thermally  from  the  box.  The  envelope  has  an  opening 
for  stopper  S  and  windows  V  on  opposite  sides  for  observation 
of  the  tip  of  the  dropping  electrode  in  order  to  determine  the 
dropping  rate.  Stem  M  permits  the  assembly  to  be  conveniently 
clamped  to  a  support. 

If  the  solutions  to  be  analyzed  were  first  placed  in  the  thermo¬ 
stat,  which  contains  the  wash  bottles  for  conditioning  the  gas 
used  for  expelling  oxygen  from  the  solution,  temperature  equilib¬ 
rium  was  attained  normally  during  the  gas  bubbling  period. 
The  constancy  was  about  =*=0.1°  C.  After  each  analysis,  the 
dropping  electrode  cell  was  rinsed  with  a  spray  of  water  and 
with  a  little  of  the  solution  to  be  next  analyzed.  If  the  vessel 
was  not  in  use,  this  cell  was  filled  with  saturated  potassium  chlo¬ 
ride.  The  flow  of  mercury  was  stopped  by  a  greaseless  valve, 
and  thus  the  potassium  chloride  did  not  suck  into  the  capillary 
tube.  The  capacity  of  the  vessel  was  from  a  minimum  of  20  ml. 
to  cover  the  porcelain  plug  to  a  maximum  of  50  ml. 

The  vessel  can  be  readily  filled  and  emptied,  the  mercury  col¬ 
umn  can  be  maintained  at  a  proper  height  without  adjustment 
or  a  lifting  device,  the  temperature  of  the  solution  to  be  analyzed 
and  that  of  the  external  electrode  is  constant,  and  the  whole 
assembly  is  compact. 

MICROVESSEL 

The  microvessel  is  a  modification  of  the  one  described  by  Majer 
W).  In  the  present  design,  shown  schematically  in  Figure  2, 
an  external  calomel  electrode  as  well  as  the  mercury  pool  holding 
the  solution  can  be  used  as  the  nonpolarizable  anode. 


Figure  2,  Microvessel  with  External  Calomel 
Electrode 


Figure  3.  Assembly  for  Microtitration 
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The  dropping  electrode  cell,  A,  has  a  conical  form  with  a 
maximum  capacity  of  5  ml.  and  is  fitted  with  a  ground  joint,  D, 
to  stem  C.  This  joint  serves  as  the  conductive  connection  with 
the  surrounding  calomel  half-cell.  Through  the  center  of  the 
stem  goes  a  tapered  tube,  B,  ending  in  a  capillary  tip  which  serves 
to  introduce  the  polarographically  inert  gas  into  the  solution. 
Side  arm  H  is  joined  with  rubber  tubing  to  the  leveling  bulb,  K, 
which  can  be  raised  or  lowered  by  the  rack  and  pinion,  L.  At 
E  and  Ex  connections  for  the  internal  and  external  electrode  are 
made.  The  calomel  electrode  is  closed  by  a  ground-in  cup,  F, 
and  is  sealed  against  evaporation  by  a  rubber  band,  G.  The 
whole  vessel  is  closed  by  a  large  ground-in  cup,  M,  which  has  a 
protection  valve,  N.  This  cup  is  firmly  attached  to  the  stand  at 
P,  whereas  the  whole  lower  part  with  the  leveling  bulb  can  be 
moved  up  and  down  on  the  stand  by  a  rack  and  pinion,  R. 

The  vessel  is  filled  from  a  small  pipet  with  the  solution  to  be 
analyzed.  By  lowering  the  mercury  with  the  leveling  bulb,  K, 
so  that  the  ground  joint,  D,  is  exposed  to  the  solution  but  the  tip 
of  the  gas-introducing  capillary  is  still  covered  with  mercury,  the 
external  electrode  is  ready  to  use  as  the  anode.  The  ground 
joint  has  to  be  so  shaped  inside  that  no  mercury  ring  is  formed  at 
the  joint.  The  size  of  the  capillary  tip  for  the  gas  introduction 
must  be  small  enough  to  keep  mercury  from  leaking  down  when 
bubbling  of  the  gas  through  the  capillary  is  stopped.  The  vessel 
is  emptied  by  a  siphon  under  suction,  rinsed  thoroughly  with 
water,  and  dried  with  filter  paper  and  a  stream  of  dry  air  before 
the  next  solution  is  introduced.  Because  of  the  narrowness  of  the 
vessel  a  drawn-out  capillary,  S,  is  used  for  the  dropping  electrode. 
This  also  must  be  wiped  with  filter  paper  after  each  analysis. 

This  vessel  was  developed  mainly  for  the  purpose  of  trying  out 


microtitrations  with  the  mercury  dropping  electrode  as  an  end¬ 
point  indicator.  For  that  purpose,  the  end  of  a  microburet,  T,  was 
introduced  through  the  rubber  stopper  closing  the  large  cup. 
This  end  of  the  buret  was  made  from  a  0.05-mm.  bore  platinum 
tubing  and  was  inserted  in  the  solution  during  titrations.  The 
buret  supplied  0.1  ml.  of  reagent  on  a  scale  30  cm.  long  and  the 
solution  was  displaced  by  mercury.  The  mercury  was  moved  by 
a  steel  screw  rotated  in  a  Kovar  member  sealed  to  the  glass. 

Figure  3  shows  the  arrangement  used  for  titration  work  in 
combination  with  a  compensation  type  of  instrument.  Pre¬ 
liminary  experiments  showed  that  volumes  smaller  than  1  ml. 
can  be  titrated  in  the  vessel  with  results  within  a  few  per  cent 
of  theoretical  values. 
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Determination  of  Bismuth  in  Blood  Serum  or  Plasma 

An  Improved  Colorimetric  Micromethod 

N.  J.  GIACOMINO1 

Research  Laboratories,  Winthrop  Chemical  Company,  Inc.,  Rensselaer,  N.  Y. 


An  improved  method  is  presented  for  colorimetric  estimation  of 
small  quantities  of  bismuth  in  blood  serum  or  plasma;  it  is  especially 
adaptable  for  determining  from  10  to  100  micrograms  per  100  cc. 
of  serum.  When  these  amounts  of  bismuth  are  added  to  serum  and 
plasma,  the  average  recovery  is  92  ±  6%,  the  error  tending  to  be 
less  as  the  amount  of  bismuth  increases.  The  principal  improve¬ 
ments  are:  the  use  of  ascorbic  acid  as  a  reducing  and  stabilizing 
reagent,  the  attainment  of  maximum  light  absorption,  and  the  re¬ 
duction  to  a  minimum  of  the  color  intensity  of  the  reagent  blank. 

SINCE  1880  when  Thresh  (7)  first  published  the  iodobismuthite 
method  for  the  estimation  of  bismuth,  numerous  attempts 
have  been  made  to  apply  the  procedure  to  the  determination  of 
bismuth  in  biological  materials.  The  method  of  Leonard  (8)  may 
be  regarded  as  the  culmination  of  these  attempts.  Von  Oettingen 
(4)  compiled  a  review  of  the  several  procedures  and  their  modi¬ 
fications  published  prior  to  1930.  More  recently,  new  tech¬ 
niques  (5)  applicable  to  the  determination  of  5  micrograms  or 
less  in  biological  samples  have  been  reported,  greatly  facilitating 
research  on  the  pharmacological  behavior  of  this  element.  The 
method  of  Hubbard  (8)  is  particularly  accurate,  but  requires 
more  involved  manipulations  than  that  of  Sproull  and  Gettler 
( 6 )  upon  which  the  procedure  presented  in  this  paper  is  based. 

The  iodobismuthite  method  depends  in  general  upon  the  for¬ 
mation  of  a  yellow  complex  in  an  acid  solution,  with  the  use  of 
potassium  iodide  and  a  suitable  reducing  agent.  However,  the 
small  quantities  of  bismuth  ordinarily  found  in  blood  serum  and 
cerebrospinal  fluid  yield  colors  too  faint  to  be  read  in  the  usual 
laboratory  photoelectric  colorimeter.  A  partial  solution  of  this 
difficulty  has  been  suggested  by  the  work  of  Haddock  ( 1 ),  who 
showed  that  the  colored  complex  may  be  extracted  from  an  aque- 

1  Present  address,  Yale  University  School  of  Medicine,  New  Haven,  Conn. 


ous  solution  by  a  3  to  1  mixture  of  amyl  alcohol  and  ethyl  ace¬ 
tate.  A  number  of  organic  solvents  and  mixtures  thereof  have 
been  tried  in  this  laboratory,  but  Haddock’s  mixture  has  been 
found  as  suitable  as  any  for  this  purpose.  The  extraction  of  the 
iodobismuthite  complex  from  aqueous  solution  into  one  fifth  of 
the  volume  of  organic  solvent  increases  the  sensitivity  of  the 
method  fivefold.  The  use  of  a  special  absorption  cell  (Figure  1) 
further  increases  the  sensitivity. 

Because  the  reagent  blank  usually  has  an  undesirably  high 
color  intensity,  the  possibility  of  using  different  reducing  agents 
was  given  some  attention.  There  are  objections  to  using  sul- 
furous  acid  as  the  sole  reducing  agent,  since  with  potassium  iodide 
it  forms  iodosulfinic  acid,  I(HS02),  which  imparts  a  yellow  color 
to  the  solution  even  in  the  absence  of  bismuth.  The  best  results 
were  obtained  with  a  small  amount  of  sulfurous  acid  supple¬ 
mented  by  ascorbic  acid  as  a  second  reducing  agent.  The 
ascorbic  acid,  furthermore,  serves  a  dual  purpose,  since  in  pre¬ 
venting  the  slow  liberation  of  iodine  from  potassium  iodide  it 
stabilizes  the  extract  for  the  time  necessary  to  obtain  the  read¬ 
ings. 

The  method  reported  herein,  therefore,  introduces  several  sig¬ 
nificant  improvements  in  technique;  the  degree  of  accuracy  and 
sensitivity  which  results  is  considerably  greater  than  in  the  pro¬ 
cedures  hitherto  reported.  It  is  especially  suited  for  determining 
from  1  to  10  micrograms  of  bismuth  in  10  cc.  of  blood  serum  oi 
plasma,  but  undoubtedly  is  applicable  to  determining  very  small 
amounts  of  bismuth  in  other  biological  materials,  although  no  at¬ 
tempt  has  been  made  in  the  present  work  to  demonstrate  this 
point. 

REAGENTS  REQUIRED 

Standard  bismuth  solution,  0.2312  gram  of  bismuth  nitrate 
pentahydrate  dissolved  in  1  to  10  nitric  acid  and  diluted  to  1  litei 
with  distilled  water. 
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Length  of  absorption  cell,  40.0  mm.  along 
light  axis;  volume,  6  cc.  Outside  dimensions 
of  adapter,  0.8  x  4.1  x  2.2  cm. 


Potassium  iodide,  3%,  3  grams  of  c.p.  potassium  iodide  (low  in 
iodates)  dissolved  in  100  cc.  of  distilled  water.  (This  reagent 
should  be  prepared  daily.) 

Ascorbic  acid,  1%,  2  grams  of  good  quality  ascorbic  acid  dis¬ 
solved  in  200  cc.  of  distilled  water.  (This  reagent  should  be  pre¬ 
pared  daily.) 

Sodium  sulfite,  0.75%,  0.75  gram  of  c.p.  anhydrous  sodium  sul¬ 
fite  dissolved  in  100  cc.  of  distilled  water  and  0.6  cc.  of  concen¬ 
trated  sulfuric  acid  added.  (This  reagent  must  be  prepared 
daily.) 

Sulfuric  acid,  approximately  10  N. 

Amyl  alcohol  pure  (Merck)  and  c.p.  ethyl  acetate,  mixed  in  the 
proportion  of  3  to  1. 

Hydrogen  peroxide,  30%,  c.p.  (Superoxol). 

Perchloric  acid,  70%,  and  concentrated  nitric  acid,  mixed  in 
the  proportion  of  2  to  1. 

DISCUSSION  OF  METHOD 

Wiegand,  Lann,  and  Kalich  (8)  have  demonstrated  that  the 
light  absorption  of  the  yellow  iodobismuthite  solution  is  maximal 
at  460  m^  wave  length.  Throughout  this  work,  however,  a  filter 
with  maximum  transmission  at  470  m/x  wave  length  has  proved 
entirely  satisfactory  in  the  Klett-Summerson  colorimeter. 

The  special  absorption  cell  has  a  volume  of  only  6  cc.,  but  causes 
the  light  to  pass  through  40  mm.  of  solution,  thereby  increasing 
the  absorption  readings  about  threefold  over  those  obtained  with 
the  usual  colorimeter  tube.  To  hold  the  40-mm.  cell  in  place  in 
the  Klett-Summerson  instrument  (industrial  model),  a  wooden 
adapter  of  suitable  design  was  constructed  (see  Figure  1). 

Sproull  and  Gettler  ( 6 )  have"  pointed  out  that  the  color  inten¬ 
sity  of  potassium  iodobismuthite  is  a  function  of  the  iodide  con¬ 
centration  of  the  solution,  and  that  the  acidity  of  the  solution 
and  the  amount  of  sulfite,  within  narrow  limits,  apparently  have 
little  effect  upon  light  absorption.  With  3%  potassium  iodide 
the  iodide  concentration  is  such  that  slight  variations  in  measur¬ 
ing  out  this  reagent  do  not  appreciably  impair  the  accuracy  of 
the  determination.  Furthermore,  the  color  intensity  of  the  re¬ 
agent  blank  was  minimal  with  a  2  N  hydrogen-ion  concentration 
and  with  the  sulfite  reagent  making  up  4%  or  less  of  the  final 
volume.  The  amount  of  ascorbic  acid  may  vary  from  10  to  20% 
of  the  final  volume  without  affecting  the  color  intensity. 


•  * 

The  usual  straight  line  calibration  curve  was  established  by 
determining  the  light  absorption  of  the  iodobismuthite  produced 
by  known  amounts  of  bismuth.  The  desired  amounts  of  bismuth, 
taken  from  the  bismuth  standard,  were  treated  with  5  cc.  of  10  N 
sulfuric  acid.  After  dilution  with  10  cc.  of  distilled  water,  the 
color  development,  extraction,  and  reading  were  accomplished 
by  the  method  given  below. 

PROCEDURE  FOR  ANALYZING  BLOOD  SERUM  OR  PLASMA 

A  10-cc.  sample  of  serum  or  plasma  is  ashed  in  a  100-cc. 
Kjeldahl  flask  according  to  the  procedure  outlined  by  Sproull 
and  Gettler  with  the  modification  that  only  1.2  cc.  of  concen¬ 
trated  sulfuric  acid  are  used  to  produce  the  proper  hydrogen-ion 
concentration  in  the  final  solution.  It  has  been  found  necessary, 
also,  to  boil  the  digest  twice  with  10  cc.  of  distilled  water  until 
sulfur  trioxide  fumes  appear  at  the  mouth  of  the  flask,  thus  en¬ 
suring  the  complete  removal  of  any  excess  oxidizing  agents. 

Both  the  color  development  and  the  subsequent  extraction 
can  be  carried  out  in  a  50-cc.  separatory  funnel.  The  cold  digest 
is  transferred  quantitatively  to  the  50-cc.  separatory  funnel  with 
three  5-cc.  portions  of  distilled  water.  After  addition  of  5  cc. 
of  1%  ascorbic  acid,  the  contents  are  mixed  thoroughly  and  2.5 
cc.  of  the  potassium  iodide  reagent  are  added  with  shaking. 
Finally,  to  complete  the  reduction  of  interfering  substances,  1 
cc.  of  the  sulfite  reagent  is  added.  The  solution  is  mixed  thor¬ 
oughly  and  allowed  to  stand  for  10  minutes,  then  treated  with 
6  cc.  of  the  amyl  alcohol-ethyl  acetate  solvent  and  shaken  vigor¬ 
ously  for  2  minutes.  After  the  contents  of  the  funnel  separate 
into  2  layers,  the  aqueous  portion  is  tapped  off  and  the  extract 
run  through  a  cotton  filter-pad  into  the  absorption  cell.  The 
reading  is  taken  at  once,  using  the  extraction  solvent  to  estab¬ 
lish  a  zero  point  and  deducting  the  value  of  the  reagent  blank 
from  each  of  the  other  readings.  The  cell  is  rinsed  with  the  sol¬ 
vent  and  allowed  to  drain  before  each  reading  in  order  to  remove 
any  adhering  solvent  from  the  previous  determination. 


Table  I.  Recovery  of  Bismuth 


Bismuth  Added 

Bismuth  Recovered 

Standard  Deviation 

7 

% 

% 

1 

0.8 

80 

10.00 

0.8 

80 

1.0 

100 

1.0 

100 

9 

1.7 

85 

6.32 

1.7 

85 

1.7 

85 

1.9 

95 

2.0 

100 

3 

3.0 

100 

8.17 

2.3 

77 

2.7 

90 

2.7 

90 

4 

3.0 

75 

8.47 

3.1 

78  • 

3.9 

97 

3.5 

88 

3.7 

93 

5 

4 . 5 

90 

2.24 

4.8 

96 

4.7 

94 

4.6 

92 

6 

5.7 

95 

3.63 

5.7 

95 

5.8 

96 

5.2 

87 

6.6 

94 

4.21 

6.2 

89 

7.0 

100 

6.9 

98 

8 

7.8 

98 

2.59 

7.7 

96 

7.3 

91 

7.5 

94 

9 

8.2 

91 

2.74 

8.5 

94 

8.6 

95 

7.9 

88 

10 

9 . 5 

95 

1.22 

9.2 

92 

9.3 

93 

9.2 

92 

Average  recovery,  92% 

Standard  deviation  of  an  individual  value,  =*=0  y0 
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DISCUSSION  OF  PROCEDURE 

Since  the  color-developing  reaction  is  very  sensitive  to  oxidiz¬ 
ing  impurities,  all  glassware  should  be  thoroughly  cleaned  with 
acid-dichromate  cleaning  solution  or  hot  nitric  acid,  and  rinsed 
several  times  with  tap  water  and  once  with  distilled  water.  As 
a  final  precautionary  measure  the  glassware  may  be  rinsed  with 
a  little  of  the  1%  ascorbic  acid  solution,  which  will  reduce  any 
impurities  present,  such  as  dichromate  from  the  cleaning  solution. 

The  most  common  interfering  substance  in  this  procedure  is 
ferric  iron.  Sproull  and  Gettler  have  shown,  however,  that  it 
must  be  present  in  excess  of  20  mg.  per  100  cc.  to  liberate  iodine. 
The  method  can  be  carried  out  directly  in  the  presence  of  consid¬ 
erable  quantities  of  the  alkali  metals,  magnesium,  manganese, 
zinc,  cobalt,  nickel,  chromium,  and  aluminum  (5). 

As  Wiegand,  Lann,  and  Kalich  have  pointed  out,  using  hypo- 
phosphorous  acid  instead  of  sulfite  reagent,  the  sequence  of  re¬ 
agent  addition  given  above  must  be  adhered  to  for  satisfactory 
results.  While  it  would  be  expected  that  ascorbic  acid  alone 
would  exert  sufficient  reducing  action,  actual  trials  have  proved 
that  a  little  sulfite  reagent  must  be  present. 

Although  the  aqueous  solution  of  potassium  iodobismuthite  is 
stable  for  several  days  if  kept  tightly  stoppered,  the  extracted 
complex  has  been  found  to  remain  stable  for  no  longer  than  30 


minutes.  The  readings,  therefore,  must  be  made  without  undue 
delay  if  accurate  results  are  to  be  obtained. 

From  1  to  10  micrograms  of  added  bismuth  have  been  recov¬ 
ered  from  10  to  20  cc.  of  normal  dog  serum  and  beef  plasma  with 
an  average  accuracy  of  92  ±  6%.  These  data,  presented  in 
Table  I,  demonstrate  that  the  error  tends  to  become  less  as  the 
amount  of  bismuth  increases.  If  quantities  of  bismuth  greater 
than  10  micrograms  are  present,  it  is  necessary  to  use  two  or  even 
three  extractions  with  amyl  alcohol-ethyl  acetate;  the  extrac¬ 
tion  must  be  repeated  until  all  the  yellow  complex  has  been  re¬ 
moved  from  the  aqueous  solution. 
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Separating  and  Detecting  Cupric  and  Cadmium  Ions  in  the 

Copper  Subgroup  of  Group  II 

GERALD  F.  GRILLOT  AND  JERRY  B.  KELLEY 
University  of  Kentucky,  Lexington,  Ky. 


EVANS,  Garrett,  and  Quill  (1)  describe  a  method  of  separat¬ 
ing  cadmium  from  cupric  ions  by  virtue  of  the  fact  that 
copper  forms  a  complex  tartrate  which  is  soluble  in  an  alkaline 
solution,  whereas  cadmium  precipitates  as  cadmium  hydroxide. 
Classes  in  elementary  qualitative  analysis  at  the  University  of 
Kentucky  obtained  unreliable  results  in  using  this  test,  as  evi¬ 
denced  by  the  number  of  reports  in  which  cadmium  was  missed. 
The  students  were  cautioned  to  use  more  sodium  hydroxide  and 
a  longer  period  of  boiling,  but  little  improvement  in  the  detection 
of  cadmium  was  noted. 

The  authors  have  reasofied  that  it  is  difficult  to  remove  the 
ammonia  completely  by  boiling;  thus  the  cadmium  remains  in 
solution  as  the  ammonia  complex  ion.  It  was  decided  to  acidify 
with  concentrated  nitric  acid  the  ammoniacal  solution  obtained 
in  the  separation  of  cupric  and  cadmium  ions  from  bismuth. 
This  was  followed  by  evaporation  to  dryness  in  order  to  remove 
any  ammonia  or  ammonium  salts  that  were  present.  The  residue 
was  put  into  solution  and  was  treated  with  sodium  hydroxide 
and  Rochelle  salts  solution,  whereupon  the  soluble  blue  copper 
tartrate  complex  and  a  heavy  white  gelatinous  precipitate  of 
cadmium  hydroxide  formed. 

The  authors  recognize  the  fact  that  the  cyanide  method  is  as 
reliable  as  this  method  and  much  shorter.  They,  like  many 
other  instructors  of  qualitative  analysis,  object  to  the  use  of  solu¬ 
tions  of  the  poisonous  alkali  cyanides  in  large  freshman  classes  of 
qualitative  analysis.  Therefore  the  goal  in  qualitative  analysis 
seems  to  be  the  development  of  an  alternative  method  which 
will  be  as  reliable  and  as  rapid  as  the  cyanide  separation  of  copper 
and  cadmium. 

This  modification  of  the  separation  has  given  dependable  re¬ 
sults  in  a  small  class  of  pupils  doing  qualitative  analysis,  as  well  as 
in  analysis  carried  out  by  the  authors.  Although  this  article 
describes  the  method  of  separating  cupric  and  cadmium  ions 


using  the  semimicrotechnique,  it  should  be  easily  adaptable  to 
the  macrotechnique. 


PROCEDURE 

It  is  suggested  that  the  analysis  as  described  by  Evans,  Garrett, 
and  Quill  (!)  be  modified  as  follows: 

The  decantate  from  the  precipitation  of  bismuth  hydroxide 
may  contain  Cu(NH3)4+  +  and  Cd(NH3)4++. 

Copper  is  present  if  this  decantate  has  a  deep  blue  to  purple 
color.  If  there  is  any  doubt  about  the  presence  of  copper,  a 
small  sample  of  the  decantate  can  be  acidified  with  dilute  acetic 
acid  and  then  2  drops  of  potassium  ferrocyanide  can  be  added. 
A  red  precipitate  of  copper  ferrocyanide  confirms  the  presence  of 
copper. 

If  copper  is  absent,  make  the  decantate  just  acid  with  dilute 
sulfuric  acid  and  saturate  the  solution  while  cold  with  hydrogen 
sulfide  gas.  A  yellowish  precipitate  of  cadmium  sulfide  con¬ 
firms  the  presence  of  cadmium. 

If  copper  is  present,  place  the  decantate  in  a  casserole  and 
acidify  with  concentrated  nitric  acid,  then  add  5  drops  in  excess. 
Evaporate  this  solution  to  dryness  and  heat  until  all  ammonium 
salts  are  decomposed.  Cool  the  casserole  and  add  1  to  2  drops 
of  6  A  nitric  acid  and  1  ml.  of  water.  Add  10  drops  of  6  A  so¬ 
dium  hydroxide  and  1  ml.  of  0.5  M  potassium  sodium  tartrate 
(Rochelle  salts)  solution.  Centrifuge.  A  white  gelatinous  pre¬ 
cipitate  of  cadmium  hydroxide  confirms  the  presence  of  cadmium. 
The  precipitate  of  cadmium  hydroxide  may  appear  to  be  blue. 
Centrifuge,  decant,  and  wash  twice  with  water.  The  precipitate 
should  be  white.  A  further  confirmation  can  be  carried  out  by 
just  dissolving  this  white  precipitate  in  dilute  sulfuric  acid  and 
then  saturating  the  cold  solution  with  hydrogen  sulfide  gas.  A 
yellow  precipitate  of  cadmium  sulfide  confirms  the  presence  of 
cadmium. 
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Rubber  Laboratory  of  Instituto  Agronomico  do  Norte 


New  Brazilian  Rubber  Laboratory  in  the  Amazon  Valley 

NORMAN  BEKKEDAHL1  AND  FREDRICK  L.  DOWNS2,  Instituto  Agronomico  do  Norte,  Belem  do  Par  a,  Brazil 


AT  THE  mouth  of  the  Amazon  Valley,  in  the  city  of  Belem 
do  Paid,  the  Instituto  Agronomico  do  Norte  was  estab¬ 
lished  in  1941  by  a  decree  of  President  Vargas.  It  is  one  of  seven 
such  institutions  being  set  up  in  various  sections  of  the  country 
by  the  Brazilian  Government  for  the  purpose  of  studying  its  agri¬ 
cultural  products.  Since  the  one  located  in  Belem  is  situated 
within  the  rubber-growing  area  of  South  America,  one  of  its 
more  important  problems  is  the  study  of  rubber  from  its  various 
angles,  such  as  the  botanical,  economic,  and  also  technological 
viewpoints. 

In  the  Amazon  Valley  there  are  many  different  types  of  trees 
and  shrubs  which  yield  a  latex  of  one  form  or  another.  Most 
of  these  latices  produce  rubberlike  substances,  varying  greatly 
in  both  quality  and  quantity.  The  I.A.N.,  therefore,  noted  the 
need  for  a  Rubber  Laboratory  which  would  have  for  its  immedi¬ 
ate  and  chief  purpose  the  evaluation  of  all  of  these  types  of 
rubber  and  the  subsequent  recommendation  of  specific  uses  for 
each  kind.  New  uses  could  also  undoubtedly  be  found  for 
many  of  those  having  unusual  properties. 

In  order  to  make  a  thorough  study  of  the  technological  prob¬ 
lems  connected  with  rubber,  the  I.A.N.  planned  to  set  up  a  well- 
equipped  laboratory  capable  of  conducting  all  necessary  tests 
and  research  on  rubber  and  latex.  However,  there  were  some 
difficulties.  Since  none  of  the  laboratory  apparatus  and  ma¬ 
chinery  needed  was  manufactured  in  Brazil,  it  was  necessary  to 
purchase  from  some  foreign  country.  War  conditions  compli¬ 
cated  matters  and  slowed  up  the  process  of  equipping  the  labora¬ 
tory.  However,  since  the  United  States  of  America  was  greatly 
interested  in  procuring  rubber  from  South  America,  the  Brazilian 
Government  appealed  to  the  Government  of  the  United  States 
of  America  for  assistance  in  obtaining  purchase  priorities  and 
shipping  space,  and  in  installing  the  apparatus  after  its  arrival  at 
the  I.A.N. 

An  agreement  was  made  between  the  two  governments  in 
which  the  two  authors  of  this  paper  were  loaned  to  the  I.A.N.  for 

!  On  loan  to  the  Instituto  Agronomico  do  Norte  during  1943  and  1944 
from  the  National  Bureau  of  Standards,  Washington,  D.  C. 

-  On  loan  to  the  Instituto  Agronomico  do  Norte  during  1943  and  1944 
from  the  American  Steel  and  Wire  Co.,  Worcester,  Mass. 


the  purpose  of  equipping  the  laboratory,  putting  it  into  operation, 
and  training  a  Brazilian  staff  to  operate  it.  The  Brazilian  Gov¬ 
ernment  made  available  about  $30,000,  American  money,  for  the 
purchase  of  this  equipment.  Before  leaving  the  U.S.A.,  the 
authors  selected  all  the  necessary  apparatus  and  machinery, 
and  through  the  cooperation  of  the  Rubber  Development  Cor¬ 
poration  had  them  shipped  to  Belem.  The  shipments  weie 
made  from  New  York  during  1943  on  a  number  of  different  boats, 
but  not  a  single  item  for  I.A.N.  was  lost  through  ship  sinkings. 

SETUP  OF  LABORATORy 

The  Rubber  Laboratory  of  the  I.A.N.  is  housed  in  a  building 
designed  and  constructed  especially  for  tropical  climates.  It  is 
a  one-story  structure,  having  a  very  high  ceiling  (16  feet)  for 
good  ventilation.  The  upper  windows  are  sheltered  by  wide 
eaves,  while  the  lower  ones  are  protected  by  an  ample  veranda 
which  surrounds  the  whole  building.  This  not  only  keeps  the 
hot  sun  from  shining  directly  into  the  laboratory,  but  also  permits 
keeping  the  windows  open  at  all  times  in  spite  of  the  tropical 
rains  which  are  very  heavy  and  frequent. 

The  city  water  supply  to  the  laboratory  is  very  erratic,  and  in 
order  to  have  a  constant  pressure  and  supply  in  the  laboratory  a 
1000-liter  tank  was  placed  in  the  attic.  All  the  water  supplying 
the  needs  of  the  building  is  pumped  automatically  into  this  tank 
from  a  larger  concrete  reservoir  built  underground,  which  is 
filled  from  the  city  supply  during  times  of  sufficiency. 

The  electric  power  supply  is  110  or  220  volts  alternating  cur¬ 
rent,  having  a  frequency  of  50  cycles  per  second.  Much  of  the 
machinery,  especially  the  large  motors,  had  to  be  of  special  de¬ 
sign,  since  the  more  common  motors  designed  for  60  cycles  do 
not  operate  at  their  rated  speeds  on  50-cycle  current  and  also 
tend  to  heat  much  more. 

There  being  no  general  supply  of  heating  or  illuminating  gas  for 
burners,  a  generator  was  installed  on  the  veranda  just  outside 
the  chemical  laboratory.  The  gas,  which  is  produced  from  gaso¬ 
line,  is  piped  into  the  laboratory. 

For  the  steam  supply,  which  is  necessary  for  heating  the  vul¬ 
canizing  and  mixing  machines,  a  small  horizontal  Scotch  Marine, 
6-horsepower,  wood-burning  boiler  was  installed  in  a  specially 
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Floor  Plan  of  Laboratory 


built  boiler  house  very  close  to  the  Rubber  Laboratory.  It  pro¬ 
duces  a  working  steam  pressure  up  to  100  pounds  per  square  inch. 

The  Rubber  Laboratory  consists  of  a  reception  hall,  an  office, 
an  air-conditioned  room,  two  washrooms,  two  storerooms,  two 
chemical  laboratory  rooms,  an  analytical  balance  room,  a  wash¬ 
ing  and  compounding  room,  a  rubber  drying  room,  a  vulcanizing 
room,  and  a  testing  room.  The  diagram  of  the  floor  plan  of  the 
building  indicates  the  position  of  the  rooms  and  the  location  of 
the  larger  pieces  of  apparatus,  machinery,  and  furniture.  The 
smaller  pieces  of  apparatus,  such  as  the  water  still,  hot  plates, 
etc.,  which  are  set  on  top  of  the  laboratory  benches,  are  not  indi¬ 
cated  on  the  drawing.  The  plan  is  drawn  to  scale,  the  length  of 
the  building  being  133  feet.  The  veranda  surrounds  the  building 
and  adds  another  6  feet  on  each  side.  The  total  floor  space  is 
more  than  5000  square  feet,  which  is  ample  for  the  laboratory 
and  occasions  no  crowding  of  either  machinery  or  personnel. 

The  main  entrance  leads  into  a  large  reception  hall,  in  the 
front  part  of  which  are  a  conference  table  and  the  secretary’s 
desk.  At  one  side  is  an  exhibit  table  on  which  are  located  samples 
of  different  kinds  of  Amazonian  rubber,  tapping  knives,  latex 
cups,  and  other  articles  of  interest.  Lockers  for  the  personnel  of 
the  laboratory  are  also  located  in  this  room.  Directly  back  from 


the  entrance  is  the  office  of  the  chief  and  the  assistant  chief  of  the 
Rubber  Laboratory.  This  office  is  equipped  with  two  desks, 
two  file  cabinets,  two  bookcases,  and  a  safe. 

Because  of  the  extremely  high  humidity  (usually  over  90%) 
at  the  mouth  of  the  Amazon,  it  -was  necessary  to  air-condition 
one  room  for  experiments  which  cannot  be  performed  satisfac¬ 
torily  under  conditions  of  high  humidity.  For  this  purpose  a 
small  room  without  windows  was  used,  its  ceiling  was  lowered  to 
8  feet  in  order  to  reduce  the  quantity  of  air  to  be  conditioned, 
and  a  double  door  was  placed  at  the  entrance.  The  cooling  ap¬ 
paratus  for  condensing  the  excess  moisture  is  a  one-horsepower, 
water-cooled  unit.  In  this  air-conditioned  room  are  kept  the 
pH  meter,  the  potentiometer  and  its  accessories,  and  all  the 
laboratory’s  optical  instruments  such  as  the  microscopes,  cam¬ 
eras,  refractometer,  etc.  Experiments  in  which  low  voltages  are 
measured,  as  is  the  case  with  a  potentiometer,  are  conducted  in 
this  room,  since  electrical  leaks  with  resulting  errors  are  caused 
by  high  humidity.  It  was  also  found  necessary  to  keep  all  com¬ 
pound  optical  lenses  at  a  reduced  humidity;  otherwise  a  fungus 
grows  between  the  sections  of  the  lenses  where  they  are  ce¬ 
mented  together. 

The  balance  room,  which  is  located  next  to  the  chemical  labora- 
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-  tory,  contains  three  analytical  balances  which  are  capable  of 
weighing  to  within  0.1  mg.  In  addition  to  the  balances  and 
their  bench,  the  room  contains  three  desks  for  the  laboratory 

I  technicians. 

Two  rooms  are  equipped  for  the  chemical  analysis  and  re¬ 
search  on  rubber  and  latex. 

Together  they  contain  375  square  feet  of  tiled  bench  top,  in- 
_  dicated  on  the  drawing  by  small  squares.  Under  these  benches 

I  are  built-in  cabinets  and  drawers  for  chemicals  and  apparatus. 
Shelves  have  been  installed  in  Chemical  Room  1  for  the  chemicals 
and  glassware  which  are  in  constant  use.  Upon  the  benches  are 
located  two  balances  and  a  scale  of  various  degrees  of  sensitivity 
I  and  capacity,  several  hot  plates,  mechanical  stirring  apparatus, 

:  acetone  extraction  assembly,  Westphal  balance,  water-distilla¬ 
tion  apparatus,  and  wringer  rolls  for  sheeting  coagulated  rubber. 
A3  X  6  foot  hood  which  is  equipped  with  water,  gas,  and  elec¬ 
tricity  is  located  in  one  corner  of  the  room.  A  cream  separator 
especially  designed  for  latex  is  used  for  the  concentration  of  lat- 
ices.  Chemical  Room  2  contains  two  drying  ovens,  a  muffle 
furnace,  a  constant-temperature  bath,  a  laboratory  centrifuge, 
a  refrigerator,  and  a  cabinet  for  chemical  apparatus,  as  well  as  a 
rack  for  air-drying  small  sample  sheets  of  coagulated  rubber  pre¬ 
vious  to  oven-drying. 

The  compounding  and  washing  room  contains  about  140  square 
[feet  of  laboratory  benches  under  which  are  built-in  bins  and 
[shelves  which  hold  the  compounding  ingredients. 

On  top  of  the  benches  are  a  number  of  5-gallon  tins  which  con- 
[tain  the  compounding  ingredients  most  frequently  used.  The 
[room  has  several  balances,  the  most  sensitive  being  capable  of 
[weighing  to  the  nearest  0.01  gram,  and  the  largest  having  a  ca- 
i  pacity  of  10  kg.  A  workbench  equipped  with  a  fairly  complete 
[set  of  tools  fits  against  one  wall  of  the  room.  There  is  also  a  rack 
|  on  which  to  dry  the  rubber  crepe  after  it  comes  from  the  washing 
I  mill. 

The  mixing  mill  is  of  the  latest  type  6  X  12  inch  laboratory- 
|size,  operated  by  a  5-horsepower  helical-geared  electric  motor. 

It  is  equipped  with  a  magnetic  starting  switch,  and  also  with  a 
|  magnetic  disk  brake  operated  by  overhead  levers.  The  rolls  are 
|  cooled  internally  by  passing  water  through  them.  The  mill  is 


installed  on  a  concrete  block  2  feet  in  depth  which  is  set  directly 
into  the  earth.  The  concrete  floor  of  the  laboratory  does  not 
touch  the  base  of  the  machine;  the  space  between  floor  and  base, 
which  is  about  2  inches  wide,  is  filled  with  sand  and  covered  with 
asphalt.  This  type  of  installation  greatly  diminishes  the  vibra¬ 
tion  and  sound  of  the  machine  in  the  building.  The  washer  for 
rubber  is  the  same  size  as  the  mixing  mill.  It  is  also  operated  by 
a  separate  5-horsepower  motor,  and  is  installed  in  the  same  man¬ 
ner  as  the  mill. 

The  vulcanizing  room  is  large,  and  besides  the  vulcanizing 
apparatus  and  accessories  it  contains  a  Banbury  mixer,  a  Baker- 
Perkins  mixer,  aging  bombs,  arbor  press,  abrader,  and  buffer. 

The  vulcanizing  press  is  a  2-opening,  4-bolt  press,  with  20  X 
20  X  1.5  inch  steel  platens.  It  has  a  12-inch  ram  with  a  stroke  of  16 
inches.  The  ram  is  operated  by  water  pressure  obtained  from  two 
hand  pumps,  one  for  closing  the  press  and  the  other  for  producing 
the  high  pressures,  1000  pounds  per  square  inch  generally  being 
used.  An  “accumulator”  of  heavy  spring  type  which  is  con¬ 
nected  with  the  wrater  chamber  of  the  press  helps  to  hold  a  con¬ 
stant  pressure.  The  heat  for  the  platens  is  supplied  by  steam, 
which  passes  to  and  from  them  through  swing  joints.  The  steam 
pressure  is  kept  constant  by  means  of  a  control  valve  operated  by 
air  pressure  supplied  by  an  electrically  driven  compressor  and 
tank. 

The  horizontal  open-steam  vulcanizer  is  a  20  X  36  inch  jack¬ 
eted  autoclave  fitted  with  a  hinged  quick-opening  door.  It  is 
suitable  for  either  open-steam  or  dry  vulcanizations,  and  is  built 
to  withstand  pressures  up  to  150  pounds  per  square  inch.  Its 
steam  pressure  is  also  controlled  by  an  automatic  valve  like  the 
one  used  on  the  press.  Since  these  vulcanizers  have  separate 
controls,  they  can  be  operated  independently  of  one  another. 
Directly  in  front  of  these  vulcanizers  is  a  table  with  a  sheet-iron 
top,  3X8  feet,  upon  which  are  placed  the  hot  molds  or  other 
products  from  the  vulcanizers.  Two  cabinets  have  been  con¬ 
structed  for  metal  trays  in  which  the  compounded  batches  of 
rubber  are  kept  before  vulcanization. 

The  Banbury  mixer  is  the  laboratory  Size  B  which  has  a  ca¬ 
pacity  of  0.5  gallon  in  the  chamber,  and  can  handle  about  2 
pounds  of  crude  rubber.  It  is  driven  by  a  7.5-horsepower  re¬ 
versible  electric  motor  'controlled  by  magnetic  switches.  This 
mixer  is  jacketed  for  steam  heating,  and  its  rotors  are  connected 
to  the  water  supply  for  internal  cooling. 
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The  Baker-Perkins  mixer  is  of  laboratory  size  and  has  a  work¬ 
ing  capacity  of  2.25  gallons.  It  can  be  used  for  mixing  fairly 
heavy  pastes  and  plastic  masses,  and  is  especially  useful  for 
making  extractions  from  rubber,  gutta  percha,  balata,  and  such 
materials .  It  is  operated  by  a  5-horsepower  electric  motor,  and 
is  connected  to  the  motor  in  such  a  way  that  it  can  be  tilted  to 
drain  the  contents  without  stopping  the  blades  of  the  mixer.  It 
is  also  jacketed  and  connected  to  the  steam  line  for  heating.  Both 
mixers  are  installed  on  strong  concrete  bases  separated  from  the 
concrete  floor  in  the  same  manner  as  the  mixing  and  washing 
mills.  ,  ,  ,  ,  , 

The  laboratory  has  both  the  oven  and  the  bomb  types  of  ac¬ 
celerated  aging  equipment.  The  former  is  an  electrically  heated 
triple-walled  oven  in  which  a  uniform  temperature  is  maintained 
by  means  of  forced  circulation  of  air  from  a  fan  motor.  The 
latter  apparatus  consists  of  a  constant-temperature  bath  which 
contains  two  bombs  with  internal  dimensions  of  6  inches  in  di¬ 
ameter  and  10  inches  in  depth. 

In  order  to  produce  rubber  test  specimens  of  uniform  thickness 
from  irregular-shaped  rubber  objects,  a  grinder  of  the  eccentric 
arc  type  developed  at  the  National  Bureau  of  Standards  is  used 
for  buffing  the  rubber  pieces.  The  grinder  is  operated  by  an  elec¬ 
tric  motor  which  gives  a  peripheral  speed  of  about  5000  feet  per 
minute  to  the  5-inch  Carborundum  wheel. 

Tests  on  the  resistance  to  abrasion  are  made  on  an  abrader  also 
designed  at  the  National  Bureau  of  Standards.  It  holds  the  rub¬ 
ber  sample  with  a  constant  force  against  a  rotating  wheel  covered 
with  garnet  paper.  Dial  gages  record  the  change  in  thickness  of 
the  sample  of  rubber  as  it  wears,  while  a  revolution  counter 
measures  the  distance  traveled. 

The  stress-strain  relationships  for  rubber  are  measured  in  a 
Scott  tensile  tester  No.  L-6.  This  machine  is  a  vertical-type 
tester,  driven  by  a  motor,  and  equipped  with  a  compensating 
head  and  spark  recorder.  It  has  a  capacity  of  150  pounds,  and 
can  be  made  to  operate  at  either  2  or  20  inches  per  minute.  The 
stresses  are  recorded  directly  in  either  pounds  per  square  inch 
or  in  kilograms  per  square  centimeter.  Samples  for  test  in  this 
machine  are  previously  buffed  to  uniform  thickness  in  the 
grinder  or  are  vulcanized  in  a  standard  mold  which  gives  a  sheet 
approximately  0.075  inch  thick.  From  sheets  prepared  by  either 
of  these  two  methods,  dumbbell-shaped  specimens  are  cut  by 
means  of  standard  dies  in  an  arbor  press.  The  thickness  of  the 
specimens  is  measured  by  dial  gages  graduated  in  thousandths  of 
an  inch. 

The  apparatus  for  the  measurement  of  permanent  set  is  com¬ 
posed  of  10  units,  each  of  which  holds  a  small  rubber  strip. 
These  strips  are  cut,  by  means  of  a  special  die,  from  the  same 
sheet  from  which  the  tensile  test  specimens  are  taken. 

Fatigue  tests  on  rubber  are  made  in  a  De  Mattia-type  flexing 
machine,  which  uses  test  specimens  of  molded  strips,  1  X  0.25  X 
6  inches,  with  a  semicircular  transverse  groove,  0.125  inch  in  di¬ 
ameter,  across  the  middle.  A  motor  causes  the  samples  to  be 
flexed  at  a  rate  of  about  475  strokes  per  minute.  A  counter  re¬ 
cords  the  number  of  flexes,  and  the  operation  is  continued  until 
cracking  or  failure  occurs  in  the  groove. 

Hardness  measurements  on  rubber  can  be  made  at  the  labora- 
tory  by  means  of  the  Shore  durometer,  which  gives  arbitrary 
numerical  values  ranging  from  0  to  100,  depending  on  the  amount 
of  indentation  of  a  blunt  pin  operating  under  pressure  from  a 
spring.  Hardness  can  also  be  measured  by  means  of  the  Pusey 
and  Jones  plastometer,  in  which  a  dead  weight  is  used  to  apply 
.the  indenting  force. 


Compression-set  tests  of  vulcanized  rubber  are  made  in  an 
apparatus  which  compresses  the  rubber  sample  under  a  constant 
load  exerted  by  a  calibrated  spring.  The  percentage  of  com¬ 
pression  set  is  measured  after  the  sample  and  apparatus  have 
been  subjected  to  an  elevated  temperature  for  a  specified  time. 
The  plasticity  or  flow  characteristics  of  unvulcamzed  rubber  are 
measured  by  a  Williams  plastometer,  in  which  the  sample  is 
compressed  under  a  dead-weight  load  at  an  elevated  temperature, 
and  the  rate  of  change  of  thickness  is  observed.  This  latter  test 
is  generally  used  for  control  purposes  during  the  milling  or  com¬ 
pounding  operations. 

The  extremely  high  ceilings  in  the  laboratory  building  per¬ 
mitted  the  construction  of  additional  rooms  above  the  air-con¬ 
ditioned  room  and  the  washroom  next  to  it.  One  of  these  was 
made  into  a  storeroom  for  chemical  supplies,  and  the  other  a  dry¬ 
ing  room  for  rubber  crepe.  The  latter  room  is  heated  electrically , 
and  vents  near  the  bottom  and  the  top  of  the  room  are  controlled 
so  as  to  allow  the  hot  saturated  air  to  escape  and  fresh  air  to  enter. 

The  Rubber  Laboratory  directs  the  operation  of  a  small  sheet- 
rubber  factory  located  a  few  miles  distant  in  the  jungles  where 
rubber  trees  are  more  abundant.  The  factory  is  well  equipped 
to  coagulate  latex  by  any  of  the  chemical  or  smoking  methods, 
and  it  processes  an  average  of  more  than  100  liters  of  latex  each 
day.  Barrels  are  used  for  holding  the  latex  during  the  mixing 
and  diluting  operations.  Pans  of  either  wood  or  metal  are  used 
during  coagulation  by  chemical  or  natural  processes.  Wringer 
rolls  and  marking  rolls  squeeze  the  water  from  the  coagulum  and 
form  the  ribbed  smoked  sheets.  A  smokehouse  takes  care  of 
the  smoking  and  drying  of  these  sheets.  Near  the  factory  are  a 
number  of  small  individual  smoke  huts  in  which  latex  is  coagu¬ 
lated  by  smoking  it  on  sticks  or  paddles.  This  factory,  including 
the  smoke  huts,  serves  as  a  pilot  plant  for  the  Rubber  Labora¬ 
tory,  performing  experiments  on  the  coagulation  of  latex  on  a 
larger  scale  than  can  be  done  in  the  laboratory.  It  also  produces 
much  of  the  rubber  on  which  are  conducted  the  tests  and  research 
of  the  Rubber  Laboratory.  The  rubber-producing  trees  in  the 
vicinity  of  the  factory  are  tapped  to  the  fullest  extent  at  all  times, 
and  the  rubber  which  is  not  needed  for  experimental  purposes 
is  placed  on  the  market. 

LIBRARY 

One  very  important  feature  of  the  Rubber  Laboratory  is  its 
excellent  library.  The  I.A.N.  has  a  large  collection  of  books  and 
journals  related  to  all  scientific  phases  of  agriculture,  such  as 
botany,  biology,  entomology,  genetics,  bacteriology,  zoology, 
chemistry,  and  physics. 

On  the  subjects  of  the  chemistry,  physics,  and  technology  of 
rubber  and  latex,  the  library  is  very  complete.  The  journals 
on  rubber  include  Rubber  Chemistry  and  Technology,  Summary 
of  Current  Literature  and  Abstracts  of  the  Research  Association 
of  British  Rubber  Manufacturers,  Transactions  of  the  Institution 
of  the  Rubber  Industry,  Journal  of  the  Rubber  Research  Institute 
of  Malaya,  India  Rubber  World,  Rubber  Age  (N.  Y.),  Rubber  Age 
(London),  and  others.  Each  of  the  first  four  is  complete  from 
Volume  1  to  the  latest  issue;  the  other  sets  are  as  yet  incom¬ 
plete.  For  other  journals  also  important  to  the  rubber  labo¬ 
ratory,  the  library  has  complete  sets  of  Industrial  and  Engi¬ 
neering  Chemistry,  both  the  Industrial  Edition  and  the 
Analytical  Edition;  Journal  of  the  American  Chemical  So¬ 
ciety;  Chemical  Abstracts;  Journal  of  Organic  Chemistry;  Chemi¬ 
cal  Reviews;  Journal  of  the  Association  of  Official  Agricultural 
Chemists;  Journal  of  Research  of  the  National  Bureau  of  Stand¬ 
ards;  Journal  of  Biochemistry;  Soil  Science;  and  others.  It 
also  has  the  Journal  of  the  Chemical  Society  (London)  from  1888 

to  1942.  .  , 

There  are  many  important  sets  of  books,  such  as  Bedstein  s 
“Organische  Chemie”,  Landolt-Bornstein’s  “Physikalisch-Chem- 
ische  Tabellen”,  and  “International  Critical  Tables”.  This  ex¬ 
cellent  library,  continuing  to  be  enlarged  considerably,  is  a  strong 
asset  to  the  Rubber  Laboratory  in  its  isolated  location  in  thf 
tropics  several  thousand  miles  from  any  other  technical  library 
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A  Simple  Automatic  Media  Dispenser 

A.  A.  ANDERSEN 

Western  Regional  Research  Laboratory,  U.  S.  Department  of  Agriculture,  Albany,  Calif. 


Figure  1 .  Automatic  Media  Dispenser 


THE  automatic  media  dispenser  shown  in  Figure  1,  which  has 
been  constructed  in  this  laboratory  from  inexpensive  parts, 
enables  an  operator  to  dispense  media  at  many  times  the  speed 
of  hand  work. 

The  essential  parts  are  a  20-ml.  syringe  with  tip  end  removed, 
a  system  of  valves  and  tubes  (Figure  2),  a  driving  mechanism, 
and  stable  mounting. 

The  barrel  of  the  syringe  was  cut  at  the  zero  mark.  The  open 
end  was  connected  by  means  of  a  rubber  stopper  to  a  valve  sys¬ 
tem,  which  consists  of  a  glass  T  and  two  check  valves  cut  from 
No.  2  rubber  stoppers  as  shown  in  Figures  2  and  3.  (The  valves 
are  propped  open  to  show  construction.)  Intake  and  delivery 
tubes  were  connected  to  these  valves  as  indicated.  For  small 
deliveries  (below  5  ml.),  where  greater  accuracy  is  required,  the 
tip  of  the  delivery  tube  should  be  restricted.  The  dispenser  can 


Figure  2.  Valve  Assembly 


Figure  3.  A.  Double  Horseshoe 
Coupling.  8  Valve  Propped  Open 
to  Show  Construction 


be  calibrated  and  a  new  scale  placed  on  the  barrel  of  the  syringe 
to  indicate  the  amount  delivered. 

The  syringe  holder  is  held  in  place  with  two  screws,  one  coun¬ 
tersunk  and  one  round-headed  with  washer,  which  allow  the 
syringe  to  be  properly  aligned  with  the  drive  shaft.  This  align¬ 
ment  is  important  for  smooth  operation  and  is  obtained  by  pump¬ 
ing  a  few  strokes  with  screws  loosened  and  then  tightening  the 
screws. 

The  driving  mechanism  consists  of  a  12.5-cm.  (5-inch)  hard¬ 
wood  wheel,  with  an  adjustable  slide  for  regulating  delivery  a 
0.6-cm.  (0.25-inch)  steel-jointed  drive  shaft  about  45.5  cm.  (19 
inches)  long,  and  a  crank  or  motor  or  both.  The  drive  shaft  is 
attached  to  the  syringe  plunger  with  a  double  horseshoe  coupling 
(Figure  3A),  which  is  readily  removed  when  it  is  necessary  to  flush 
air  from  the  syringe. 

The  dispenser  can  be  operated  by  hand  or  by  motor.  Hand 
operation  is  fairly  satisfactory  for  most  routine  work .  however, 
a  small  motor  with  gear  reduction  and  pulley  to  give  proper  speed 
(25  to  40  strokes  per  minute)  is  desirable,  especially  if  a  large 
amount  of  work  is  to  be  done  or  greater  accuracy  is  required. 
The  dispenser  as  shown  is  equipped  with  a  Vso  horsepower  universal 
motor  with  20-to-l  gear  reduction.  The  cost  of  the  motor  and 
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gear-reduction  unit  is  about  $10.  The  5-step  pulley  was  cut  from 
a  No.  6  rubber  stopper,  by  means  of  a  file,  while  the  stopper  was 
rotated  on  a  shaft.  The  size  of  stopper  will  depend  upon  the 
speed  of  the  motor.  The  speed  of  the  universal  motor  is  also 
controllable  by  variation  of  voltage. 

With  uniform  speed  the  volumes  delivered  are  reproduced  with 
remarkable  accuracy,  which  has  been  determined  by  weighing 
random  deliveries  in  stoppered  bottles.  The  tabulation  below 
lists  typical  results  on  deliveries  of  20,  10,  and  2  ml.  of  water. 
Deliveries  of  air  were  found  to  be  similarly  reproducible. 


Ml.  Ml.  Ml. 

20.02  10.00  2.008 

20.00  10.00  2.001 

20.00  9.99  2.005 

20.00  9.99  2.002 

20.01  9.99  2.006 


Any  common  liquid  or  gas  that  does  not  attack  rubber  or  glass 
can  be  dispensed  in  the  apparatus.  Practical  sterilization  of  the 
apparatus  can  be  obtained  if  both  intake  and  delivery  tubes  are 
placed  in  a  flask  of  boiling  water  and  the  machine  is  operated  a 
few  minutes.  The  syringe,  valve  system,  and  tubes  can  be 
wrapped  in  a  towel  and  sterilized  in  an  autoclave.  Parts  are 
easily  cleaned  or  replaced.  After  agar  medium  has  been  dis¬ 
pensed,  cleaning  is  effected  by  prompt  circulation  of  hot  water 


through  the  device. 

The  apparatus  can  be  used  to  aerate  fermentations  or  to  cir¬ 
culate  liquids  or  gases  in  closed  systems.  Used  as  a  vacuum 
pump,  it  creates  pressures  of  8  to  10  cm.  of  mercury.  When 
turned  by  hand  it  serves  particularly  well  as  a  filter  pump.  The 
type  of  valve  employed  has  still  other  uses — on  wash  bottles, 
filter  pumps,  and  vacuum  lines  to  prevent  backflow. 


Magnetic  Easel  for  Use  in  Spraying  Test  Panels 

T.  H.  GLYNN  MICHAEL 

Paint  Research  Laboratory,  National  Research  Council,  Ottawa,  Canada 


IN  ALL  paint  research  and  testing  laboratories,  small  test 
panels  are  continually  being  sprayed.  None  of  the  normal 
methods  for  suspending  these  panels  during  spraying  is  satis¬ 
factory.  Hanging  the  panels  on  nails,  supporting  by  adhesive 
tape,  and  holding  in  wooden  guides  have  all  been  tried,  but  all 
are  time-consuming  and  each  has  some  drawbacks. 


Figure  1.  Magnetic  Easel 


In  order  to  overcome  the  difficulties  involved,  an  electro¬ 
magnetic  easel  was  built  for  this  laboratory.  This  principle 
has  been  used  for  holding  tinplate  panels  in  a  horizontal  position 
during  the  production  of  drawdowns  ( 1 ),  but  it  does  not  appear 
to  have  been  previously  used  for  holding  panels  during  spray¬ 
ing.  The  instrument  (Figure  1)  consists  of  eight  horseshoe  elec¬ 
tromagnets,  wound  on  soft  steel  cores,  which  are  mounted  with 
the  free  ends  of  the  poles  flush  with  the  working  surface  of  the 
easel.  The  magnets  are  boxed  in  behind  the  easel  and  the  whole 
is  pivoted  on  a  horizontal  axis,  so  that  it  may  be  swung  to  the 
normal  70°  spraying  angle.  The  electromagnets  are  connected 
in  parallel,  and  supplied  by  a  110-volt  direct  current  line.  If 
direct  current  is  not  available,  magnets  suitable  for  alternating 
current  use  may  be  wound  on  laminated  cores. 

A  sketch  of  the  instrument,  indicating  the  dimensions  and  the 


Figure  2.  Diagram  of  Easel 


electrical  circuit,  is  shown  in  Figure  2.  Size  and  number  of 
electromagnets  may  be  modified  to  meet  individual  requirements. 

In  use,  the  easel  is  placed  horizontally,  covered  with  a  piece  of 
kraft  paper,  and  the  necessary  test  panels  are  laid  upon  it.  The 
current  is  then  switched  on,  the  easel  turned  to  the  appropriate 
angle,  and  the  spraying  carried  out.  The  easel  is  then  returned 
to  the  horizontal,  the  current  turned  off,  and  the  sheet  of  kraft 
paper  bearing  the  panels  transferred  to  a  piece  of  wallboard  which 
is  set  aside  during  drying. 

The  easel  will  hold  the  panels  firmly  in  place  against  40  pounds 
air  pressure  at  the  gun  without  any  movement,  requires  no  drilling 
or  other  preparation  of  the  panels,  does  not  mask  any  part  of  the 
panels,  and  leaves  the  backs  clean  for  subsequent  coating  if 
necessary. 
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Equilibrium  Humidity  Measurement 

J.  F.  VINCENT  AND  K.  E.  BRISTOL,  Research  Laboratories,  The  Goodyear  Tire  and  Rubber  Company,  Akron,  Ohio 


THE  increased  use  of  dehydrated  foods  in  recent  years  has  led 
to  extensive  work  on  the  determination  of  equilibrium  humid¬ 
ity,  not  only  on  dry  foods  but  on  other  items  as  well. 

In  measuring  equilibrium  humidity  Adams  and  Merz  (I)  made 
use  of  the  isoteniscope.  Evans  and  Davenport  (3)  employed  a 
manometric  method  and  used  lithium  chloride  monohydrate  to 
absorb  water  vapor  specifically  in  the  determination  of  water  in 
oil.  Makower  and  Dehority  ( 6 )  exposed  vegetable  slices  to  at¬ 
mospheres  maintained  at  constant  humidity  by  sulfuric  acid  solu¬ 
tions  and  noted  the  subsequent  sorption  or  desorption.  Yee  (7) 
and  Graebner  (4)  determined  humidity  by  use  of  Dunmore’s 
(2)  electric  hygrometer. 


Figure  1.  Apparatus 

The  weight  alteration  method  is  slow  while,  as  in  this  labora¬ 
tory,  electrical  equipment  for  humidity  work  is  not  always  readily 
available.  Since  previous  manometric  methods  have  been  rather 
complex  for  routine  work,  there  is  a  definite  place  for  a  simple, 
readily  available  apparatus  for  determining  equilibrium  humid- 

j  ity. 

The  apparatus  here  described  (Figure  1)  has  been  used  in  this 
laboratory  for  a  number  of  months  with  very  satisfactory  results. 
It  is  inexpensive  and  can  be  made  by  a  person  with  modest  glass- 
blowing  attainments. 

A  sample  of  the  material  to  be  investigated  is  placed  in  the 
100-ml.  flask,  B.  Stopcocks  A  and  C  are  opened  and  the  air  is 
evacuated  through  C.  This  operation  should  be  complete  in  3 
minutes.  C  is  then  closed  and  the  system  allowed  to  come  to 
equilibrium.  This  usually  requires  about  10  minutes,  but  may  be 
'  determined  by  repeated  observations  of  the  mercury  level  in  the 
manometer.  Next  A  is  closed  and  leg  D  is  immersed  in  a  dry 
ice-acetone  bath.  The  difference  between  the  equilibrium  pres¬ 
sure  and  the  pressure  obtained  after  freezing  out  moisture  vapor 


Figure  2.  Humidity  Measurement 

1.  Orange  juice  powder.  2.  Pipe  tobacco.  3.  Soil  inoculator 


is  the  vapor  pressure  of  the  moisture  in  the  material.  This  figure 
may  be  converted  to  per  cent  relative  humidity  by  dividing  by 
the  vapor  pressure  of  pure  water  at  the  temperature  of  measure¬ 
ment. 

The  freezing-out  step  may  be  omitted  by  obtaining  vapor  pres¬ 
sure  as  the  difference  between  equilibrium  pressure  and  the  pres¬ 
sure  of  the  pump  when  stopcock  A  is  closed.  This  method  is  not 
valid  if  there  is  adsorbed  air  in  the  sample. 

One  may  determine  the  effect  of  temperature  on  vapor  pressure 
by  immersing  flask  B  in  a  controlled-temperature  bath  and  noting 
the  resulting  pressures. 

A  complete  humidity  vs.  moisture  content  curve  may  be  ob¬ 
tained  on  one  sample  by  making  these  measurements  at  intervals 
during  vacuum  dehydration  of  the  sample  in  flask  B. 

The  type  of  data  obtained  with  the  apparatus  is  illustrated  by 
Table  I  and  Figure  2. 

The  accuracy  of  the  apparatus  is  limited  by  the  accuracy  with 
which  the  manometer  is  read.  All  data  reported  in  this  paper  are 
the  result  of  observations  made  without  use  of  a  cathetometer. 
Another  factor  which  limits  the  accuracy  of  equilibrium  humid- 


Table  I.  Humidity 


Moisture, 

Humidity 

Product 

% 

00 

0 

Orange  juice  powder 

1.8 

2 . 2 

i 

8 

s!i 

13 

3.2 

18 

Pipe  tobacco 

5.7 

27 

6.7 

33 

11.2 

48 

12.8 

54 

Soil  inoculator 

13 

30 

30 

67 

37.5 

83 

42 

93 

Table  II.  Experimental  Results 

Observed  Vapor 


Salt  Temperature  Pressure 

°  C.  Mm. 

KCjHsOz  20  3.8 

(NHP2SO4  27.2  21.2 

NH4H2PO1  26.7  24.5 


True  Vapor 
Pressure  ( 5 ) 
Mm. 

3.5 

21.9 

24.4 
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ity-moisture  content  curves  is  the  difficulty  of  exactly  measuring 
the  moisture  content  of  a  large  number  of  materials. 

Table  II  shows  the  results  obtained  experimentally  with  satu¬ 
rated  salt  solution  of  known  water  vapor  pressure. 

SUMMARY 

A  simple,  easily  made  manometric  apparatus  allows  rapid 
measurement  of  equilibrium  humidity.  Operation  is  based  on  the 
measurement  of  pressure  exerted  before  and  after  freezing  out 
moisture  vapor,  thus  avoiding  error  due  to  adsorbed  gases.  Three 
fugacity  curves  for  the  moisture  contained  in  natural  products  are 
presented. 
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A  Rapid  Laboratory  Evaporator 

K.  S.  KEMMERER 

Mead  Johnson  &  Company,  Evansville,  Ind. 


IT  IS  often  Decessary  to  concentrate  or  recover  volumes  of 
liquid  in  the  laboratory  that  are  too  small  for  pilot-plant  equip¬ 
ment  but  large  enough  to  be  very  tedious  with  the  usual  labora¬ 
tory  distillation  apparatus.  The  evaporator  described  is  de¬ 
signed  to  hasten  these  operations.  Dimensions  may  be  varied 
to  suit  individual  needs  (#). 

The  apparatus  is  readily  assembled  from  ordinary  laboratory 
glassware  except  for  the  condenser  (Figure  1).  The  condenser, 
D,  made  from  16-gage  sheet  copper,  is  60  cm.  long  and  12  cm. 
in  diameter,  and  is  provided  with  two  cooling  surfaces  as  shown. 
Water  is  sprayed  on  the  inner  surface,  thus  giving  a  rapid  flow  of 
cooling  water  through  this  part  of  the  shell.  Water  inlet  (9.5- 
mm.)  and  outlet  (19-mm.)  tubes  may  be  of  any  desired  size  but 
should  be  large  enough  to  permit  a  rapid  flow  of  water. 

The  heating  tubes,  A,  are  made  much  like  an  ordinary  con¬ 
denser.  The  inner  tube  is  27  mm.  in  inside  diameter.  The 
jacket  is  50  cm.  long  and  contains  three  openings.  The  bottom 
outlet  is  the  condensate  drain.  The  top  outlet  is  connected  to  a 
pressure  gage  and  a  safety  valve  adjusted  to  release  at  2  kg.  (5 
lb.)  pressure.  Tt  is  well  to  provide  an  air  vent  from  this  outlet 
by  inserting  a  T-tube  with  one  arm  of  the  T  partially  clamped 
off.  Steam  is  introduced  through  the  third  opening. 

The  evaporator  flask,  B,  is  made  from  a  5-liter  round-bottomed 


flask,  which  has  a  side  opening  placed  slightly  below  the  center  of 
the  flask  and  to  the  back.  This  position  causes  the  entering 
liquid  to  swirl  rapidly  about  the  flask  and  thus  aids  in  the  evolu¬ 
tion  of  the  vapor  from  the  heated  liquid.  The  connection  between 
evaporator  B  and  condenser  D  is  30-mm.  outside  diameter  tub¬ 
ing.  The  bottom  drain  is  fitted  with  a  stainless  steel  baffle  plate. 
The  baffle  is  introduced  through  the  neck  of  flask  B  witn  the 
spring  attached  to  the  lower  end.  The  other  end  of  the  spring  is 
hooked  over  the  end  of  the  drain  tube.  The  baffle  slows  the 
spinning  liquid  sufficiently  to  keep  the  drain  tube  full.  Reservoir 
C  is  made  from  a  1-liter  round-bottomed  flask.  The  receiver,  E, 
is  a  22-liter  flask.  The  tube  draining  the  condensate  from  the 
condenser  is  15  mm.  in  inside  diameter,  giving  adequate  space 
for  draining  the  condensate  and  maintaining  the  vacuum  through¬ 
out  the  apparatus.  All  connections  are  made  with  rubber  tubing 
and  stoppers. 

The  operation  of  the  evaporator  is  simple.  A  single  water 
aspirator  is  used  as  a  means  of  reducing  the  pressure  in  the  ap¬ 
paratus.  The  liquid  is  fed  into  the  still  until  the  level  is  slightly 
above  the  baffle  plate  in  B.  Steam  is  turned  on  in  the  heating 
tubes,  A,  using  1  to  2  kg.  (3  to  5  lb.)  pressure.  The  heated 
liquid  rises  and  circulates  into  B  where  the  vapor  is  released. 
The  remaining  liquid  circulates  back  through  C  to  A  where  it 
is  reheated.  The  raw  liquid  is  fed  continuously  to  the  still  and 
the  concentrate  may  be  drawn  off  continuously  at  F  by  connect¬ 
ing  the  concentrate  outlet  to  a  flask  maintained  under  a  higher 
vacuum. 

Aqueous  solutions  are  concentrated  at  a  rate  of  10  to  12  liters 
per  hour  under  a  vacuum  of  25  mm.  measured  over  receiver  E  and 
a  temperature  of  40°  to  50°  C.  Acetone  distills  at  a  rate  of  35  to 
40  liters  per  hour  under  a  vacuum  of  250  mm.,  70%  alcohol  dis¬ 
tills  at  a  rate  of  30  to  35  liters  per  hour  under  similar  conditions. 
For  solvent  recovery  it  is  necessary  to  use  an  additional  con¬ 
denser  and  receiving  flask  in  the  vacuum  line.  A  block-tin  coil 
surrounded  by  ice  serves  very  well. 

Mitchell  ( 1 )  has  compared  the  over-all  heat  transfer  factor  for 
the  evaporator  here  described  with  one  of  his  own  design  and  ob¬ 
tained  values  of  143  and  140,  respectively. 
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Spectrophotometric  Determination  of  Alpha-Eleostearic 
Acid  in  Freshly  Extracted  Tung  Oil 

Determination  of  Extinction  Coefficients  in  Oil  Solvents 

R.  T.  O'CONNOR  AND  D.  C.  HEINZELMAN,  Southern  Regional  Research  Laboratory,  New  Orleans,  La.,  AND 
A.  F.  FREEMAN  AND  F.  C.  PACK,  Tung  Oil  Laboratory,  Bogalusa,  La. 


A  study  has  been  made  of  the  procedure  for  estimating  a-eleostearic 
acid  in  freshly  extracted  tung  oil  by  direct  spectrophotometric  meas¬ 
urements.  Extinction  coefficients  for  the  pure  acid  in  oil  solvents  are 
reported.  A  possible  explanation  of  the  discrepancies  in  the  value 
of  this  coefficient  in  ethyl  alcohol — i.e.,  partial  deterioration  during 
storage — has  been  given  some  confirmation  by  storage  experiments. 
The  extinction  coefficients  in  hydrocarbon  solvents  have  been  used 
to  determine  the  a-eleostearic  acid  content  of  some  tung  oil  samples. 
The  spectrophotometric  procedure  used  is  more  direct,  much  simpler, 
considerably  more  rapid,  and  very  probably,  because  of  these  fac¬ 
tors,  more  accurate  than  chemical  methods. 

THE  characteristic  component  of  tung  oil  is  its  some  70  to 
80%  of  a-eleostearic  acid,  practically  all  of  which  is  in  the 
glyceride  form.  This  triene  conjugated  fatty  acid  accounts  for 
i  the  outstanding  desirability  of  tung  oil  as  a  drying  oil.  It  is  not 
elaborated  in  appreciable  quantities  in  any  other  common  veg¬ 
etable  oil  available  in  commercial  quantities.  Consequently, 
most  tests  of  quality  of  tung  oil  samples  are  methods  for  esti¬ 
mating  a-eleostearic  acid  content.  In  common  use  are:  Toms’ 
method  {23)  by  Wijs  iodine  number  and  by  bromine  vapor  values; 
Kaufmann’s  method  {15)  from  thiocyanogen  and  bromine  num¬ 
bers;  Bolton  and  Williams’  method  {2)  from  so-called  “instanta¬ 
neous  iodine  numbers”;  the  diene  method  of  Kaufmann  and 
Baltes  {16)]  and  Ellis  and  Jones’  method  {8,  19)  from  maleic 
anhydride  values.  .411  these  methods  are  indirect  and  require 
(  very  time-consuming  chemical  operations.  Their  accuracy  suffers 
from  weak  assumptions  involved  in  their  calculations.  Direct 
determinations  of  the  a-eleostearic  acid  content  of  tung  oil  include 
the  estimation  of  “polymerizable  matter”  in  Bolton  and  Williams’ 
method  {1)  based  upon  assumptions  which  have  been  shown  by 
Gardner  {9)  to  be  unreliable,  and  the  direct  determination  method 
of  Ku  {17),  based  on  relative  solubilities  of  the  fatty  acids  in 
tung  oil  and  requiring  corrections  for  the  solubilities  of  palmitic, 

-  stearic,  and  oleic  acids  by  methods  which  are  admittedly  only 
approximations. 

SPECTROPHOTOMETRIC  METHOD 

An  outstanding  physical  property  of  a-eleostearic  acid  is  its 
characteristic  absorption  of  ultraviolet  radiation  due  to  the 
triene  conjugation  of  the  double  bonds  occurring  within  the 
molecule.  The  direct  spectrophotometric  measurement  of  this 
characteristic  absorption  and  comparison  with  measured  extinc¬ 
tion  coefficients  of  pure  a-eleostearic  acid  in  a  suitable  oil  solvent 
would  appear  to  offer  a  simple,  rapid,  and  direct  method  for  the 


determination  of  the  acid  in  tung  oil.  A  photoelectric  spectro¬ 
photometric  procedure  which  would  provide  such  a  rapid  and 
accurate  means  for  the  determination  of  this  acid  in  freshly  ex¬ 
tracted  tung  oil  is  indicated  by  the  photographic  spectrophoto¬ 
metric  studies  of  Bradley  and  Richardson  (3)  and  Jamieson  and 
Rose  {13).  Such  a  procedure  would  be  based  on  a  measurable 
physical  property,  quantitatively  related  to  the  triene  unsatura¬ 
tion  of  the  acid,  and  would  provide  means  of  rapidly  evaluating 
the  quality  of  large  numbers  of  samples  as  encountered  in  such 
investigations  as  those  on  the  production  of  tung  oil  in  the  Gulf 
States. 

The  inherent  advantages  of  the  spectrophotometric  method  are 
enhanced  by  studies  of  the  absorption  spectra  of  tung  oil  (Figure 
l),  and  of  the  remaining  constituents  of  the  oil.  The  double 
bonds  of  the  a-eleostearic  acid  molecule  occur  naturally  in  a  triene 
conjugated  arrangement  and,  consequently,  no  chemical  pre¬ 
treatment,  such  as  the  alkali  isomerization  used  for  determination 
of  linolenic  acid  by  spectrophotometric  measurements  {21),  is 
required.  The  triene  conjugation  of  the  a-eleostearic  acid  in 
tung  oil  can  be  measured  directly  on  the  crude  oil.  Of  the  re¬ 
maining  constituents  of  tung  oil,  none  shows  any  appreciable 
characteristic  absorption  of  ultraviolet  radiation  above  2200  A. 
{14)  and,  therefore,  no  corrections  for  overlapping  absorption  by 
diene  or  tetraene  conjugated  constituents  (5)  are  required.  Fur¬ 
thermore,  the  large  proportions  of  triene  conjugated  material 
present  in  the  tung  oil,  together  ■with  the  rather  high  value  of 
the  extinction  coefficient  of  a-eleostearic  acid,  necessitate  meas¬ 
urements  from  very  dilute  solutions,  thus  reducing  any  general 
“background”  absorption  of  the  oil  to  negligibly  small  amounts 
and  eliminating  any  need  for  mathematical  corrections  often 
required  for  precise  spectrophotometric  measurement  of  fatty 
acids  (J). 

Dingwall  and  Thomson  (7)  have  found  that  they  can  deter¬ 
mine  relative  amounts  of  the  a  and  8  isomers  of  eleostearic  acid 
in  mixtures  on  the  basis  of  slight  differences  in  the  positions  of 
the  absorption  bands.  Analyses  of  freshly  extracted  tung  oil, 
reported  widely  in  the  literature,  however,  indicate  that  only  the 
a  isomer  of  eleostearic  acid  is  elaborated  in  the  oil  of  the  common 
species  {11).  /3-Eleostearic  acid,  accordingly,  would  seem  to  oc¬ 
cur  in  tung  oil  principally  as  a  result  of  isomerization  of  the  alpha 
form  brought  about  after  extraction  through  the  action  of  light  or 
suitable  catalysts,  such  as  sulfur  and  iodine.  The  determination 
of  eleostearic  acid  in  such  samples  would  be  complicated  by  the 
fact  that  the  equilibrium  between  the  alpha  and  beta  forms  is 
continually  changing  and  by  the  fact  that  this  isomerization  is 
usually  accompanied  by  a  polymerization  which  alters  much  of 
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the  acid.  Eleostearic  acid  content  of  such  oils  could  be  best  ob¬ 
tained  by  use  of  the  spectrophotometric  method  for  binary  mix¬ 
tures.  Since  tung  plant  researches  are  concerned  wholly  with 
tung  oil  freshly  extracted  from  the  fruits  shortly  after  harvest, 
the  method  described  in  this  paper  contemplates  only  freshly  ex¬ 
tracted  oil  samples,  which  contain  only  the  alpha  form  of  eleo¬ 
stearic  acid,  and  in  which  polymerization  by  heat  and  any  other 
means  has  been  kept  at  a  minimum. 


Figure  1.  Ultraviolet  Absorption  of  Tung  Oil 

Containing  approximately  80%  a-eleostearic  acid,  in  cyclo¬ 
hexane 


From  these  considerations  the  spectrophotometric  determina¬ 
tion  of  a-eleostearic  acid  in  a  tung  oil  is  seen  to  consist  of  simply 
the  direct  measurement  of  the  optical  density  of  a  suitable  con¬ 
centration  of  the  crude  oil,  dissolved  in  an  appropriate  oil  solvent, 
at  the  position  of  maximum  absorption  of  the  triene  conjugation 
and  an  equally  simple  calculation  of  concentration  by  means  of 
Beer’s  law.  In  spite  of  these  advantages,  little  attention  seems 
to  have  been  given  to  the  use  of  spectrophotometric  methods 
for  the  testing  of  tung  oil  quality  by  the  drying  oil  industry. 
This  lack  of  interest  has  been  due,  undoubtedly,  to  the  fact  that 
the  photographic  methods  for  measuring  optical  densities  in  the 
ultraviolet  region  of  the  spectra,  until  recently  the  only  methods 
generally  available,  entail  need  of  both  expensive  equipment  and 
specially  trained  technicians.  Now,  however,  the  commercial 
availability  of  photoelectric  instruments  for  measuring  intensity 
of  absorption  in  the  ultraviolet  has  placed  such  measurements 
within  the  reach  of  most  testing  and  research  laboratories.  As  a 
knowledge  of  a-eleostearic  acid  content  is  very  desirable  in  con¬ 
nection  with  tung  oil  investigations  within  this  bureau,  studies 
were  made  of  the  spectrophotometric  procedure. 

EXTINCTION  COEFFICIENTS 

Three  independent  measurements  of  the  extinction  coefficient 
of  a-eleostearic  acid,  all  in  ethyl  alcohol,  have  been  found  in  the 
literature. 

Dingwall  and  Thomson  (7)  report  a  value  of  alpha  =  168. 
(Extinction  coefficient  has  been  converted  to  the  usual  value 
alpha,  a  =  E\{lm  ,  defined  from  the  Beer-Lambert  law  as:  a  = 
E/cl  where  E,  the  optical  density  read  directly  from  the  Beck¬ 


man  spectrophotometer,  is  equal  to  log  Io/I,  where  Io  is  the  in¬ 
tensity  of  light  after  passage  through  the  cell  containing  the  sol¬ 
vent  and  I  the  intensity  of  light  after  passage  through  a  matched 
cell  containing  the  solution;  c  is  the  concentration  of  the  solu¬ 
tion  expressed  in  grams  per  liter;  and  l  is  the  internal  length  of 
the  cell  in  centimeters.  This  nomenclature  has  been  used 
throughout  this  paper.) 

Van  der  Hulst  (12)  finds  the  extinction  coefficient  to  be  189, 
a  value  confirmed  by  later  work  of  Miller  and  Kass  (20) .  How¬ 
ever,  more  recent  observations  tend  to  confirm  the  lower  value 
of  Dingwall  and  Thomson.  Thus,  Bradley  and  Richardson  (S) 
report  that  the  lower  value  “ — seemed  best  in  the  light  of  our  ex¬ 
perience  with  many  oils”.  Kass  (14)  reports  that  attempts  to 
determine  the  true  extinction  coefficient  by  collaborative  work  in 
independent  laboratories  have  “tended  to  confirm  the  results  of 
Dingwall  and  Thomson,  but  the  discrepancies  in  the  reports  of  the 
collaborators  as  to  the  location  of  the  peaks — -made  this  part  of 
the  studies  inconclusive”.  Kass  further  reports  that  repeated 
examinations  of  freshly  prepared  and  carefully  purified  samples 
of  a-eleostearic  acid  in  his  laboratory  tend  to  confirm  the  higher 
value.  All  these  coefficients  were  obtained  in  ethyl  alcohol,  an 
excellent  solvent  for  the  pure  a-eleostearic  acid,  but  unsuitable 
for  the  crude  tung  oil  samples. 

For  direct  measurement  of  the  tung  oil  samples,  one  of  the  hy¬ 
drocarbon  solvents  frequently  used  for  ultraviolet  absorption 
measurements  is  most  desirable.  The  extinction  coefficient 
of  a-eleostearic  acid  in  a  hydrocarbon,  however,  may  differ  appre¬ 
ciably  from  the  value  in  ethyl  alcohol.  For  this  reason,  and  be¬ 
cause  of  the  confusion  between  the  two  values  reported  in  the 
literature  for  the  coefficients  in  alcohol,  samples  of  a-eleostearic 
acid  were  prepared,  carefully  purified,  and  dried,  and  their  ab¬ 
sorption  was  studied. 

The  pure  a-eleostearic  acid  samples  were  prepared  by  the 
method  of  Nicolet  (22)  modified  by  the  addition  of  a  third  crys¬ 
tallization  from  Skellysolve  F  and  the  use  of  an  Abderhalden 
dryer  with  Skellysolve  F  for  finally  drying  the  compound.  The 
pure  white  crystals  obtained  in  this  manner  had  a  melting  point 
between  47.5°  and  48.0°  C. 

Extinction  coefficients  were  measured  in  ethyl  alcohol  (99%), 
cyclohexane,  iso-octane,  and  heptane.  The  alcohol  was  selected 
to  permit  a  comparison  with  values  from  the  literature  and,  if 
possible,  to  throw  some  light  on  the  confusion  between  the  two 
values  reported  for  the  coefficient  in  this  solvent.  The  alcohol 
was  purified  by  usual  methods  and  had  a  transmission  at 
2350  A.  of  approximately  85%,  measured  against  distilled  water 
through  1-cm.  matched  cells.  It  was  redistilled  through  a  short 
fractionating  column  just  before  using.  The  cyclohexane  and 
iso-octane  were  selected,  as  experience  has  shown  these  two  hy¬ 
drocarbons  to  be  the  most  desirable  for  ultraviolet  absorption 
measurements.  They  were  purified  by  methods  previously  de¬ 
scribed  (10).  As  samples  of  heptane  from  petroleum  ether  were 
available  they  were  included,  at  first,  as  another  suitable  solvent. 
However,  inconsistent  results  were  obtained  with  the  use  of  differ¬ 
ent  samples  of  this  solvent  at  different  times,  confirming  the  con¬ 
clusions  of  Carter  and  Gillam  (6)  and  of  Zscheile  and  Beadle  (24) 
that  petroleum  ether  fractions  are  not  suitable  for  precise  meas¬ 
urements  of  absorption  constants.  Results  obtained  with  the 
use  of  this  solvent  were,  accordingly,  discarded. 

Portions  of  the  freshly  prepared  a-eleostearic  acid,  accurately 
weighted  with  a  microbalance,  were  dissolved  in  the  selected  sol¬ 
vents  and  diluted  to  give  a  final  concentration  of  approximately 
0.005  gram  per  liter.  The  optical  densities  of  these  solutions 
were  measured  in  a  Beckman  quartz  spectrophotofneter,  in  l-_cm. 
cells,  with  wave  drum  settings  at  each  millimicron  from  265  to 
275  m/i,  and  extinction  coefficients  calculated  from  Beer’s  law 
equation  in  the  form  alpha  =  optical  density  /cl. 


Table  I.  Extinction  Coefficients  of  Pure  a-Eleostearic  Acid 


Ethyl  Alcohol  99% 
Wave  Extinction 
length,  coefficient, 
m ii,  of  a,  at 

position  position 
of  maxi-  of  maxi- 

Iso- 
Wave 
length, 
mM,.of 
position 
of  maxi- 

■octane 
Extinction 
coefficient, 
a,  at 
position 
of  maxi- 

mum  ab- 

mum  ab- 

mum  ab- 

mum  ab- 

No. 

sorption 

sorption 

sorption 

sorption 

1 

270 

183.0 

270 

169.5 

2 

270 

183.5 

270 

169.8 

3 

270 

183.8 

270 

170.1 

Av. 

270 

183.4 

270 

169.8 

Cyclohexane 


Wave 

Extinction 

length. 

coefficient. 

m/u,  of 

a,  at 

position 

position 

of  maxi¬ 

of  maxi¬ 

mum  ab¬ 

mum  ab¬ 

sorption 

sorption 

271 

168.8 

271 

168.6 

271 

168.3 

271 

168.6 
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The  wave-length  position  of  maximum  absorption  and  the 
corresponding  extinction  coefficients  from  independently  pre¬ 
pared  samples  and  measurements  are  shown  in  Table  I.  These 
values  confirm  rather  well  the  higher  value  of  van  der  Hulst  (12) 
and  of  Miller  and  Kass  (20)  and  show  there  is  an  appreciable 
difference  in  the  value  of  the  extinction  coefficient  in  ethyl  alcohol 
and  in  the  hydrocarbon  solvents.  A  spectral  curve  of  the  whole 
absorption  of  the  pure  a-eleostearic  acid  is  shown  in  Figure  2. 

In  an  attempt  to  explain  the  lower  values  for  the  extinction 
coefficient  obtained  by  Dingwall  and  Thomson  (7)  and  by  Kass’ 
collaborators  (14),  samples  of  the  a-eleostearic  acid  were  stored 
for  further  studies.  In  one  experiment  samples  were  kept  in 
clear  glass  vials  at  room  temperature  and  under  ordinary  room 
lighting.  These  samples  underwent  visible  change  within  24 
hours.  The  white  crystals  had  partially  liquefied  and  had  be¬ 
come  pale  yellow.  In  a  few  days  this  change  had  resulted  in  a 
dark  yellow  resinous  material.  Because  of  these  obvious  changes 
no  further  measurements  were  made  on  these  samples.  In  a 
second  experiment  the  freshly  prepared  acid  in  a  glass  vial  was 
placed  in  a  mailing  tube  and  stored  in  a  refrigerator  at  about 
0°  C.  At  the  end  of  24  hours  no  visible  change  had  occurred  in 
this  sample,  but  absorption  measurements  showed  that  the  ex¬ 
tinction  coefficient  in  ethyl  alcohol  now  averaged  only  170. 
Further  storage  in  this  manner  for  a  few  days  still  resulted  in  no 
visible  change,  nor  was  the  value  of  the  extinction  coefficient 
after  this  first  decrease  appreciably  changed.  Extinction  co¬ 
efficients  in  the  hydrocarbon  solvents  were  correspondingly  lower 
at  the  end  of  the  24-hour  period,  and  again  no  further  appreciable 
change  occurred  during  the  next  few  days.  Comparison  of  the 
value  of  the  extinction  coefficient  after  storage  with  the  value  re¬ 
ported  by  Dingwall  and  Thomson  (7)  affords  a  possible  explana¬ 
tion  for  the  lower  values  and  confirms  the  suggestion  made  by 
Kass  (14)  that  the  lower  values  are  due  to  partial  deterioration 
during  storage. 


Table  II.  a-Eleostearic  Acid  Content  of  Tung  Oil  Samples 


a-Eleostearic  Acid  Content,  % 


Refrac¬ 

Wije 

Browne 

Spectrophotometric 

tive 

Iodine 

Heat 

From  Maleic 

Values 

Sam¬ 

Index, 

Value 

Test, 

Anhydride  Values 

Iso- 

Cyclo- 

ple 

28°  C. 

(IS) 

Min. 

i 

2 

Av. 

octane  hexane 

Av. 

1 

1.5183 

164.7 

10.0 

78.4 

78.4 

78.4 

78.6 

78.8 

78.7 

2 

1.5180 

164.7 

9.5 

79.1 

79.1 

79.1 

80.1 

80.7 

80.4 

3 

1.5177 

163.9 

9.75 

78.3 

78.5 

78.4 

81.8 

81.9 

81.8 

4 

1.5174 

163.3 

10.5 

77.9 

77.7 

77.8 

80.7 

80.5 

80.6 

5 

1.5173 

162.8 

9.5 

77.2 

77.2 

77.2 

79.8 

78.9 

79.4 

SPECTROPHOTOMETRIC  DETERMINATION 

As  suitable  coefficients  for  a-eleostearic  acid  in  oil  solvents 
were  now  available,  they  were  tested  by  the  measurement  of  a  few 
tung  oil  samples  for  the  a-eleostearic  acid  content.  Table  II 
shows  the  results  obtained,  together  with  corresponding  values 
by  use  of  the  chemical  method  of  Ellis  and  Jones  (8,  19). 

The  spectrophotometric  values  were  obtained  by  dissolving 
an  accurately  weighed  sample  of  the  tung  oil  in  the  selected  sol¬ 
vent  and  diluting  to  a  concentration  of  approximately  0.005 
gram  per  liter.  The  optical  densities  of  these  solutions  were 
read  directly  in  the  Beckman  spectrophotometer  in  1-cm.  cells, 
at  270  mu  if  the  solvent  was  iso-octane,  at  271  m,u  if  cyclohexane, 
and  the  concentration  of  the  a-eleostearic  acid  in  the  tung  oil 
was  calculated  from  the  equation: 

t,  .  ...  optical  density  .  .  100 

rer  cent  concentration  =  — - r—. - -  X  — r- 

alpha  cl 

The  agreement  between  the  values  obtained  from  measure¬ 
ments  in  iso-octane  and  in  cyclohexane  proves  the  self-consistency 
of  the  reported  extinction  coefficients  in  these  two  solvents.  As 
maleic  anhydride  values  are  only  claimed  to  permit  “fair  approxi¬ 
mation  of  the  per  cent  tung  oil”  or  to  “serve  as  a  means  for  de¬ 
tecting  and  roughly  estimating  adulteration  of  tung  oil”  (19), 
no  attempts  have  been  made  to  explain  the  differences  between 
the  per  cent  of  a-eleostearic  acid  obtained  from  these  values  and 
those  obtained  by  the  direct  spectrophotometric  methods  de¬ 
scribed.  To  test  the  accuracy  of  the  method  over  a  range  of  a- 


Table  III.  a-Eleostearic  Acid  Content  of  Tung  Oil  and  Mineral 
Oil  Admixtures" 

a-Eleostearic  Acid 

Deviation 

Approximate  Found  by  found  from 

Composition  spectro-  tung  oil 


Tung 

Mineral 

In 

photometric 

present  in 

Sample 

oil 

oil 

mixture 

measurement 

mixtures 

% 

% 

% 

% 

% 

1 

99 

1 

80.6 

80.6 

0.0 

2 

98 

2 

79.3 

79.9 

-0.6 

3 

96 

4 

78.1 

78.1 

0.0 

4  . 

92 

8 

74.1 

74.4 

-0.3 

5 

90 

10 

73.0 

•  72.6 

+  0.4 

6 

88 

12 

70.3 

70.8 

-0.5 

7 

84 

16 

67.4 

67.2 

+  0.2 

8 

80 

20 

60.3 

60.4 

-0. 1 

9 

70 

30 

50.5 

50.8 

-0.3 

10 

50 

50 

32.8 

33.8 

-1.0 

a  Mixtures  prepared  volumetrically  from  two  pairs  of  solutions  containing 
approximately  equal  concentrations  of  tung  or  mineral  oil. 


eleostearic  acid  concentrations  which  might  be  encountered  in 
various  fresh  tung  oil  samples,  admixtures  of  tung  oil  and  min¬ 
eral  oil  were  prepared  and  spectrophotometrically  measured  and 
the  a-eleostearic  acid  content  was  determined.  Results,  listed 
in  Table  III,  illustrate  the  accuracy  with  which  the  per  cent  of 
acid  can  be  determined  by  the  rapid  spectrophotometric  method, 
and  indicate  that  admixture  of  more  than  about  4%  can  be  de¬ 
tected  by  the  lower  values  of  a-eleostearic  acid  content. 


Figure  2.  Ultraviolet  Absorption  of  a-Eleostearic 
Acid  in  Iso-octane 


While  experiments  described  here  indicate  the  extremely  un¬ 
stable  nature  of  pure  a-eleostearic  acid  crystals,  both  chemical 
and  spectrophotometric  evidence  seems  to  indicate  that  in  the 
tung  oil  the  acid  is  considerably  more  stable.  Within  the  mean¬ 
ing  of  freshly  extracted  tung  oil  as  used  here  it  is  not  required 
that  the  oil  be  examined  the  day  it  is  extracted.  However,  it  is 
recommended  that  the  oil  be  examined  as  soon  as  practical. 
Isomerization  and/or  polymerization  of  the  acid  in  tung  oil  seems 
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to  be  more  dependent  upon  the  conditions  of  storage  than  upon 
the  actual  time  of  storage.  Exposures  to  light,  heat,  and  oxida¬ 
tion  are  the  most  important  factors  causing  these  changes  in  the 
oil. 
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Determination  of  1-Trichloro-2,2-bis(p-chlorophenyl)ethane 

in  Technical  DDT 
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Bureau  of  Entomology  and  Plant  Quarantine,  U.  S.  Department  of  Agriculture,  Beltsville,  Md. 


Technical  DDT  consists  essentially  of  a  mixture  of  1 -trichloro-2,2- 
bis(p-chlorophenyl)ethane  (p,p'-DDT)  and  1 -trichloro-2-o-chloro- 
phenyl-2-p-ehlorophenylethane  (o,p '-DDT),  with  small  amounts  of 
by-products.  A  method  is  described  for  the  determination  of 
1 -trichloro-2,2-bis(p-chlorophenyl)ethane,  which  is  the  most 
effective  insecticidal  component  present,  in  technical  grades  of  DDT 
as  well  as  in  dusts  containing  DDT.  The  method  involves  crystalliza¬ 
tion  from  a  saturated  solution  of  1 -trichloro-2,2-bis(p-chloro- 
phenyl)ethane  in  75%  aqueous  ethanol  and  is  apparently  reliable 
to  within  1  %  when  a  small  empirical  correction  is  added. 


ONE  of  the  most  promising  developments  in  the  field  of  new 
insecticides  is  the  use  of  the  synthetic  organic  chemical 
commonly  known  as  DDT  (1 ,  3,  6).  This  designation,  which  is 
derived  from  the  generic  name  dichloro-diphenyl-trichloroethane, 
represents  the  product  obtained  by  the  condensation  of  chloral 
with  chlorobenzene  in  the  presence  of  sulfuric  acid.  Technical 
DDT  consists  essentially  of  a  mixture  of  two  isomeric  dichloro- 
diphenyltrichloroethanes — 1  -  trichloro  -  2,2  -  bis(p  -  chlorophenyl) 
ethane,  hereinafter  called  p,p'-DDT  (I),  and  l-trichloro-2-o- 
chlorophenyl-2-p-chlorophenylethane,  hereinafter  called  o,p'- 
DDT  (II)— together  with  small  amounts  of  by-products  and  re¬ 
action  products  of  impurities  in  the  starting  materials. 


(I) 


°\<f  V 

>CHCC13  (II) 
Cl 


Studies  of  the  composition  of  technical  DDT  have  been  made 
in  the  Bureau  of  Entomology  and  Plant  Quarantine  and  in  the 
laboratories  of  Paul  D.  Bartlett  of  Harvard  University,  Nathan 
L  Drake  of  the  University  of  Maryland,  and  Melvin  S.  Newman 
of  the  Ohio  State  University,  under  Office  of  Scientific  Research 


and  Development  contracts.  A  detailed  collaborative  report  of 
these  investigations  is  in  preparation  for  publication. 

With  chloral  that  is  essentially  pure  a  technical  DDT  is  ob¬ 
tained  that  contains  approximately  70  to  80%  of  p,p'-DDT 
and  15  to  25%  of  o,p'-DDT.  When  dichloroacetaldehyde  is 
present  in  the  starting  material,  the  product  may  contain  di- 
chlorodiphenyldichloroethane  (DDD)  isomers.  The  p,p  -DDT 
is  more  toxic  to  most  insects  than  the  o,p’  isomer  or  any  other 
component  of  technical  DDT,  and  it  is  therefore  necessary  to 
have  a  method  for  its  determination  when  these  other  materials 
are  present.  (The  entomological  testing  of  these  compounds 
was  carried  out  in  laboratories  of  the  Bureau  of  Entomology  and 
Plant  Quarantine.) 

Gunther  (4)  and  Hall,  Schechter,  and  Fleck  (5)  have  proposed 
methods  for  the  determination  of  DDT.  These  methods,  which 
measure  either  hydrolyzable  chlorine  (4)  or  total  chlorine  (-5), 
are  not  suitable  for  the  evaluation  of  samples  of  technical  DDT 
for  their  p,p’-DDT  content,  since  most  of  the  impurities  are  in¬ 
terfering  substances.  Fleck  and  Preston  (£)  have  described  a 
setting  point-composition  diagram  for  the  system  o,p  -  and  p,p  - 
DDT,  which  they  have  suggested  may  be  used  to  estimate  the 
approximate  p^'-isomer  content  of  technical  DDT  samples. 
Schechter  and  Haller  (7)  have  shown  that  the  o,p  -  and  p,p  - 
DDT  isomers  give  different  colors  when  their  tetranitro  deriva¬ 
tives  are  treated  with  methanolic  sodium  methoxide,  and  they 
have  suggested  that  these  results  may  form  a  basis  for  the  deter¬ 
mination  of  p,p'-DDT  in  the  presence  of  its  o,p  isomer. 

The  authors  have  investigated  a  method  for  the  estimation  ol 
p,p'-DDT  by  recrystallization  from  saturated  solutions  of  purf 
p,p'-DDT  in  aqueous  ethanol.  The  most  reproducible  results 
on  mixtures  of  known  p,p'-DDT  composition  were  obtained  by 
the  procedure  outlined  below,  which  is  satisfactory'  for  mixtuies 
containing  at  least  40%  of  p,p'-DDT.  Modifications  of  this 
basic  procedure  to  allow  for  analysis  of  products  containing  les- 
than  40%  of  p,p'-DDT  or  of  dusts  have  also  been  investigated. 
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Table  I.  Analysis  of  Synthetic  Mixtures  for  p,p'-DDT  by  Recrystal¬ 
lization  from  Saturated  75  Per  Cent  Ethanol 


Composition  of  Mixture 
p,p'-  o,p'-  p,p'- 

DDT  DDT  DDD 

Volume 

of 

Solvent 

Analysis 

as 

p,p'-DDT“ 

Average 

Deviation 

from 

Actual 

% 

% 

% 

ML 

% 

% 

% 

75 

25 

150 

74.0 

73.1 

72.6 

73.9 

73.3 

73.3 

74.3 

74.7 

73.6 

-1.4 

100 

72.7 

73.9 

73.3 

-1.7 

200 

75.3 

71.9 

73.6 

-1.4 

1006 

150 

98.9 

98.9 

97.8 

97.8 

98.4 

-1.6 

90 

10 

150 

88.2 

88.9 

88.6 

-1.4 

50 

50 

150 

49.2 

47.9 

48.6 

-1.4 

40 

60 

150 

37.9 

-1.8 

38.4 

38.2 

25 

75 

150 

Product  melted 

in  oven 

-0.3 

70 

20 

10 

150 

69.7 

69.7 

60 

30 

10 

150 

58.7 

59.1 

-0.9 

59.5 

a  All  melting  points  were  above  108°  (corr.)  except  where  noted. 
b  l. 5-gram  sample  used  in  these  determinations. 


PROCEDURE  FOR  MATERIALS  CONTAINING  AT  LEAST  40  PER  CENT  OF 

P,p'-DDT 

A  saturated  stock  solution  of  p,p'-DDT  in  75%  (by  volume) 
aqueous  ethanol  is  prepared  and  allowed  to  remain  in  a  thermo¬ 
statically  controlled  bath  at  25.0°  ±  0.5°.  (Any  convenient 
temperature  may  be  used.)  A  2.000-gram  sample  of  the  techni¬ 
cal  product  is  dissolved  by  refluxing  in  150  ml.  of  the  saturated 
stock  75%  ethanol  solution  in  a  250-  to  300-ml.  Erlenmeyer  flask 
equipped  with  a  reflux  condenser.  After  the  sample  is  com¬ 
pletely  dissolved,  the  flask  is  stoppered  and  the  solution  is  al¬ 
lowed  to  cool  slowly  in  the  air  to  about  26°  to  30°.  Crystals  of 
p,p'-DDT  deposit  during  this  process.  If  separation  of  oil  occurs, 
it  is  necessary  to  redissolve  the  oil  by  refluxing  again,  and  it  may 
be  necessary  to  add  a  seed  of  p,p'-DDT  during  the  cooling 
process.  The  flask  and  contents  are  placed  in  the  thermostati¬ 
cally  controlled  bath  and  shaken  intermittently  for  4  hours.  The 
crystals  are  filtered  with  suction  onto  a  tared  Gooch  crucible  in 
the  bottom  of  which  is  a  disk  of  filter  paper.  An  additional  20 
ml.  of  saturated  solution  is  used  to  wash  the  crystals  onto  the 
filter.  As  little  air  as  possible  should  be  sucked  through  the  wet 
crystals  during  the  process  of  filtration.  The  crucible  and  con¬ 
tents  are  dried  to  constant  weight  at  78°  to  80°,  and  the  percent¬ 
age  of  p,p'-DDT  is  calculated.  The  melting  point  of  the  sepa¬ 
rated  crystals  is  determined.  A  value  above  106°  (corrected)  is 
satisfactory.  An  empirical  correction  of  1.4%  is  added  to  the 
percentage  found  to  give  results  in  agreement  with  known  mix¬ 
tures. 

ANALYTICAL  RESULTS  WITH  KNOWN  MIXTURES 

Mixtures  of  pure  p,p'-DDT,  melting  point  108.5-109°,  with 
o,p'-DDT,  melting  point  74.0-74.5°,  and  these  two  with  1,1-di- 
chloro-2,2-bis(p-chlorophenyl)ethane  (hereinafter  called  p,p'- 
DDD),  melting  point  109.5-110°,  have  been  studied  by  this 
method.  The  results  are  indicated  in  Table  I,  which  also  in¬ 
cludes  results  of  experiments  in  which  the  volume  of  ethanolic 
solution  was  varied.  Although  no  significant  differences  were 
noted  in  these  experiments,  150  ml.  was  chosen  as  the  standard 
amount,  so  that  maximum  solubility  at  the  boiling  point  might 
not  be  approached  too  closely,  as  with  lOO.ml. 

A  mixture  containing  75%  of  p,p'-DDT  and  25%  of  o,p'-DDT 
when  dissolved  in  95  rather  than  75%  ethanol  was  also  studied. 
A  2-gram  sample  of  the  mixture  was  used  and  the  volume  of  solvent 
ranged  from  10  to  25  ml.  Temperature  control  was  ±0.2°  C. 
Results  given  in  Table  II  indicate  much  greater  deviations 
than  those  obtained  with  the  more  dilute  alcohol.  This  is  prob¬ 
ably  due  to  the  greater  solubility,  larger  temperature-solubility 


coefficient  (see  below),  and  greater  difficulty  in  handling  small 
volumes  of  liquid  containing  relatively  large  amounts  of  solid 
and  solute. 

Use  of  the  standard  procedure  (150  ml.  of  75%  ethanol)  gave 
consistently  low  results  on  the  known  mixtures.  In  Table  I  aver¬ 
age  deviations  (of  one  to  eight  determinations)  from  the  true 
percentage  compositions  ranged  from  0.3  to  1 .8,  with  a  mean  value 
of  1.4,  over  the  range  40  to  100%  of  p,p'-DDT.  It  is  therefore 
necessary  to  add  a  correction  of  1.4%  to  obtain  values  consistent 
with  known  compositions.  In  the  range  below  40%  of  p,p  -DDT 
the  method  fails,  as  low-melting  solids  are  obtained  and  false 
values  therefore  result. 

The  lower  limit  of  the  range  to  which  this  procedure  is  appli¬ 
cable  is  below  that  found  in  samples  of  technical  DDT  meeting 
Army-Navy  specifications  (JAN-D-56,  June  30,  1944).  Analyses 
of  several  samples  of  technical  DDT  coming  from  four  commer¬ 
cial  sources  and  meeting  current  specifications  are  given  in  Table 
III. 

ADAPTATION  TO  BY-PRODUCT  OILS 

At  the  present  time  DDT  is  marketed  chiefly  as  technical 
grade.  Should  there  be  a  large  demand  for  relatively  pure  p,p'- 
DDT,  it  is  likely  that  large  amounts  of  by-product  materials  re¬ 
sulting  from  the  purification  procedures  will  be  available,  which 
will  contain  relatively  small,  but  still  substantial,  amounts  of 
p,p'-DDT.  In  order  to  analyze  such  a  material,  it  is  only  neces¬ 
sary  to  fortify  the  product  by  adding  a  known  weight  of  p,p  - 
DDT  sufficient  to  bring  the  new  mixture  within  the  range  of  the 
foregoing  procedure.  The  total  weight  of  the  new  mixture  used 
should  be  2.000  grams.  The  analysis  of  the  starting  material 
may  then  be  calculated  simply  by  adding  to  the  weight  of  p,p'- 
DDT  obtained  by  crystallization  the  correction  0.028  gram 
(equivalent  to  1.4%),  subtracting  the  weight  of  p,p'-DDT  added, 
and  dividing  by  the  amount  of  material  used.  Results  on  two 


Table  II.  Analysis  of  a  Synthetic  Mixture  of  75  Per  Cent  p,p'-pDT 
and  25  Per  Cent  o,p'-DDT  for  p^'-DDT  by  Recrystallization  from 


Saturated  95  Per  Cent  Ethanol 

Volume  of 

Analysis  as 

Volume  of 

Analysis  as 

Solvent 

p,p'-DDT 

Solvent 

p,p'-DDT 

Ml. 

% 

Ml. 

% 

10 

77.0 

20 

77.3 

80.1 

75.8 

77.6 

72.8 

78.4 

73.9 

Av.  78.3 

Av.  75.0 

15 

74.6 

25 

79.1 

77.9 

76.9 

76.2 

74.2 

77.5 

74.8 

Av.  76.6 

Av.  76.2 

Table  III.  Analysis  of  Samples  of  Technical  DDT  for  P/P^DDT  by 
Recrystallization  from  Saturated  75  Per  Cent  Ethanol 


Sample  No. 

Setting  Point 
°  C. 

P.P' 

Found 

% 

-DDT 

Corrected 

% 

1 

91.2 

71.6 

72.4 

70.5 

Av.  71.5 

72.9 

2 

88.6 

69.5 

68.7 

Av.  69.1 

70.5 

3 

91.4 

75.3 

75.3 

Av.  75.3 

76.7 

4 

90.4 

72.1 

72.3 

Av.  72.2 

73.6 

5 

91.2 

74.5 

75.1 

Av.  74.8 

76.2 
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Tabic  IV,  Analysis  of  By-Product  Oils 

Weight  of  p,p'-DDT 
Obtained  by 


Sample 

p.p'-DDT 

Weight  of 

Crystallization 

p,p'-DDT 

No. 

Added 

Substance 

Found 

Corrected 

Grams 

Grams 

Grams 

Grams 

% 

1 

0.653 

1.347 

0.981 

1.009 

26.4 

1.230 

0.770 

1.395 

1.423 

25.1 

0.949 

1.051 

1.198 

1.226 

26.3 

Av.  25.9 

2 

0.794 

1.206 

1.006 

1.034 

19.9 

1.013 

0.987 

1.185 

1.213 

20.2 

0.691 

1.309 

0.923 

0.951 

19.9 

Av.  20.0 

such  “by-product  oils”  obtained  from  commercial  DDT  samples 
by  removal  of  a  large  fraction  of  the  p,p‘  isomer  by  crystallization 
from  95%  ethanol  or  hexane  are  given  in  Table  IV. 

The  validity  of  the  use  of  such  a  procedure  as  well  as  the  use 
of  the  correction  factor  of  0.028  gram  is  substantiated,  since  good 
checks  were  obtained  when  the  percentage  of  added  p,p'~ DDT 
was  varied  from  32.6  to  61.5. 

MODIFIED  PROCEDURE  FOR  USE  WITH  DUSTS 

A  weighed  quantity  of  dust  containing  5  to  10  grams  of  ether- 
extractable  material  is  placed  in  a  Soxhlet  extractor  and  ex¬ 
tracted  with  ether  into  a  tared  flask  for  4  hours.  The  ether  is  dis¬ 
tilled  off  on  a  water  bath,  finally  under  reduced  pressure.  The 
weight  of  residue  is  determined.  The  residue  is  removed  from 
the  flask,  ground  in  a  mortar  to  ensure  representative  sampling, 
and  analyzed  according  to  the  general  procedure  given  above. 
A  commercial  “10%”  DDT  in  pyrophyllite  dust,  when  analyzed 
by  this  procedure,  gave  10.62%  of  ether-extractable  material 
and  7.87%  of  p,p'-DDT. 

TEMPERATURE  CONTROL 

In  order  to  determine  the  degree  of  temperature  control  neces¬ 
sary  for  quantitative  work,  the  solubility  of  p,p'-DDT  in  75% 
ethanol  at  various  temperatures  was  studied.  The  data  pre¬ 
sented  in  Figure  1  indicate  that  an  error  of  1°  in  the  range  of  20° 


to  30°  C.  would  give  an  error  of  9  mg.  in  the  procedure,  or  about 
0.5%  of  p,p'-DDT.  This  indicates  that  somewhat  greater  ac¬ 
curacy  might  be  obtained  by  temperature  control  to  ±0.1°  C. 
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Electrodeposition  of  Zinc  in  Magnesium  Alloys 
Employing  Various  Buffered  Solutions 

THOMAS  F.  BOYD,  GEORGE  NORWITZ,  and  SIDNEY  WEINBERG 
Industrial  Test  Laboratory,  United  States  Navy  Yard,  Philadelphia,  Pa. 


Several  procedures  for  the  determination  of  zinc  in  magnesium  alloys 
were  investigated  to  evaluate  their  accuracy  for  routine  use.  All 
methods  are  very  rapid  and  satisfactory.  The  formic  acid  method  is 
considered  the  most  suitable  for  routine  use. 

RECENTLY  a  rapid  method  for  the  determination  of  zinc 
in  magnesium  alloys  was  described,  in  which  electrodeposi¬ 
tion  was  made  in  ammoniacal  medium  and  tartaric  acid  and  am¬ 
monium  chloride  were  employed  to  keep  aluminum  and  magne¬ 
sium  in  solution  (3).  In  connection  with  this,  electrodeposition 
of  zinc  in  magnesium  alloys  using  other  buffer  mixtures  was  sub¬ 
sequently  studied,  following  the  procedures  given  below.  The 
chief  purpose  of  this  investigation  was  to  devise  a  method  most 
suitable  for  routine  use.  Deposition  was  made  in  solutions  to 
which  were  added,  respectively,  ammonium  hydroxide,  sodium 
hydroxide,  citric  acid,  tartaric  acid,  and  formic  acid.  Improve¬ 
ments  were  made  upon  the  previous  methods,  using  weak  organic 
acids  (3).  An  unpublished  procedure  employing  acetic  acid  was 
also  investigated  (I). 


The  procedure  of  Winchester  and  Yntema  (4),  employing  the 
electrodeposition  of  zinc  from  pure  salt  solutions  in  an  acid  sul¬ 
fate  solution,  was  applied  to  magnesium  alloys,  but  was  found 
unsuitable  since  a  salting  out  effect  occurred  on  the  cathode, 
causing  very  high  values. 

PROCEDURE 

I.  Ammonium  Hydroxide.  Dissolve  0.5  gram  of  sample  in 
a  300-ml.  electrolytic  beaker  with  40  ml.  of  dilute  sulfuric  acid 
(1  q.  g).  Add  2  ml.  of  tartaric  acid  solution  (25%)  and  7  to  8 
grams  of  ammonium  sulfate,  dilute  to  200  ml.  with  water,  and 
stir  to  dissolve  soluble  salts.  Make  the  solution  just  ammoniacal, 
using  methyl  red  as  an  indicator,  and  add  4.0  ml.  of  ammonium 
hydroxide  (0.90)  with  stirring.  Electrolyze  for  25  minutes  at  2 
amperes,  agitating  the  solution  gently  with  a  stream  of  air. 
(Turn  the  current  on  before  the  beaker  is  placed  in  contact  with 
the  electrodes  to  avoid  any  solvent  action  of  the  ammonium 
hydroxide  on  the  copper  plate  of  the  cathode.)  Wash  by 
rapidly  lowering  the  electrolyte  and  replacing  with  a  beaker  of 
distilled  water.  Repeat  the  operation  using  a  second  beaker  of 
water.  Immerse  the  cathode  in  neutral  alcohol  and  place  in  an 
oven  at  100°  C.  until  the  alcohol  has  completely  evaporated. 
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Table  III.  Comparison  of  Electrolytic  with  Standard  Methods 


Zinc,  Electrolysis 


Zinc 

Zinc 

Ammon- 

Sodium 

Alloying 

Gravi- 

Ferro- 

ium  hv- 

Hydrox- 

Citric 

Tartaric 

Formic 

Acetic 

Type 

Elements 

metric0 

cyanide^ 

droxide 

ide 

acid 

acid 

acid 

acid 

% 

% 

% 

% 

% 

% 

% 

% 

265 

3%  Zn,  6%  Al, 

3.02 

2.97 

3.04 

2.84 

2.92 

3.00 

2.95 

2.96 

0.2%  Mn 

3.00 

3.06 

3.08 

2.96 

2.82 

3.00 

2.96 

260 

2%  Zn,  9%  Al, 

2.25 

2.22 

2.30 

2.20 

2.24 

2.22 

2.24 

2.20 

0.2%  Mn 

2.19 

2.24 

2.32 

2.20 

2.24 

57S 

1%  Zn,  6%  Al, 

1.14 

l.is 

1.12 

1.  i6 

1  . 18 

1.18 

1.14 

i.i9 

0.5%  Mn 

1.18 

1.18 

1.24 

1.08 

1.28 

1  .  14 

1.12 

1.20 

“  Determined  as  oxide  after  hydrogen  sulfide  separations. 
b  Determined  by  titration  after  hydrogen  sulfide  separations. 


Remove  immediately  from  the 
oven  to  prevent  possible  oxida¬ 
tion  of  the  zinc  plate,  cool  to 
room  temperature,  and  weigh. 

Either  a  copper  plated 
platinum  gauze  cathode  (5  cm., 

2  inches,  high  X  4.4  cm,  1.75 
inches,  in  diameter)  or  a  nickel 
gauze  cathode  may  be  used.  A 
platinum  wire  spiral  should  be 
used  as  an  anode  (3) . 

II.  Sodium  Hydroxide. 

Dissolve  0.5  gram  of  sample  in 
a  300-ml.  electrolytic  beaker 
with  40  ml.  of  dilute  sulfuric 
acid  (1  +  9).  Add  5  ml.  of 
tartaric  acid  solution  (25%)  and 
10  to  12  grams  of  ammonium  sulfate,  dilute  to  150  ml.  with  water, 
and  stir  to  dissolve  soluble  salts.  Make  the  solution  just  alkaline 
with  sodium  hydroxide  solution  (15%)  using  methyl  red  as  an  in¬ 
dicator,  then  add  10  drops  in  excess.  Electrolyze  immediately 
for  25  minutes  at  3  amperes  and  complete  as  in  Procedure  I. 

III.  Citric  Acid.  Dissolve  0.5  gram  of  sample  in  a  300-ml. 
electrolytic  beaker  with  40  ml.  of  dilute  sulfuric  acid  (1  +  9). 
Add  2  ml.  of  citric  acid  solution  (25%)  and  7  to  8  grams  of  am¬ 
monium  sulfate,  dilute  to  200  ml.  with  water,  and  stir  to  dissolve 
soluble  salts.  Make  the  solution  just  ammoniacal  using  methyl 
red  as  an  indicator,  add  citric  acid  solution  (25%)  until  just  acid, 
and  add  3  to  4  drops  in  excess.  Electrolyze  at  3  amperes  for  25 
minutes  and  complete  as  in  Procedure  I. 

IV.  Tartaric  Acid.  Proceed  exactly  as  in  Procedure  III, 
but  substituting  tartaric  acid  (25%)  for  citric  acid  solution  (25%). 

V.  Formic  Acid.  Dissolve  0.5  gram  of  sample  in  a  300-ml. 
electrolytic  beaker  with  40  ml.  of  dilute  sulfuric  acid  (1  +  9). 
Add  2  ml.  of  tartaric  acid  solution  (25%)  and  7  to  8  grams  of  am¬ 
monium  sulfate,  dilute  to  200  ml.  with  water,  and  stir  to  dissolve 
soluble  salts.  Make  just  ammoniacal  using  methyl  red  as  an 
indicator,  add  formic  acid  (1+4)  until  just  acid  and  then  5  to  6 
drops  in  excess.  Electrolyze  at  3  amperes  for  25  minutes  and 
complete  as  in  Procedure  I. 

VI.  Acetic  Acid.  The  acetic  acid  method  is  similar  to  Pro¬ 
cedure  V. 

RESULTS 

In  the  experiments  reported  in  Table  I,  the  traces  of  zinc  not 
deposited  on  the  electrodes  during  electrolysis  were  determined 
in  the  electrolytes  by  means  of  dithizone,  and  in  the  first  wash 
water:  zinc  normally  lost  during  the  first  wash,  and  loss  during 
the  first  wash  period,  allowing  1  second  to  elapse  before  bringing 
the  wash  water  in  contact  with  the  electrodes  and  one  second 
with  the  wash  water  in  contact  with  the  electrodes.  This  period 
is  about  5  times  normal.  The  second  washes  made  with  water 
and  alcohol  were  also  tested  but  less  than  0.01  mg.  of  zinc  was 
found  in  all  cases.  Because  of  the  low  amounts  of  zinc  being 
sought,  the  water  was  redistilled  as  recommended  by  Prodinger 
(2).  While  the  amounts  of  zinc  found  in  electrolytes  and  washes 
are  somewhat  variable,  the  values  in  Table  I  are  useful  in  indi- 


Table  IV.  Comparison  of  Results  under  Routine  Conditions 


(Sample  No.  70) 

Ammon¬ 

Sodium 

ium  Hy¬ 

Hydrox¬ 

Formic 

Formic 

Acetic 

droxide 

ide 

Acid 

Acid° 

Acid“ 

% 

% 

% 

% 

% 

2.92 

3.02 

2.84 

2.84 

3.07 

3.12 

3.08 

2.88 

2.85 

3.02 

2.96 

3.06 

2.90 

2.88 

3.05 

2.98 

3.02 

2.90 

2.88 

3.02 

2.98 

2.96 

2.90 

2.90 

3.04 

3.02 

2.98 

2.90 

2.90 

2.96 

3.00 

2.96 

2.92 

2.91 

3.09 

3.02 

3.02 

2.96 

2.95 

3.01 

Av.  3 . 00 

3.01 

2.90 

2.89 

3.03 

Average  deviation  0.04 

Deviation  from 

0.04 

0.02 

0.03 

0.03 

accepted  value* 1 2 3 4 * 6  +0.07 

+  0.08 

-0.03 

-0.04 

+0.10 

a  Determinations  obtained  on  1-gram  samples. 
b  Value  2.93  ±0.02%  zinc,  found  by  ferrocyanide  method. 


eating  magnitudes.  The  pH  of  the  electrolytes  determined  be¬ 
fore  and  after  electrolysis  at  25°  C.,  employing  a  Beckman  pH 
meter,  is  shown  in  Table  II. 

Table  III  gives  the  results  obtained  by  carefully  following  the 
respective  procedures. 

Table  IV  compares  results  under  regular  routine  laboratory 
conditions  employing  several  of  the  procedures.  The  citric  and 
tartaric  acid  methods  were  not  included,  as  they  appeared  to  offer 
no  advantage  over  the  other  organic  acid  procedures. 

DISCUSSION 

The  authors  prefer  the  use  of  0.5  gram  of  sample  as  given  in 
the  written  procedures  for  routine  use  since  more  satisfactory  re¬ 
sults  are  usually  obtained.  The  amounts  of  citric  and  tartaric 
acids  employed  to  keep  the  aluminum  and  zinc  in  solution  were 
kept  at  a  minimum,  as  excessive  amounts  tended  to  produce 
erratic  results.  If  greater  amounts  of  free  acid  were  present  in 
the  acid  procedures,  low  results  occurred  and  electrodeposition 
was  slower.  High  results  have  been  found  upon  prolonged  elec- 


Table  I.  Zinc  Remaining  in  Electrolyte  and  Dissolved  in  Wash 

Water 


Procedure 


Electrolyte 

Mg. 


Zinc  Found 


Wash  water0 
Mg. 


Wash  water6 

Mg. 


Ammonia  <0.01 

Sodium  hydroxide  0.02 

Citric  acid  0.02 

Tartaric  acid  <0.01 

Formic  acid  <0.01 


0. 

16 

0. 

50 

0. 

13 

0. 

18 

0. 

11 

0. 

.17 

0. 

12 

0. 

,10 

0. 

.11 

0. 

.16 

trolysis  after  electrodeposition  of  the  zinc  is  completed. 

It  appears  that  zinc  can  be  quantitatively  electrodeposited 
over  a  wide  pH  range  with  acceptable  precision.  The  best  results 
under  routine  conditions  were  obtained  using  the  formic  acid 
method  (Table  IV).  The  values  for  the  routine  acetic  acid 
method  are  slightly  high  in  comparison  with  the  other  procedures. 
However,  no  attempt  was  made  to  determine  the  optimum  con¬ 
ditions  for  this  method. 
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°  Normal  wash  period. 

6  2-second  wash  period. 


Table  II. 

pH  of  Electrolytes 

pH  before 

pH  after 

Procedure 

Electrolysis 

Electrolysis 

Sodium  hydroxide 

6.80 

6.90 

Ammonium  hydroxide 

9.10 

8 . 90 

Citric  acid 

4.80 

5.85 

Tartaric  acid 

4.70 

5.35 

Formic  acid 

4.65 

6.80 
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Thermal  Decomposition  of  Perchlorates 

GEORGE  G.  MARVIN  and  LAWRENCE  B.  WOOLAVER 
Massachusetts  Institute  of  Technology,  Cambridse,  Mass. 


The  thermal  decomposition  of  a  series  of  seven  perchlorates  has  been 
studied  by  means  of  a  thermobalance,  the  construction  and  operation 
of  which  are  illustrated.  The  data  obtained  are  presented  in  the 
form  of  plots  of  weight  loss  versus  temperature.  The  thermal  de- 

IT  HAS  been  known  for  a  number  of  years  that  when  a  per¬ 
chlorate  is  heated  to  a  sufficiently  high  temperature,  oxygen 
is  evolved  and  a  chloride  is  left — for  instance,  the  following  re¬ 
action  takes  place  readily  at  a  dull  red  heat: 

KCIO4  =  KC1  +  202 

However,  no  reliable  data  have  been  published  on  the  tempera¬ 
tures  required  to  bring  about  reactions  of  this  type.  Some 
scattered  figures  are  given  in  the  literature,  but  the  agreement 
among  investigators  is  not  all  that  could  be  desired.  For  ex¬ 
ample,  Scobai  ( 8 )  gives  the  melting  point  of  sodium  perchlorate 
as  482°  C.  and  states  that  decomposition  takes  place  at  this 
temperature.  Carnelly  and  O’Shea  (1)  make  the  same  claim 
but  give  the  melting  point  as  432°  C.  Richards  and  Willard  (6) 
give  the  fusion  point  of  lithium  perchlorate  as  236°  C.  and  state 
that  it  loses  no  oxygen  at  300°  C.  Richards  and  Cox  (5)  state 
that  pure  lithium  perchlorate  decomposes  very  slowly  from  410° 
to  430°  C.  and  rapidly  at  450°  C.,  and  that  dust  particles  tend  to 
lower  the  decomposition  temperature.  Inasmuch  as  a  more 
accurate  knowledge  of  the  thermal  decomposition  of  some  of  the 
commoner  perchlorates  was  required,  it  became  necessary  to 
collect  these  data  experimentally. 

The  choice  of  a  suitable  experimental  technique  for  determin¬ 
ing  the  decomposition  temperatures  of  the  perchlorates  is  com¬ 
plicated  by  the  nature  of  the  reaction.  Decompositions  of  this 
type  have  a  reputation  of  sometimes  proceeding  with  explosive 
violence.  However,  even  if  the  reaction  goes  smoothly,  485  ml. 
of  oxygen  are  released  from  100  mg.  of  potassium  perchlorate 
over  a  short  space  of  time,  assuming  500°  C.  as  an  approximate 
decomposition  point.  Obviously,  any  closed-type  apparatus 
would  be  inapplicable  and  perhaps  dangerous.  Glass  is  excluded 
as  a  material  of  construction  but  is  suitable  as  a  container  for 
the  sample.  Of  the  remaining  methods  available,  the  thermo¬ 
balance  offered  the  best  choice  considering  the  factors  involved — 
sensitivity,  accuracy,  ease  of  manipulation,  simplicity  of  con¬ 
struction,  and  safety. 

The  literature  contains  considerable  information  concerning 
the  construction  and  operation  of  a  thermobalance.  The  most 
notable  work  was  done  by  Orosco  (J)  who  applied  this  technique 
to  the  dehydration  of  such  materials  as  BaCl2.2H20,  CuS04.- 
5H20,  and  3MgC03.Mg[0H]23H20.  For  this  work  a  recording- 
type  instrument  with  a  torsion  balance  was  used.  Practically 
all  the  other  published  work  has  been  done  by  the  Japanese 
(2,  3,  7,  9,  10),  who  studied  the  application  of  the  thermobalance 
to  quantitative  analysis. 

APPARATUS 

The  thermobalance  used  for  this  investigation  is  shown  in 
detail  in  Figure  1.  One  significant  detail  in  the  construction  of 
this  apparatus  is  the  use  of  a  large  billet  of  Duralumin  to  furnish 
a  chamber  which  will  resist  the  action  of  evolved  oxygen  gas  at 
reasonable  temperatures. 

EXPERIMENTAL 

A  series  of  seven  perchlorates  was  prepared,  ground  to  a  pow¬ 
der,  and  stored  over  phosphorus  pentoxide.  A  convenient 
size  sample  for  decomposition  was  found  to  be  100  mg.  Each 
of  the  seven  perchlorates — lithium,  sodium,  potassium,  magne- 


composition  of  a  perchlorate  may  proceed  by  one  of  two  mechanisms: 
(1)  by  dehydration  followed  by  decomposition  to  yield  oxygen 
and  a  chloride,  and  (2)  by  gradual  hydrolysis  of  hydrated  compounds 
to  yield  perchloric  acid  and  an  oxide. 

sium,  calcium,  ferric,  and  aluminum — was  investigated  by  a 
series  of  three  runs  in  the  thermobalance.  In  the  first  run,  which 
gave  only  an  approximation  of  the  decomposition  point,  the  cur¬ 
rent  supplied  to  the  furnace  was  adjusted  to  give  a  fairly  rapid 
rise  in  temperature.  The  second  run  was  made  at  a  much  slower 
rate  and  gave  the  decomposition  point  within  a  few  degrees. 
In  the  third  run  the  current  supplied  to  the  furnace  was  regulated 
so  that,  at  the  decomposition  point,  the  increase  in  temperature 
per  minute  was  practically  zero.  By  this  means  any  lag  of  de¬ 
composition  behind  temperature  was  reduced  to  a  minimum. 
The  data  of  the  final  runs  are  presented  in  Figures  2,  3,  and  4. 
These  data  were  collected  in  conjunction  with  John  Peterson. 


Table  1. 

Decomposition  of  Perchlorates 

Sample 

Weight  of 
Anhydrous 
Material 

Weight 

of 

Residue 

Theoretical 
Weight  of 
Chloride 

Theoretical 
Weight  of 
Oxide 

Residue 

LiCICL 

0 . 5522 

0.2129 

0.2200 

0.0775 

LiCl 

NaClOi 

0.3394 

0.1608 

0.1602 

0.0859 

NaCl 

KCIO4 

0.5892 

0.3139 

0.3170 

0 . 2003 

B.OI 

Ca(C10i)2 

0.2025 

0.0927 

0.0940 

0.0474 

Basic  CaCh 

Mg(C10i>2 

0.1725 

0.0224 

0.0552 

0.0234 

MgO 

FefClOba 

0.1930 

0.0328 

0.0722 

0.0349 

i?  e20a 

Al'fClOO* 

0.1877 

0.0291 

0.0767 

0.0294 

AI2O3 

Quantitative  Decomposition  or  Perchlorates.  Samples 
of  each  of  the  seven  perchlorates  studied  were  decomposed  by 
heat  in  such  a  manner  that  the  residue  could  be  weighed.  In 
all  cases  except  potassium,  a  sample  of  the  perchlorate  was 
weighed  into  a  small  quartz  dish  and  cautiously  ignited.  The 
dish  was  cooled  in  a  desiccator  and  weighed. 

In  order  to  establish  a  basis  for  calculation  a  sample  of  each 
perchlorate  (except  sodium,  potassium,  and  lithium)  was  ana¬ 
lyzed  for  its  metallic  constituent.  This  step  was  necessary  be¬ 
cause  the  amount  of  hydration  of  the  samples  was  not  known. 
In  the  case  of  sodium,  a  sample  of  sodium  chloride  was  weighed 
nto  the  quartz  dish  and  converted  to  the  perchlorate  by  evapora¬ 
tion  with  perchloric  acid.  This  material  was  then  ignited  and  the 
weight  of  the  residue  compared  with  the  original  weight  of 
sodium  chloride.  A  pure  sample  of  lithium  perchlorate  tri¬ 
hydrate  was  used  as  a  source  of  lithium  perchlorate.  This  ma¬ 
terial  is  stable  in  air  and  has  a  definite  amount  of  hydration  when 
crystallized  from  water  solution. 
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Figure  3 


When  a  sample  of  potassium  perchlorate  was  weighed  into  the 
quartz  dish  and  ignited  as  above,  consistently  low  results  were 
obtained.  Although  potassium  perchlorate  forms  no  hydrates, 
the  natural  assumption  was  that  there  was  some  moisture  still 
in’  the  sample.  However,  an  analysis  conducted  on  a  sample  of 
salt  which  had  been  heated  for  30  minutes  at  500°  C.  was  still  low. 
The  best  analysis  was  obtained  by  mixing  the  sample  in  a 
platinum  crucible  with  sodium  carbonate,  igniting,  and  de¬ 
termining  chloride  on  the  cooled  melt.  The  result  in  this  case 
corresponded  to  a  purity  of  98.98%  calculated  as  potassium 
perchlorate.  It  is  believed  that  the  low  results  were  due  to 
the  loss  of  solid  material  in  the  form  of  a  smoke  suspended  in 
the  oxygen  evolved. 

The  results  of  the  experiments  are  given  in  Table  I.  The 
figures  in  column  2  represent  not  the  actual  weight  of  sample 
taken,  but  the  calculated  weight  of  anhydrous  salt  corre¬ 
sponding  to  the  amount  of  hydrated  material.  In  this  way 
all  samples  can  be  placed  on  a  common  basis.  Column  4 
gives  a  theoretical  weight  for  the  residue  that  would  be  ob¬ 
tained  by  the  ignition  of  that  weight  of  anhydrous  salt  given 
in  column  2  if  the  residue  is  a  chloride.  These  figures  were 
obtained  by  calculating  the  weight  of  material  given  in 
column  2  to  the  weight  of  the  corresponding  chloride.  A 
theoretical  weight  for  the  residue,  if  it  were  an  oxide,  was 
obtained  in  a  similar  fashion  and  is  tabulated  in  column  5. 

By  comparing  the  experimental  weight  of  the  residue 
(column  3)  with  columns  4  and  5,  it  was  possible  to  decide 
whether  the  residue  was  a  chloride,  oxide,  or  mixture. 
These  results  are  given  in  column  6. 

DISCUSSION 

Examination  of  Figures  2,  3,  and  4  shows  that  there  are 
two  general  types  of  curves.  The  first  has  a  point  where 


a  sharp  change  in  the  slope  takes  place.  The  second  has  no 
such  point,  but  instead,  the  slope  changes  over  the  full  length 
of  the  curve.  Lithium,  sodium,  potassium,  and  calcium  per¬ 
chlorates  are  of  the  first  type,  while  magnesium,  ferric,  and 
aluminum  perchlorates  are  of  the  second. 

All  the  perchlorates,  except  potassium,  are  highly  hydrated 
when  crystallized  from  water  solution.  Two  possible  reac¬ 
tions  can  take  place  when  a  hydrated  perchlorate  is  heated. 
First,  the  salt  may  be  dehydrated  to  leave  an  anhydrous 
material  which  decomposes  on  further  heating  to  yield  a 
chloride  and  oxygen: 

LiC104.3H20  =  LiCICh  +  3H20  (1) 

LiClO*  =  Li  Cl  +  202  (2) 

Secondly,  the  water  contained  in  the  crystal  may  actually 
hydrolyze  the  salt  portion  of  the  crystal: 

Mg(C104)2.6H20  =  Mg(OH)2  +  2HC104  +  4H20  (3) 

In  this  case  perchloric  acid  and  water  escape  from  the 
system  and  a  hydroxide  or  oxide  is  left.  For  the  most  part, 
the  extent  to  which  Reaction  3  proceeds  depends  upon  the 
temperature.  Thus,  as  the  temperature  is  raised,  the  salt  is 
gradually  hydrolyzed  and  no  sharp  break  is  obtained  in  a 
curve  of  weight  loss  versus  temperature.  This  reasoning  also 
applies  to  the  dehydration  portion  of  the  curve  for  the  first 
type  of  decomposition  (see  Figure  2) .  However,  there  is  a 
temperature  above  which  the  anhydrous  salt  is  unstable. 
When  this  temperature  is  reached,  reaction  takes  place, 
evolving  oxygen,  and  becomes  evident  by  a  sharp  loss  in 
weight. 

The  question  as  to  whether  complete  decomposition  accom¬ 
panied  by  the  evolution  of  oxygen  takes  place  at  a  definite 
temperature  or  over  a  range  of  temperature  is  beyond  the 
scope  of  this  paper.  It  is  certain,  however,  that  decom¬ 
position  actually  begins  at  a  definite  temperature  and  will 
continue,  faster  and  faster,  over  an  indefinite  range  upwards. 
Since  it  is  very  easy  to  extend  the  decomposition  over  a  con¬ 
siderable  range  of  temperature  by  rapid  heating,  a  very  slow 
rise  in  temperature  is  required  to  fix  the  temperature  at  which 
measurable  decomposition  occurs. 

The  following  facts  are  submitted  in  justification  of  the 
above  explanation  for  the  two  types  of  weight  loss  versus  tem¬ 
perature  curves  obtained.  Of  the  perchlorates  investigated 
sodium,  lithium,  potassium,  and  calcium  decomposed  to  give  a 
sharp  break  in  the  curve,  while  magnesium,  iron,  and  aluminum 
did  not.  Of  the  seven  metals  listed,  the  first  four  are  generally  con¬ 
sidered  strong  bases.  On  the  other  hand,  iron  and  aluminum  are 
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very  weakly  basic  and  magnesium  is  on  the  border  line.  It  is  a 
well-known  fact  that  the  salts  of  the  weaker  bases  are  more  easily 
hydrolyzed  than  those  of  the  strong  bases.  Thus,  even  though 
lithium,  sodium,  and  calcium  perchlorates  are  hydrated,  they 
are  sufficiently  strong  bases  to  withstand  the  action  of  the  water. 
The  basic  strength  of  magnesium,  iron,  and  aluminum,  however, 
is  not  sufficient  to  prevent  hydrolysis. 

The  results  obtained  in  the  quantitative  decomposition  of  the 
perchlorates  bear  out  even  more  conclusively  the  two  types  of 
decomposition.  If  the  above  explanation  is  valid,  one  would 
expect  chlorides  in  the  case  of  lithium,  sodium,  potassium,  and 
calcium,  and  oxides  from  magnesium,  iron,  and  aluminum.  As 
the  results  indicate,  this  is  a  fact,  except  in  the  case  of  calcium. 
However,  the  weight  of  residue  obtained  from  the  ignition  of 
Ca(C104)2.XH20  corresponds  very  nearly  to  the  empirical 
formula  Ca0.20CaCl2,  which  has  no  particular  significance. 


Obviously,  calcium  is  just  on  the  border  line  between  the  two 
types  of  decomposition  but  is  still  predominantly  of  the  first  type. 
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Ring  and  Ball  Softening  Points  of  Resins 

A  Constant-Temperature  Air-Bath  Method 
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A  method  of  determining  softening  points  of  resins  is  described,  in 
which  the  sample  is  heated  in  an  air  bath  immersed  in  a  liquid  bath 
held  at  a  constant  temperature.  A  scheme  and  tentative  formula  are 
presented  for  correlating  the  varying  observed  softening  points  of  a 
resin  obtained  when  different  liquid  bath  temperatures  are  used, 
together  with  a  basis  for  selection  of  the  bath  temperature  suitable 
for  making  the  test. 


THE  suitability  of  many  resinous  products  for  particular  uses 
is  often  related  to  the  softening  point — that  is,  the  tempera¬ 
ture  at  which  the  material  reaches  some  specified  degree  of 
fluidity.  The  temperature  range  within  which  such  fluidity  is 
to  be  maintained — that  is,  the  softening  point  limits — is  fre¬ 
quently  incorporated  in  specifications.  However,  this  softness 
or  fluidity  (softening  point),  as  determined  by  the  usual  test 
methods,  is  a  function  not  only  of  temperature  but  also  of  the 
duration  of  the  exposure  of  the  resin  to  the  heat.  It  is  also  affected 
by  the  medium  by  or  through  which  the  heat  energy  is  conducted 
to  the  resin.  Therefore,  all  numerical  values  depend  entirely 
on  the  purely  arbitrary  and  empirical  procedure  used  in  their 
determination,  and  must  be  identified  with  the  name  or  descrip¬ 
tion  of  the  method. 

Perhaps  the  best  known  method  for  determining  softening 
points  is  the  A.S.T.M.  ring  and  ball  method,  first  adopted  as  a 
tentative  method  in  1916  for  use  with  bituminous  materials,  and 
now  designated  as  A.S.T.M.  D36-26  (1).  In  order  to  adapt 
the  method  to  resinous  materials,  Walker  ( 6 )  proposed  certain 
modifications,  principally  a  change  in  the  design  of  the  ring  in 
which  the  sample  is  molded.  On  recommendation  of  Committee 
D-17  on  Naval  Stores  of  the  American  Society  for  Testing  Mate¬ 
rials,  this  method  was  adopted  as  a  new  tentative  standard  in 
1936,  and  is  now  known  as  A.S.T.M.  E28-42T  ( 2 ). 

Although  this  method  has  proved  satisfactory  and  is  often 
specified  as  the  test  method  when  the  softening  point  is  incor¬ 
porated  in  specifications  for  rosins  and  related  resins,  several 
features  have  limited  its  usefulness.  One  is  the  time  required  to 
run  a  large  number  of  samples,  as  must  be  done  in  some  plant 
control  laboratories.  Another  is  the  provision  that,  for  softening 
points  up  to  80°  C.,  water  shall  be  used  as  the  bath  medium,  while 


for  softening  points  above  that  temperature  glycerol  shall  be 
used.  For  resins  softening  at  or  near  80°,  the  bath  medium  must 
be  stated,  since  these  softening  points  may  differ  according  to  the 
bath  liquid  used.  Finally,  in  some  cases  the  hot  glycerol  has  a 
softening  or  plasticizing  effect  on  certain  synthetic  resins  that 
soften  in  the  higher  temperature  ranges. 

One  of  the  projects  of  A.S.T.M.  Committee  D-17,  through  its 
Subcommittee  I  on  Softening  Point  of  Rosin,  is  the  survey  or  de¬ 
velopment  of  new  methods  and  modifications  of  present  methods 
for  determining  the  softening  point,  with  the  view  of  developing, 
if  possible,  a  method  that  will  be  better  adapted  to  the  needs  of 
the  industry.  Five  requirements  have  been  set  (4) : 

1 .  Apparatus  to  be  of  simple  design  and  low  cost 

2.  Procedure  to  be  more  rapid  than  the  present  one 

3.  Results  to  have  good  reproducibility  within  =*=1.0°  C. 

4.  Method  to  be  applicable  to  a  wide  range  of  softening  points 

5.  Results  to  have  close  correlation  with  present  ring  and 
ball  softening  point  values 

This  paper  describes  a  method  of  test,  in  which  the  sample  is 
heated  in  an  air  bath  immersed  in  a  liquid  bath  held  at  a  constant 
temperature.  The  method  is  believed  to  meet  the  above  require¬ 
ments  and  also  to  overcome  the  objections  to  the  present  method, 
E28-42T.  A  scheme  for  determining  the  proper  bath  temperature 
at  which  any  resin  is  to  be  tested  is  also  presented,  together  with 
the  experimental  data  and  theory  upon  which  the  temperature 
selection  is  based. 

Several  air-bath  methods  are  already  in  use.  A  method  de¬ 
veloped  by  the  Bakelite  Company  has  been  included  in  Navy 
Department  Specification  52R  10b  for  p-phenylphenol-formalde- 
hyde  resins  (5).  In  addition  to  employing  a  different  size  ball 
and  ring,  it  retains  the  feature  of  a  rising  temperature  for  the 
heating  bath.  Both  the  General  Electric  Company  and  Hercules 
Powder  Company  have  methods  for  bituminous  materials  and 
rosins,  using  the  so-called  “thermometer  drop”  principle.  These 
methods  employ  a  specified  weight  of  sample  that  is  molded  onto 
the  bulb  of  a  thermometer,  and  placed  in  a  preheated  air  bath 
until  it  forms  a  tear  drop  which  falls  slowly  from  the  thermometer 
bulb.  These  two  methods,  although  satisfactory  when  used  by 
experienced  plant  control  chemists,  have  not  been  considered 
suitable  for  collaborative  study  and  standardization  for  adop¬ 
tion  as  A.S.T.M.  methods. 

Another  constant-temperature  method  is  that  of  Hershberger 
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and  Overbeck  (S),  in  which  the  ring  and  ball  tests  are  run  on 
petroleum  asphalts,  at  one  of  three  specified  temperatures,  se¬ 
lected  according  to  the  nature  of  the  material.  The  correspond¬ 
ing  softening  point  is  obtained  from  a  table,  and  depends  on  the 
observed  time  required  to  reach  the  prescribed  softening  point 
fluidity.  This  is  merely  a  modification  of  the  present  ring  and 
ball  method,  as  it  is  still  a  liquid  bath  method. 

THEORETICAL  CONSIDERATIONS 

Although  the  use  of  a  bath  at  a  constant  temperature  is  still 
an  arbitrary  method  of  determining  softening  points,  in  such  a 
procedure  there  are  certain  inherent  fundamental  advantages. 
The  theoretical  ring  and  ball  softening  point  of  a  resin  may  be  ex¬ 
pressed  by: 

S.P.  =  k  X  -  +  t 
c 

in  which 

k  =  a  numerical  correction  factor  based  on  the  difference  in 
heat  conductivity  of  the  resin,  ring,  and  bath 

h  =  total  heat  in  calories  supplied  to  the  sample,  ignoring  any 
latent  energy  of  fusion,  which  latter  may  be  assumed  to  be  the 
same  for  resins  of  approximately  equal  softening  points 
c  =  real  heat  capacity  of  amount  of  resin  in  ring 
t  =  initial  temperature  of  sample 

Thus,  the  true  softening  point  should  depend  only  on  the  char¬ 
acteristics  of  the  resin,  and  be  free  from  outside  influences.  All 
transition  points  are  best  measured  by  having  the  process  occur 
at  constant  temperature,  so  that  the  temperature  of  transition 
is  not  confused  with  extraneous  temperature  rises  within  the 
system.  An  approximation  to  such  conditions  is  represented  by 
curve  2  in  Figure  1,  in  which  the  softening  point  occurs  almost  at 
constant  temperature.  In  this  case  it  is  obvious  that  the  resin 
and  air-bath  temperatures  are  equal. 

As  obtained  by  the  A.S.T.M.  ring  and  ball  method,  as  well  as 
by  other  methods  that  employ  a  rising  temperature  bath,  the 
softening  point  is  primarily  a  measure  of  the  temperature  of  the 
bath  and  depends  largely  on  the  rate  at  which  the  bath  tempera¬ 
ture  increases. 

A  hypothetical  example  may  serve  to  illustrate  the  point.  Two 
resins  may  have  different  true  softening  points  and  still  show  the 
same  observed  softening  point  when  tested  by  a  rising  tempera¬ 
ture  method,  if  their  heat  capacities  are  different.  Assuming 
that  the  heat  conductivity  is  equal  in  both  cases,  it  will  require  a 
longer  time  for  the  resin  with  the  higher  heat  capacity  to  absorb 
the  amount  of  heat  needed  to  cause  a  specified  temperature  rise. 
In  the  meantime,  the  temperature  of  the  bath  is  increasing  at  a 
steady  rate,  independent  of  the  amount  of  heat  the  resin  is  ab¬ 


sorbing.  The  resin  with  the  higher  heat  capacity 
is  not  given  sufficient  time  to  absorb  enough  heat 
before  the  final  temperature  reading  is  taken.  If  a 
thermocouple  were  inserted  in  each  mold,  it  might 
show  not  only  that  neither  of  the  two  resins  was  at 
the  temperature  of  the  bath,  but  also  that  they 
were  not  at  the  same  temperature  internally. 

Again,  the  bath  medium  may  greatly  affect  the 
softening  point  because  of  the  difference  in  heat 
capacities.  These  constants  for  water,  glycerol, 
and  air  at  100°  C.  are,  respectively,  1.006,  0.669, 
and  0.240  calories  per  gram  ( cP  for  air  in  15° 
calories) .  This  difference  accounts  for  the  fact  that 
the  softening  point  of  a  resin  may  vary  by  as  much 
as  10°  C.  in  a  rising  temperature  method,  depend¬ 
ing  on  whether  a  water  bath  or  an  air  bath  is 
used.  The  true  softening  point  could  be  determined 
only  by  placing  a  thermometer  or  thermocouple 
in  the  sample  itself,  and  then  heating  the  bath 
slowly  enough  to  keep  the  temperature  of  the 
bath  and  the  mold  practically  equal  until  the 
resin  reached  the  arbitrarily  selected  degree  of 
fluidity.  This  would  entail  a  very  slow  rate  of 
heating  and  be  too  time-consuming  for  a  practical  method  of 
test. 

An  alternative  would  be  to  heat  the  sample  very  rapidly  at 
first,  until  it  is  a  few  degrees  below  its  softening  point,  and 
then  to  slow  the  temperature  rise  of  the  sample,  so  as  to  allow  it 
sufficient  time  to  absorb  enough  heat  from  the  surrounding 
bath  to  reach  the  dropping  point.  It  is  necessary  to  select  the 
conditions  best  suited  to  bring  about  this  result,  in  order  that  the 
test  procedure  may  be  kept  practical.  The  time  lag  would  have 
to  be  limited,  so  that  the  observed  softening  point  would  reflect 
the  condition  of  the  resin  when  brought  to  a  similar  temperature 
in  actual  use,  as  in  a  varnish  kettle. 

The  optimum  conditions  for  making  the  test,  conditions  which 
approach  the  theoretical  requirements  previously  discussed,  are 
obtained  by  using  an  air  bath  at  some  predetermined  constant 
temperature,  reasonably  close  to  the  final  softening  point,  since 
this  permits  the  sample  to  heat  up  rapidly  at  first,  after  which 
the  temperature  rise  or  heat  intake  levels  off  as  the  observed  soft¬ 
ening  point  is  approached.  It  also  eliminates  the  need  for 
closely  controlling  the  rate  of  heating  or  timing  of  the  operation. 

The  best  practical  conditions  under  which  to  make  a  test  can 
perhaps  be  brought  out  by  a  series  of  curves  showing  the  time- 
temperature  increment  on  resins  run  at  varying  temperatures 
above  their  softening  points. 

In  Figure  1,  curve  1  represents  the  results  obtained  when  too 
high  a  bath  temperature  is  used.  The  softening  point  occurred 
before  the  resin  had  had  opportunity  to  absorb  heat  slowly — 
that  is,  it  occurred  during  the  rapid  rise  in  temperature.  Curve 
2,  although  it  represents  the  best  conditions  for  taking  a  softening 
point  according  to  theory,  is  nevertheless  an  unacceptable  type, 
since  the  time  required  to  reach  the  softening  point  was  entirely 
too  long, and  thus  slowed  down  the  test.  The  slope  of  an  accept¬ 
able  type  of  curve  should  therefore  lie  somewhere  between  1 
and  2.  Such  a  curve  is  represented  by  curve  3,  in  which  the  soft¬ 
ening  point  was  reached  a  short  time  after  the  rate  of  tempera¬ 
ture  increase  began  to  slacken.  The  bath  temperature  in  this 
case  was  10°  C.  above  the  recorded  softening  point. 

EXPERIMENTAL  WORK 

The  experimental  work  in  this  study  consisted  of  running  a 
series  of  softening  point  tests  on  a  selection  of  gum  and  wood 
rosins,  treated  rosins,  and  rosin-base  synthetic  resins,  under 
various  conditions,  in  order  to  determine  what  conditions  of  test 
would  best  meet  the  points  of  practicability  brought  out  in  the 
theoretical  discussion,  and  what  correlation  might  be  expected 
between  air-bath  softening  points  and  those  obtained  by  the 
present  E28-42T  ring  and  ball  method. 
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Courtesy  Hercules  Powder  Co. 


Figure  2.  Original  Apparatus 


Figure  4.  Softening  Point  Assembly 


Briefly  stated,  the  method  used  in  running  the  air-bath  soft¬ 
ening  points  consisted  of  placing  the  sample,  previously  poured 
into  a  standard  shouldered  ring  mold,  in  an  air-bath  vessel  im¬ 
mersed  in  a  liquid  bath  (large  beaker  containing  glycerol)  main¬ 
tained  at  a  constant  temperature  above  the  softening  point.  The 
standard  steel  ball  is  placed  on  the  sample  in  the  usual  manner. 
The  observed  softening  point  is  the  reading  of  the  air-bath  ther¬ 
mometer  at  the  instant  when  the  softened  resin  drops  the  usual 
distance  of  2.5  cm.  (1  inch)  below  the  bottom  of  the  ring. 

The  general  over-all  design  of  the  apparatus  used  for  these 
tests  is  shown  in  Figure  2.  It  was  submitted  to  the  members  of 
Subcommittee  I  on  Softening  Point  of  Rosin  of  A.S.T.M.  Com¬ 
mittee  D-17  on  Naval  Stores,  as  a  result  of  a  report  covering  a  sur¬ 
vey  of  methods  in  use  for  determining  softening  point  by  a  special 
group  of  the  subcommittee,  headed  by  its  chairman,  C.  E.  Kinney 
of  the  Hercules  Powder  Company.  Improvements  recom- 


Figure  5.  Time  vs.  Temperature  Curves.  5°,  10°,  and  15°  C. 

above  S.P. 


mended  by  the  authors  of  this  paper  include  a  mechanical  stirrer 
for  the  liquid  bath,  and  a  ring  holder,  the  design  of  which  is 
shown  in  Figure  3.  The  assembly  as  set  up  and  used  is 
shown  in  Figure  4.  The  stirrer  permits  easier  control  of  the  con¬ 
stant  temperature  of  the  liquid  bath,  and  more  rapid  and  uniform 
heat  transfer  to  the  air  bath.  The  use  of  the  ring  holder  avoids 
the  necessity  of  having  the  individual  rings  attached  to  wire 
handles,  and  thereby  simplifies  the  preparation  of  the  samples. 
It  also  permits  rapid  changing  of  the  test  samples,  thus  shortening 
the  time  required  for  running  a  series  of  tests.  Six  rosin  samples 
per  hour  may  be  tested  without  difficulty. 

Procedure  1 .  Three  of  the  resins,'  representing  three  types 
with  widely  differing  softening  points,  were  selected  and  the  air- 
bath  tests  were  made  at  three  levels  or  temperatures,  5°,  10°,  and 
15°  C.  above  the  known  ring  and  ball  values.  The  softening 
point  curves  for  these  three  samples  (Figure  5)  serve  to  show ,  by 
their  similarity  to  curve  3  of  Figure  1,  that  values  obtained  un¬ 
der  any  of  these  conditions  will  meet  most  of  the  practical  re¬ 
quirements  of  a  softening  point  test.  Of  course,  they  will  not 
all  be  acceptable  as  meeting  the  optimum  theoretical  require¬ 
ments  for  measurement  at  constant  temperature.  Tests  made  at 
a  bath  temperature  more  than  15°  above  the  softening  point 
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Table  I.  Correction  and  Correlation  of  Observed  Softenins  Point  Results  Obtained  at  5°,  10°,  and  15°  Levels 


Sample 
Gum  1 


2 

3 

4 

5 

0 


Limed  gum  7 


8 

9 


Modified  wood  10 


11 

12 

13 

14 

15 


Synthetic  16 


17 

18 


Liquid 

Observed 

Corrected 

Mean  Corrected 

Deviation 

E28 

Deviation 

Bath 

Softening 

Correction, 

Softening 

Softening 

from 

Softening 

from 

Temperature 

Point 

9-  (B  -  A) 

Point 

Point 

Mean 

Point 

E28 

0  C. 

°  C. 

°  C. 

°  C. 

°  C. 

°  C. 

°  C. 

80 

71.2 

a 

71.2 

73.1 

1.9 

74.5 

3.3 

85 

74.8 

a 

74.8 

1.7 

0.3 

90 

77.1 

-3.9 

73.2 

0.1 

1.3 

80 

71.8 

a 

'71.8 

73.0 

1.2 

72.5 

0.7 

85 

74.5 

a 

74.5 

1.5 

2.0 

90 

76.9 

-4.1 

72.8 

0.2 

0.3 

80 

73.7 

+  2.7 

76.4 

76.5 

0.1 

75.8 

0.6 

85 

76.1 

a 

76.1 

0.4 

0.3 

90 

79.0 

-2.0 

77.0 

0.5 

1.2 

85 

79.0 

+3.0 

82.0 

81.1 

0.9 

81.0 

1.0 

90 

81.4 

a 

81.4 

0.3 

0.4 

95 

83.0 

-3.0 

80.0 

1.1 

1.0 

85 

79.7 

+3.7 

83.4 

82.8 

0.6 

81.4 

2.0 

90 

82.0 

_  a 

82.0 

0.8 

0.6 

95 

84.5 

-L5 

83.0 

0.2 

1.6 

80 

74.0 

+  3.0 

77.0 

76.9 

0.1 

77.0 

0 

85 

76.8 

a 

76.8 

0.1 

0.2 

90 

79.0 

-2^0 

77.0 

0.1 

0 

100 

93.0 

+  2.0 

95.0 

93.6 

1.4 

93.0 

2.0 

105 

94.8 

a 

94.8 

.  .  . 

1.2 

1 . 8 

110 

96.0 

—  fLO 

91.0 

2.6 

2.0 

100 

94.1 

+  3.1 

97.2 

97.3 

0.1 

98.4 

1.2 

105 

97.1 

+  1.1 

98.2 

0.9 

0.2 

110 

98.7 

-2.3 

96.4 

0.9 

2.0 

115 

107.5 

+  1.5 

109.0 

109.3 

0.3 

109.0 

0 

120 

110.0 

a 

110.0 

0.7 

1.0 

125 

112.5 

—  3.5 

109.0 

0.3 

0 

100 

94.6 

+3.6 

98.2 

97.5 

.  0.7 

98.6 

0.4 

105 

96.7 

a 

96.7 

0.8 

1.9 

no 

99.3 

—  i  .7 

97.6 

0.1 

1.0 

115 

108.6 

+2.6 

111.2 

112.5 

1.3 

111.5 

0.3 

120 

111.7 

a 

111.7 

0.8 

0.2 

125 

115.3 

-6.7 

114.6 

2.1 

3.1 

140 

132.5 

+  1.5 

134.0 

135.2 

1.2 

135.0 

1.0 

145 

134.9 

a 

134.9 

0.3 

0.1 

150 

138.8 

-2.2 

136.6 

1.4 

1.6 

155 

149.5 

+  3.5 

153.0 

151.6 

1.4 

150.6 

2.4 

160 

151.5 

a 

151.5 

0.1 

0.9 

165 

153.2 

—  2.8 

150.4 

1.2 

0.2 

75 

67.5 

+  1.5 

69.0 

68.8 

0.2 

69.3 

0.3 

80 

69.5 

a 

69.5 

0.7 

0.2 

85 

72.0 

—  4 !  0 

68.0 

0.8 

1.3 

95 

88.4 

+  2.4 

90.8 

90.7 

0.1 

89.3 

1.5 

100 

91.3 

a 

91.3 

0.6 

2.0 

105 

93.0 

-3.0 

90.0 

0.7 

0.7 

140 

134.2 

+3.2 

137.4 

137.4 

0 

137.5 

0.1 

147 

137.9 

a 

137.9 

0.5 

0.4 

150 

139.0 

-2.0 

137.0 

0.4 

0.5 

155 

149.0 

+  3.0 

152.0 

153.0 

1.0 

153.5 

1.5 

160 

152.0 

a 

152.0 

1.0 

1.5 

165 

154.9 

a 

154.9 

1.9 

1.4 

170 

164.1 

+  3.1 

167.2 

169.1 

1.9 

169.8 

2.6 

175 

167.5 

+  1.5 

169.0 

0.1 

. . . 

0.8 

180 

171.0 

a 

171.0 

. . . 

1.9 

1.2 

“No  correction  made,  as  value  is  within  8.0°  to  10.5°  C.  below  bath  temperature. 


Deviations  C. 

Average  deviation  among  corrected  softening  point  values  1.4 

Maximum  deviation  among  corrected  softening  point  values  4.0 

Average  deviation  of  individual  corrected  softening  point  values  from  mean  corrected  softening  point  0.8 
Maximum  deviation  of  individual  corrected  softening  point  values  from  mean  corrected  softening  point  2.6 
Average  deviation  of  individual  corrected  softening  point  values  from  E28-42T  values  1 .04 

Maximum  deviation  of  individual  corrected  softening  point  values  from  E28-42T  values  3.3 

Average  deviation  of  mean  corrected  softening  point  from  E28-42T  0.7 

Maximum  deviation  of  mean  corrected  softening  point  from  E28-42T  1.4 


showed  that  softening,  under  such  conditions,  took  place  during 
too  rapid  a  rise  in  temperature. 

Procedure  2.  Having  established  the  acceptability  of  any 
softening  point  values  obtained  with  the  liquid  bath  temperature 
from  5°  to  15°  above  the  observed  air-bath  reading  at  the  soften¬ 
ing  point,  it  was  still  necessary  to  ascertain  whether  any  relation¬ 
ship  existed  between  such  results  and  the  regular  ring  and  ball 
softening  points,  since  such  correlation  was  one  of  the  aims  set 
forth  in  the  discussion  of  new  methods  by  A.S.T.M.  Committee 
D-17;  and  more  important,  whether  any  correlation  existed 
among  such  results  themselves.  The  variation  among  the  soften¬ 
ing  points  obtained  at  the  three  levels,  as  shown  by  the  curves  of 
Figure  5,  indicated  that  corrections  must  be  applied  in  order  to 
obtain  uniformity  in  the  final  accepted  value  for  the  softening 
point  of  any  sample.  A  comparison  of  results  obtained  at  dif¬ 
ferent  temperature  levels  with  those  obtained  by  the  ring  and 
ball  method  indicated  that  the  closest  correlation  might  be  ex¬ 


pected  when  the  difference  between  the  liquid  bath  temperature 
and  the  observed  softening  point  was  approximately  10°. 

Eighteen  samples  representing  a  wide  range  of  softening  points 
were  tested.  (The  modified  rosins  and  synthetic  resins  were 
supplied  by  Newport  Industries,  Inc.,  Pensacola,  Fla.,  and  Resin¬ 
ous  Products  and  Chemical  Co.,  Philadelphia,  Pa.,  respectively.) 
First  the  ring  and  ball  softening  points  were  determined  in  the 
usual  manner.  Then  the  air-bath  softening  points  were  run 
with  the  liquid  bath  temperatures  approximately  5°,  10°,  and 
15°  above  that  point,  using,  however,  temperatures  on  the  even 
5°  points  on  the  thermometer,  since  the  temperature  selected  for 
an  unknown  would  be  without  reference  to  ring  and  ball  data. 
The  results  of  this  series  of  tests  are  given  in  columns  3  and  8  of 
Table  I. 

Although  the  determination  of  a  theoretically  exact  correction 
factor  might  be  possible  by  means  of  a  complicated  equation,  the 
available  data  did  not  seem  sufficient  at  this  time  to  warrant 
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such  an  ambitious  step  on  the  authors’  part.  A  study  of  the 
data  indicated,  however,  that  a  sufficient  agreement  among  the 
final  results  on  softening  points  obtained  at  the  different  bath 
temperatures,  and  incidentally,  with  the  regular  ring  and  ball 
values  as  well,  could  be  arrived  at  by  a  rather  simple  scheme  and 
formula.  Computation  of  the  final  results  is  made  as  follows: 

When  the  observed  air-bath  softening  point  falls  within^a  tem¬ 
perature  range  that  is  not  less  than  8°  nor  more  than  10°  below 
the  temperature  of  the  outer  bath  liquid,  the  deviation  is  so  small 
that  it  is  not  necessary  to  make  a  correction,  and  the  results  may 
be  accepted  uncorrected. 

When  the  observed  air-bath  softening  point  falls  within  the 
range  between  5°  and  8°,  or  10.5°  and  15°  below  the  outer  bath 
temperature,  the  observed  reading  must  be  corrected.  For  this 
purpose,  the  following  formula  is  proposed: 


S.P.  =  A  +  [9  -  {B  -  A)] 


in  which,  .  ,  ,  . 

S.P.  =  corrected  softening  point  to  be  reported  tor  sample 
A  =  observed  softening  point — i.e.,  air-bath  thermometer 


reading  . 

B  =  temperature  of  outer  liquid  constant -temperature  bath 
Thus,  when  ( B  -  A)  is  less  than  9,  the  quantity  within  the 
brackets  has  a  plus  value,  and  the  correction  is  added  to  A; 
when  {B  -  A)  is  greater  than  9,  the  quantity  inside  the  brackets 
has  a  minus  value,  and  the  correction  is  numerically  subtracted 


When  the  observed  softening  point  is  less  than  5°  or  more  than 
15°  below  the  outer  liquid  bath  temperature,  the  sample  must  be 
rerun  at  the  next  higher  or  lower  10°  mark — for  example,  if  the 
observed  softening  point  at  a  bath  temperature  of,  say,  100°  C;, 
is  less  than  85°  or  more  than  95°,  the  sample  must  be  retested  at 
90°  or  110°  C.,  whichever  is  required. 


RECOMMENDED  PROCEDURE 

From  the  specifications  or  other  known  characteristics  of  the 
class  or  type  of  material  to  be  tested,  estimate  the  approximate 
softening  point.  For  completely  unknown  material,  cause  a 
few  small  pieces  to  adhere  to  the  bulb  of  a  200  C.  thermometer 
and  warm  carefully  over  a  small  flame .  Note  the  temperature 
when  the  resin  starts  to  flow. 

Run  the  test  at  a  liquid  bath  temperature  which  corresponds 
most  nearly  to  a  10°  C.  difference  between  the  liquid  bath  tem¬ 
perature  and  the  expected  softening  point.  The  thermometer 
reading  in  the  liquid  bath  should  be  at  the  nearest  10°  mark  i.e., 
tests  run  at  80°,  90°,  100°,  etc. 

Prepare  the  test  samples  in  the  usual  manner  as  prescribed 
in  A.S.T.M.  test  E28-42T,  by  melting  (at  minimum  tempera¬ 
ture)  and  pouring  the  resin  into  the  standard  shouldered  ring 
described  in  that  test  procedure.  The  rings  should  be  previously 
warmed  and  should  rest  on  an  amalgamated  plate,  bottom  up. 
If  excessive  frothing  occurs,  as  often  happens  with  the  high- 
melting  synthetic  resins,  allow  the  melted  resin  to  stand  for  a 
minute  or  two  to  permit  the  froth  to  rise  to  the  surface,  and  push 
or  hold  it  back  with  a  spatula  while  pouring  the  molds.  With  a 
heated  spatula  blade  cut  excess  resin  from  the  mold  before  it 
completely  solidifies.  Since  excessive  cracking  often  occurs 
when  the  higher  melting  resins  cool,  it  is  advisable  to  place  these 
molds  in  an  oven  at  about  20°  C.  below  the  softening  point,  and 
allow  them  to  cool  there.  This  prevents  much  of  the  cracking, 
but  it  has  been  found  that  a  limited  amount  of  cracking  in  the 
mold  has  no  appreciable  effect  on  the  results.  The  excess  resin 
can  be  removed  a  few  minutes  after  the  molds  have  been  placed 
in  the  oven.  When  the  approximate  softening  point  is  known, 
three  molds  per  sample  is  sufficient. 

Place  the  air-bath  cylinder  in  the  liquid  bath,  and  bring  the 
liquid  to  the  constant  temperature  selected  for  the  test.  There¬ 
after  allow  the  air-bath  cylinder  to  remain  in  the  liquid.  Stir 
the  outer  bath  to  obtain  uniform  temperature  throughout  the 
test.  An  open  flame  is  recommended  for  heating  the  bath 
An  A.S.T.M.  partial  immersion  thermometer,  range  from  —5° 
to  4-300°  C.  (El  —  2C),  is  recommended  for  the  liquid  bath. 

By  means  of  a  warmed  glass  rod,  make  a  slight  depression  in 
the  center  of  the  mold  to  keep  the  ball  from  rolling  off.  Pl&ce 
the  ring  in  the  ring  holder,  and  a  standard  0.94-cm.  (0.375-inch) 
steel  ball  on  the  sample.  By  means  of  a  hooked  wire,  lower  the 
ring  holder  into  the  air-bath  cylinder.  Stopper  the  cylinder  with 
a  cork,  having  a  hole  just  large  enough  to  accommodate  loosely 
an  A.S.T.M.  high  softening  point  thermometer  (El  -  16C). 

As  the  test  proceeds  the  ball  gradually  passes  through  the  ring 
and  slowly  drops.  Note  the  reading  of  the  air-bath  thermometer 
at  the  instant  the  sample  strikes  the  plate  below  it  (a  distance  of 
2.5  cm.,  1  inch,  below  the  lower  edge  of  the  ring).  This  is  the 


Table  II.  Duplication  of  Observed  Softening  Points  Obtained  at 
Same  Bath  Temperature 


Sample 

°  C. 

Observed  Softening  Points 
°  C. 

°  C. 

Gum  1 

77.0 

76.5 

77.2 

2 

77.3 

77.5 

76.8 

3 

76.0 

76.1 

4 

81.3 

81.4 

81.5 

5 

82.0 

82.1 

81.8 

6 

79.0 

79.0 

Limed  gum  7 

92.9 

93.0 

8 

98.6 

98.8 

9 

110.0 

110.0 

Modified  wood  10 

99.3 

99.3 

lii'8 

11 

111.6 

111.7 

12 

132.0 

132.5 

132.5 

13 

151.4 

151.5 

151.9 

14 

67.5 

67.6 

15 

91.0 

91.5 

Synthetic  16 

139.5 

138.5 

139.0 

17 

152.0 

152.0 

18 

171.0 

171.0 

observed  softening  point,  A.  Note  also  the  bath  temperature,  B. 
If  the  difference  is  less  than  5°,  rerun  at  the  next  10°  higher  level; 
if  more  than  15°,  rerun  at  the  next  lower  10°  level. 

If  the  difference  between  the  liquid  bath  temperature  and  the 
observed  softening  point  is  not  less  than  8.0°  nor  more  than  10.5°, 
accept  the  observed  softening  point  without  correction;  if  the 
difference  in  temperatures  is  not  less  than  5.0°  nor  more  than 
8.0°,  or  not  less  than  10.5°  nor  more  than  15.0°,  correct  the  ob¬ 
served  softening  point  by  means  of  the  formula: 

S.P.  =  A  +  [9  -  {B  -  A)] 

Table  II  shows  that  very  little  deviation  occurred  between 
duplicate  runs  made  under  the  same  conditions.  Corrections 
applied  to  these  observed  softening  points  will  affect  the  devia¬ 
tions  to  only  a  very  limited  extent ;  results  obtained  on  the  same 
sample,  in  the  manner  described  above,  should  not  differ  by  more 
than  1.0°  C. 

SUMMARY 

The  usefulness  of  softening  points  and  methods  used  in  their 
determination  are  discussed.  Objections  to  the  present  methods 
and  criteria  for  improved  methods  are  pointed  out. 

The  determination  of  softening  point  is  discussed  from  a 
theoretical  point  of  view.  It  is  shown  that  any  method  of  ob¬ 
taining  this  value,  to  be  practical,  must  ignore  to  a  great  extent 
the  principle  of  measuring  the  transition  point  while  no  change 
occurs  in  the  internal  temperature  of  the  system. 

An  air-bath  method  of  test  for  softening  point  operated  at  con¬ 
stant  temperature  is  presented,  together  with  experimental  data 
to  show  that  the  method  is  based  upon  an  attempt  to  link  prac¬ 
tice  with  theory. 

A  method  is  presented  for  computing  the  correction  to  be  ap¬ 
plied  for  correlating  values  obtained  at  different  bath  tempera¬ 
tures.  The  corrected  softening  point  values  are  also  in  close 
agreement  with  usual  E28-42T  ring  and  ball  values.  Data  are 
presented  (Table  I)  showing  the  application  of  the  method  over 
a  range  of  softening  points  between  approximately  70°  and  170°  C. 

The  apparatus  employed  is  of  simple  design,  consisting  mainly 
of  standard  equipment  used  in  making  A.S.T.M.  ring  and  ball 
tests.  A  scale  drawing  of  a  special  ring  holder  is  shown. 

A  recommended  procedure  is  presented,  more  rapid  than  the 
regular  A.S.T.M.  E28-42T  method,  and  applicable  to  a  wide 
range  of  softening  points  and  resin  types,  from  rosin  to  high- 
melting  synthetic  resins.  Results  may  be  duplicated  within  1.0°  C. 
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Determination  of  Aromatics  in  Light  Petroleum  Distillates 

By  Use  of  Specific  Dispersions  between  Sodium  D  L  ine  and  Mercury  g  Line 

H.  M.  THORNE,  WALTER  MURPHY,  and  JOHN  S.  BALL 
Petroleum  and  Oil-Shale  Experiment  Station,  Bureau  of  Mines,  Laramie,  Wyo. 


The  aromatic  content  of  a  hydrocarbon  mixture  in  the  gasoline 
boiling  range  containing  no  olefins  or  diolefins  may  be  determined 
from  the  refractive  indexes  for  the  mercury  g  and  the  sodium  D  lines, 
and  from  the  density,  all  determined  at  20°  C.  The  specific  dis¬ 
persion  of  the  mixture  is  calculated  by  the  equation: 


Sa  = 


d 


20 

4 


X  10< 


The  per  cent  aromatics  in  the  mixture  may  then  be  obtained  from 
the  equation: 


W  = 


S. 

s„ 


122.4 

122.4 


X  100  +  C 


where  W  is  the  weight  per  cent  of  aromatics  in  the  sample,  S „  is  the 
specific  dispersion  of  the  sample,  S„  is  the  specific  dispersion  of  the 
aromatic  being  determined,  122.4  is  the  average  specific  dispersion 
of  paraffins  and  naphthenes,  and  C  is  the  correction  obtained  from 
Figure  3.  The  values  of  specific  dispersion  for  the  several  aromatics 
are:  benzene,  248.4,-  toluene,  241.4,-  ethylbenzene,  228.1; 
o-xylene,  234.8;  m-xylene,  237.1;  p-xylene,  238.2,-  and  iso¬ 
propylbenzene,  215.8. 


The  per  cent  of  aromatics  in  a  sample  may  then  be  determined 
by  the  following  equation: 

W  =  S’  ~  lnp  X  100  +  C  (3) 

Oo  &np 


where  W 
S, 
Snp 
Sa 

c 


weight  per  cent  aromatics  in  sample 

specific  dispersion  of  sample 

specific  dispersion  of  naphthenes  and  paraffins 

specific  dispersion  of  aromatic  being  determined 

correction 


The  correction,  C,  is  necessary  because  the  relationship  between 
specific  dispersion  and  concentration  is  not  exactly  linear. 


Equation  3  may  be  applied  to  mixtures  containing  more  than 
one  aromatic  by  the  use  of  an  average  value  for  their  specific  dis¬ 
persions,  but,  unless  the  values  for  the  aromatics  are  virtually  the 
same,  an  error  will  be  introduced.  The  presence  of  unsaturated 
hydrocarbons  (olefins  and  diolefins)  makes  necessary  a  modifica¬ 
tion  of  the  method  in  which  diolefins  are  removed  and  a  correc¬ 
tion  for  olefins  is  calculated  from  the  bromine  number  as  sug¬ 
gested  by  Grosse  (6) .  Although  oxygen,  nitrogen,  sulfur,  and 
halogen  compounds  would  interfere,  they  are  usually  present  in 
too  small  amounts  in  petroleum  products  to  affect  the  results. 


A  METHOD  for  the  determination  of  aromatics  in  hydrocar¬ 
bon  mixtures  of  the  gasoline  boiling  range  which  has  been 
widely  used  is  that  of  Grosse  and  Wackher  ( 6 ).  This  method  is 
based  upon  the  determination  of  the  specific  dispersion  between 
the  F  and  C  lines  of  hydrogen.  The  recent  availability  of  sodium 
and  mercury  light  sources  of  increased  convenience  over  the  hy¬ 
drogen  light  sources  has  made  possible  a  modification  of  the 
method  which  is  susceptible  of  greater  accuracy  than  the  original 
method.  Refractometers  of  either  an  Abbe  type  with  compen¬ 
sating  prisms,  or  a  Pulfrich  type,  were  used  in  Grosse  and  Wack- 
her’s  method  but,  since  its  publication,  precision  refractometers 
of  an  improved  Abbe  type  using  monochromatic  light  have  come 
into  general  use.  These  refractometers,  which  are  supplied  with 
mercury  and  sodium  light  sources,  are  capable  of  accuracies  ap¬ 
proaching  those  of  the  Pulfrich  instrument  and  are  available  from 
domestic  manufacturers. 

DETERMINATION  OF  AROMATIC  HYDROCARBONS 

The  specific  dispersion  of  a  substance  is  defined  as  the  difference 
between  the  refractive  indexes  for  two  specified  wave  lengths 
divided  by  the  density,  each  of  the  properties  being  determined  at 
the  same  temperature.  A  factor  of  HP  is  usually  included,  so 
that  the  specific  dispersion  results  in  a  convenient  number. 

This  definition  may  be  expressed  in  mathematical  terms  as: 

5  LB  x  io<  (l) 

where  S  is  specific  dispersion,  na  and  n&  are  refractive  indexes 
measured  for  wave  lengths  a  and  6,  and  d  is  the  density.  A  tem¬ 
perature  of  20°  C.  is  usually  selected  for  the  measurements. 

The  method  of  Grosse  and  Wackher  is  based  upon  the  principle 
that  the  specific  dispersion  of  mixtures  of  naphthenes  and  paraf¬ 
fins  using  the  hydrogen  F  (4861  A.)  and  C  (6563  A.)  lines  is  essen¬ 
tially  constant  while  aromatics  have  substantially  higher  specific 
dispersions.  For  these  lines,  the  specific  dispersion  may  be  cal¬ 
culated: 


ADAPTATION  TO  g  AND  D  LINES 

A  few  authors  ( 8 ,  16)  have  referred  to  the  use  of  the  sodium  D 
(5893  A.)  and  the  mercury  g  (4358  A.)  lines  in  analyzing  hydro¬ 
carbon  mixtures  by  dispersion  methods,  but  none  of  the  data 
presented  appeared  to  be  sufficiently  accurate  for  adaptation  of 
Grosse’s  method.  The  values  necessary  for  application  of  Equa¬ 
tion  3  to  g-D  data  are:  (1)  the  g-D  specific  dispersion  of  naph¬ 
thenes  and  paraffins  over  the  boiling  range  desired,  (2)  the  g-D 
specific  dispersions  for  the  various  aromatics  that  may  be  present 
in  this  boiling  range,  and  (3)  the  evaluation  of  corrections  neces¬ 
sary  because  the  data  deviate  slightly  from  the  basic  equation. 
The  effect  of  olefins  or  diolefins  was  not  considered  because  most 
of  the  bureau’s  work  has  been  done  on  straight-run  gasolines  or 
condensates,  which  are  usually  free  from  olefinic  compounds. 

The  best  method  for  obtaining  specific  dispersion  values  for  the 
various  groups  of  hydrocarbons  would  be  from  measurements  on 
highly  purified  compounds.  However,  this  method  was  imprac¬ 
tical  for  the  naphthenes  and  paraffins.  Therefore,  it  was  neces¬ 
sary  to  make  measurements  on  mixtures  derived  from  petroleum 
distillates  in  which  no  aromatic  was  present.  The  values  thus 
obtained  were  checked  by  measurements  on  two  purified  com¬ 
pounds.  The  specific  dispersions  for  the  aromatics  were  obtained 
from  measurements  on  purified  compounds.  As  a  considerable 
amount  of  F-C  data  is  available,  and  it  has  been  stated  (17)  that 
these  may  be  converted  to  other  wave  lengths  by  means  of  the 
Cauchy  equation,  such  conversions  were  made  as  a  check  upon 
the  results.  The  results  of  these  conversions  will  be  discussed 
later. 

SPECIFIC  DISPERSIONS  OF  PETROLEUM  FRACTIONS 

Compilations  of  data  such  as  those  of  Ward  and  Kurtz  (17) 
indicate  that  the  F-C  specific  dispersions  of  paraffins  and  naph¬ 
thenes  are  approximately  constant  over  the  gasoline  boiling  range. 
The  assumption  was  made  that  the  g-D  specific  dispersion  would 
also  be  a  constant,  and  experiments  were  made  to  determine  its 
value. 
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Table  I.  Specific  Dispersion  Values  of  Fractions  Boiling  Outside 
the  Aromatic  Ranges  for  48  Naphthas 


Boiling  Range, 

o 


Specific  Dispersion 
Limits  Average 


Preceding  benzene  100-140 

Following  benzene  185-203 

Following  toluene  243-258 


120.0-125.1  122.8 
119.6-123.8  122.3 
121.0-125.6  123.3 


Table  II.  Specific  Dispersion  Values  of  Dearomatized  Mixtures 
of  Paraffins  and  Naphthenes  Fractionated  from  Naphthas 


Hydroformer 
Charging  Stock 

Macedonia, 

Ark., 

Condensate 

Lance  Creek, 
Wyo., 
Naphtha 

No. 

Av. 

No. 

Av. 

No. 

Av. 

Boiling 

of 

specific 

of 

specific 

of 

specific 

Range, 

frac- 

disper- 

frac- 

disper- 

frac- 

disper- 

o 

tions 

sion 

tions 

sion 

tions 

sion 

LOO-140 

2 

123.8 

5 

123.3 

L40-185 

3 

122.3 

23 

122.4 

185-203 

i 

122.1 

1 

122.6 

15 

122.4 

203-243 

8 

122.3 

1 

122.3 

32 

122.5 

243-258 

3 

122.4 

1 

122.6 

24 

122.7 

Above  258 

2 

122.1 

1 

122.7 

58 

122.3 

In  early  analytical  work  by  the  bureau,  the  average  specific 
dispersion  of  a  number  of  fractions,  recovered  before  and  after 
the  boiling  ranges  of  the  aromatics  involved,  was  used  as  the 
specific  dispersion  of  paraffins  and  naphthenes.  The  average 
specific  dispersion  values  for  those  ranges  obtained  by  analyzing 
forty-eight  naphthas  are  given  in  Table  I.  The  wide  limits  of 
results  indicated  either  that  relatively  large  differences  existed 
among  naphthas  from  various  sources,  or  that  the  determination 
of  specific  dispersion  of  paraffins  and  naphthenes  under  these 
conditions  was  less  accurate  than  had  been  thought.  The  latter 
assumption  is  believed  to  be  correct  for  two  reasons:  (1)  it  is  ex¬ 
ceedingly  difficult  to  be  certain  by  refractometric  methods  that 
aromatics  are  absent  from  a  given  fraction  even  though  their 
boiling  points  are  remote  from  that  of  the  fraction;  (2)  the  pre¬ 
cision  refractometer  in  routine  service  does  not  give  results  of 
high  accuracy  unless  very  close  control  of  conditions  and  use  is 
maintained.  The  accuracy  is  discussed  below.  Furthermore, 
even  if  sufficient  accuracy  in  the  measurement  could  be  attained, 
the  values  which  should  be  used  are  those  for  the  aromatic  range 
rather  than  those  for  fractions  just  outside  that  range. 

For  these  reasons  specific  dispersions  were  determined  for  the 
paraffin-naphthene  mixtures  remaining  after  dearomatization 
of  the  naphthas. 


Referring  to  Table  II  and  Figure  1,  it  will  be  noted  that  the 
regions  of  largest  deviation  from  constancy  are  those  outside  the 
aromatic  boiling  ranges,  which  are  140°  to  185°  F.  for  benzene 
and  203°  to  243°  F.  for  toluene.  The  first  fraction  which  boils 
below  benzene  has  a  comparatively  high  specific  dispersion.  This 
may  be  the  result  of  inaccuracies  in  determination,  as  the  results 
on  low-boiling  fractions  are  often  erratic,  but  data  on  pure  hydro¬ 
carbons  ( 1 7)  in  this  region  suggest  that  slightly  higher  dispersions 
may  be  expected.  The  material  recovered  between  the  toluene 
and  ethylbenzene  boiling  ranges  (243°  to  258°  F.)  also  has  a  high 
specific  dispersion,  probably  caused  by  the  presence  of  trans- 1,3- 
and  firms- 1,4-dimethylcyclohexanes  which  have  high  values. 
The  best  value  for  the  specific  dispersion  for  those  ranges  where 
aromatics  actually  are  present  is  122.4  and  the  small  deviations 
between  ranges  suggests  that  this  value  is  substantially  constant. 
Extensive  data  on  pure  compounds  for  the  F-C  specific  dispersion 
(17)  indicate  considerable  variations,  but  large  differences  be¬ 
tween  fractions  are  not  obtained  because:  (1)  the  fractionation 
employed  usually  yields  mixtures  rather  than  pure  compounds, 
and  (2)  the  compounds  with  values  that  deviate  most  widely 
from  the  average  either  are  absent,  or  are  present  only  in  small 
amounts.  Within  the  limits  of  accuracy  of  determination  of  the 
specific  dispersions,  these  facts  will  correlate  the  results  obtained 
here  with  the  variations  in  F-C  data. 

SPECIFIC  DISPERSIONS  OF  PURE  COMPOUNDS 

Table  III  gives  the  g-D  specific  dispersions  of  n-heptane  and 
methylcyclohexane  as  determined  upon  specially  purified  prod¬ 
ucts.  Several  physical  properties  of  these  materials  are  included 
to  indicate  their  purity  by  comparison  with  literature  values. 
Previous  data  for  g-D  specific  dispersions  of  paraffins  and  naph¬ 
thenes  are  also  given.  The  previous  data  for  specific  dispersions 
are  not  in  agreement  among  themselves  and  are  therefore  unsuit¬ 
able  for  the  present  purpose.  The  values  for  the  two  compounds 
determined  in  this  laboratory  check  those  obtained  for  petroleum 
fractions. 

In  the  study  of  avaiation  gasolines,  the  aromatic  hydrocarbons 
boiling  below  n-propylbenzene  have  been  of  greatest  interest. 
As  the  published  data  for  g-D  dispersion  on  these  compounds 
were  inadequate,  the  seven  hydrocarbons  in  the  group  were  puri¬ 
fied  and  the  properties  determined.  A  comparison  of  the  proper¬ 
ties  of  the  purified  compounds  with  published  values  in  Table  IV 
indicates  that  each  of  the  compounds,  with  the  exception  of  o- 
xylene,  is  of  high  purity.  A  freezing  point  determination  of 
impurity  in  the  benzene  made  by  Huffman  and  Knowlton  (7) 


Three  types  of  naphthas  were 
used,  the  first  two  of  which  were 
a  hydroformer  charging  stock  of 
high  naphthene  content,  and  a 
condensate  from  the  Macedonia, 
Ark.,  field  which  had  a  low 
naphthene  content.  These 
naphthas  were  separated  into  5% 
fractions  by  distillation  and  the 
aromatics  were  removed  from 
each  fraction  by  filtration  through 
silica  gel  (9).  The  specific  dis¬ 
persions  of  the  dearomatized  frac¬ 
tions  were  then  determined.  The 
third  naphtha  was  from  Lance 
Creek,  Wyo.,  crude  oil  and  also 
had  a  low  naphthene  content. 
This  naphtha  was  dearomatized 
by  treatment  with  silica  gel,  and 
then  separated  into  0.5%  frac¬ 
tions  in  a  95-plate  fractionating 
column.  Subsequent  analysis  of 
the  dearomatized  naphtha  by  an 
ultraviolet  spectrophotometer 
showed  less  than  0.02%  aroma¬ 
tics.  The  data  for  these  three 
naphthas  are  plotted  in  Figure  1, 
and  some  averages  are  presented 
in  Table  II. 


Table  III.  Comparison  of  Properties  of  Purified  Compounds  with  Literature  Values 


Compound 


n-Heptane 


Methylcyclohexane 


Literature  data  on  other 
paraffins  and  naphthenes 
n-Pentane 
n-Hexane 

/z-Decane 

2,7-Dimethyloctane 

Cyclohexane 

Dimethylcyclohexane 
l-Methyl-4-is  opr  opyl  cy¬ 
clohexane 

Decahydronaphthalene 


Boiling  Point, 

Density, 

Refractive  Indexes 

Specific 
Disper¬ 
sion,  g-D 

Refer¬ 

760  Mm. 

°  C.  °  F. 

d  =  ° 

n  r> 

n  . 

ence 

98.5  209.3 

98.4 

98.40 

0.68380 

0.68375 

0.68378 

1.38758 

1.38774 

1 . 38775 

1.39596 

1.38926 

122.6 

124.1 

U) 

(20) 

(3) 

101.0  213.8 

100.3 

100.80 

0.76940 

0.7692 

0.76944 

1 . 42297 

1.4230 

1.42310 

1 . 43239 

1.42486 

122.4 

U) 

(20) 

100.8 

0.7707 

1.4243 

.1.4343 

1.4256 

130 

125.6 

(10) 

(3) 

125 

(5) 

124.8 

(3) 

68.9 

0.6602 

1.3762 

1.3848 

1.3772 

130 

125.6 

(10) 

(3) 

159.9 

0 . 7240 

1.4092 

1.4185 

1.4104 

128 

122 

(10) 

(3) 

81.0 

0.7781 

1.4263 

1.4362 

1.4276 

127 

(10) 

•  ►.  . 

125.5 

(3) 

168.4 

0.7950 

1.4387 

1.4489 

1.4400 

128 

(10) 

192.4 

0.8895 

1.4765 

1.4876 

1.4779 

125 

(10) 

°  Refractive  index  for  mercury  e  line  at  5461  A. 
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Figure  1.  Specific  Dispersion  (g-D)  of  Naphtha  Fractions 


Table  IV.  Comparison  of  Properties  of  Purified  Aromatic  Compounds  with  Literature  Values 


Compound 

Boiling  Point, 
760  Mm. 

°  C.  °  F. 

Density 

dl° 

Refractive  Indexes 
n20  tj20  n20 

n  d  n  g  11  • 

Specific 
Disper¬ 
sion  g-D 

Refer¬ 

ence 

Benzene 

80.2 

80.102 

80.26 

176.4 

0.87900 

0.87896 

0.8807 

1.50108 

1.50123 

1.5014 

1.52291 

1 . 5237 

1.50518 

1.5049 

248.4 

253 

248.6 

(5) 

(.16) 

(.3) 

Toluene 

110.7 
110.68 

110.8 

231.3 

0.86688 

0.86697 

0.8677 

1.49682 

1.49685 

1.4966 

1.61775 

1.5180 

1.50077 

1.5000 

241.4 

247 

238 

(5) 

(.16) 

(.3) 

Ethylbenzene 

136.1 

136.15 

135.8 

277.0 

0.86713 

0.86690 

0.8682 

1.49577 

1.49587 

1.4955 

1.51555 

1.5155 

1.49953 

1.4987 

228.1 

230 

(.5) 

(.16) 

p-Xylene 

138.4 

138.40 

281.1 

0.86104 

0.86100 

1.49575 

1.49615 

1.51626 

1.49959 

238.2 

(.5) 

m-Xylene 

139.2 

139.30 

139.8 

282.6 

0.86410 

0.86410 

0.8661 

1.49712 

1.49741 

1.4975 

1.51761 

1.5184 

1.50094 

1.5009 

237.1 

241 

(.5) 

(.16) 

o-Xylene 

144.3 

144.05 

291.7 

0.8791 

0.88011 

1 . 50449 
1.50547 

1.52513 

1 . 50839 

234.8 

(5) 

Isopropylbenzene 

152.4 

152.53 

306.3 

0.86186 

0.8620 

1.49121 

1.4922 

1.50981 

1.49471 

215.8 

(.5) 

1 ,3,5-Trimethylben- 
zene 

164.0 

... 

0.8628 

1.4962 

1.5163 

1.4995 

233 

217 

(16) 

(3) 

3  Refractive  index  for  mercury  «  line  at  5461  A. 


at  the  Bartlesville,  Okla.,  Bureau  of  Mines  laboratory  indicates 
the  liquid  soluble,  solid  insoluble  impurity  to  be  0.01  =±=  0.003 
mole  %.  The  data  for  o-xylene  which  was  not  highly  purified  are 
included,  not  only  because  they  provide  the  only  value  for  g-D 
specific  dispersion  available,  but  also  because  the  error  in  this 
property  is  probably  very  small,  as  the  most  likely  impurities 
are  the  other  xylenes  which  have  very  similar  specific  dispersions. 

Methods  of  Purification.  The  methods  used  for  purifica¬ 
tion  may  be  grouped  under  four  headings:  adsorption,  crystalli¬ 
zation,  distillation,  and  chemical  reactions. 

Adsorption.  The  removal  of  aromatic  or  unsaturated  impuri¬ 
ties  from  saturated  compounds  is  readily  accomplished  by  filter¬ 
ing  the  material  through  silica  gel  (9). 

Crystallization.  Although  crystallization  is  one  of  the  best 
methods  for  purification,  it  was  used  in  only  two  instances 
(benzene  and  p-xylene),  because  the  other  compounds  require 
very  low  temperatures  for  crystallization  for  which  suitable 
equipment  was  not  available. 

Distillation.  Two  types  of  distillation  were  used  in  these  puri¬ 
fications:  distillation  at  atmospheric  pressure,  and  azeotropic 
distillation.  Columns  having  high  efficiencies  were  used  for  both. 
In  general,  the  distillation  at  atmospheric  pressure  served  only 
for  rough  separation,  and  was  followed  by  some  further  purifica¬ 
tion.  Azeotropic  distillation  of  close-boiling  fractions  extends 
their  boiling  range  allowing  separation  by  types  of  compounds 
with  paraffins,  naphthenes,  and  aromatics  distilling  in  that 
order.  In  purifying  aromatics  by  azeotropic  distillation  it  was 
necessary  only  to  distill  the  azeotropic  mixture  until  all  possible 
impurities  (other  than  aromatics)  were  removed.  A  discussion 


of  the  principles  of  azeotropic 
distillation  and  its  applications 
has  been  given  in  Bureau  of 
Standards  publications  (1,  10,  13, 
15,  18,  21)  and  some  examples  of 
azeotropes  used  in  various  cases 
are  given.  Among  the  azeo¬ 
tropes  suggested  were  ethanol 
for  benzene,  methyl  cyanide  for 
toluene,  and  acetic  acid  for  the 
group  of  aromatics  boiling  within 
the  range  130°  to  175°  C.  These 
were  used  for  the  purification 
work  described  in  this  section,  al¬ 
though  a  later  communication 
from  Rossini  {14)  suggests  more 
convenient  azeotropic  agents 
would  be  methanol  for  benzene, 
ethanol  for  toluene,  and  Cello- 
solve  or  methyl  Cellosolve  for 
the  eight-  and  nine-carbon-atom 
aromatics. 

Chemical  Reactions.  The  treat¬ 
ment  of  aromatics  with  sulfuric 
acid  is  one  method  commonly 
used  for  purification.  In  the 
treatment  of  benzene  and  toluene 
the  purpose  is  to  remove  the 
more  reactive  compounds  such  as 
unsaturates  and  sulfur-containing 
compounds  (thiophene),  and  the 
reaction  with  the  aromatics  is 
negligible.  However,  with  rn-xylene  the  purpose  is  to  form  m- 
xylenesulfonic  acid  and  then  to  hydrolyze  that  material,  ihe 
separation  of  the  xylenes  and  ethylbenzene  is  discussed  in  a  num¬ 
ber  of  publications  {8,  11,  18,  19).  Sulfonation  appears  to  be  the 
best  means  of  separation.  When  the  sulfonation  is  carried  out  at 
low  temperatures  (0 0  C.),  p-xylene  is  not  sulfonated.  The  sulfonic 
acid  of  m-xylene  is  hydrolyzed  at  temperatures  of  130  to  loo  L., 

while  those  of  ethylbenzene  and  o-xylene  require  higher  tempera¬ 
tures  (155°  to  160°  C.).  It  has  also  been  stated  that  m-xylene  is 
much  easier  to  sulfonate  than  other  Cs-aromatics. 

The  use  of  these  methods  is  summarized  in  Table  V . 

Methods  of  Determination  of  Properties.  Bailing  Points. 
The  boiling  points  of  the  compounds  were  determined  at  760 
mm.  of  mercury  pressure  in  a  Cottrell-type  boiling  point  appara¬ 
tus  equipped  with  a  pressure-regulating  device  with  which  the 
pressure  can  be  regulated  to  =*=1  mm.  of  mercury.  Temperatures 
were  measured  by  means  of  Anschutz  thermometers  (graduated 
to  0.2°  C.),  and  corrections  as  determined  by  the  Bureau  of 
Standards  were  applied.  _ 

Refractive  Indexes.  The  refractive  indexes  of  the  compounds 
were  determined  with  a  Bausch  &  Lomb  precision  refractometer, 
using  as  light  sources  a  sodium  arc  for  the  D  line  at  5893  A. 
and  a  mercury  arc  with  a  blue  filter  for  the  g  line  at  4358  A.,  and 
with  a  green  filter  for  the  e  line  at  5461  A.  The  temperature  varia¬ 
tions  are  thought  to  be  =*=0.03 0  C.  and  the  temperature  at  which 
the  determinations  were  made  is  probably  19.96°  C.  A  tempera¬ 
ture  correction  has  been  applied  to  all  refractive  indexes  to  cor¬ 
rect  them  to  20°  C.  The  averages  of  the  individual  determina¬ 
tions  axe  believed  to  be  accurate  to  =±=0.00003. 
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Table  V.  Purification  of  Compounds 


Properties  after 
Treatment 


Compound 

Purification  Method 

d2° 

~20 

71  D 

n-Heptane 

None 

0.6835 

1.38767 

Filtration  through  silica  gel 

0.6836 

1.38767 

Fractionation  in  60-plate  column 

0.6838 

1.38758 

Methylcyclohexane 

None 

0.7689 

1.42308 

Filtration  through  silica  gel 

0.7687 

1.42311 

Fractionation  in  60-plate  column 

0.7694 

1.42297 

Benzene 

None 

0 . 8767 

1.49996 

Treatment  with  sulfuric  acid 

0.8770 

1 . 50008 

Fractionation  in  60-plate  column 

0.8775 

1 . 50054 

Azeotropic  distillation  with  eth¬ 
anol  . 

0.8782 

1 . 50093 

Crystallization 

0.8790 

1.50108 

Toluene 

None 

0.8637 

1.49492 

Treatment  with  sulfuric  acid 

0 . 8646 

1.49502 

Fractionation  in  60-plate  column 

0 . 8654 

1.49602 

Azeotropic  distillation  with  meth- 
ylcvanide 

0.8665 

1.49684 

Fractionation  in  60-plate  column 

0.8669 

1.49682 

Ethylbenzene 

None 

0.8662 

1.49570 

Fractionation  in  60-plate  column 

0.8671 

1.49531 

Azeotropic  distillation  with  acetic 
acid 

Fractionation  in  60-plate  column 

0.8671 

1.49577 

o-Xylene 

None 

0.8779 

1 . 50372 

Treatment  with  sulfuric  acid 

1 . 50417 

V 

Azeotropic  distillation  with  acetic 
acid  and  redistillation 

0.8791 

1 . 50449 

m-Xylene 

None 

0.8634 

1.49674 

Sulfonation,  hydrolysis,  and  re- 
distillation 

0.8641 

1.49712 

p-Xylene 

None 

0.8599 

1.49545 

Fractionation  in  60-plate  column 

0.8610 

1.49569 

Crystallization 

0.8610 

1.49575 

Isopropylbenzene 

None 

0.8569 

1 . 48842 

Fractionation  in  60-plate  column 

0.8616 

1.49057 

Azeotropic  distillation  with  acetic 
acid 

> 

Fractionation  in  60-plate  column 

0.86i9 

1.49121 

Densities.  The  densities  of  the  compounds  were  determined 
with  pycnometers  of  the  type  described  by  Robertson  (12). 
These  pycnometers  were  of  slightly  more  than  23-ml.  capacity, 
and  were  calibrated  using  freshly  boiled  distilled  water.  Two  to 
six  determinations  were  made  on  each  compound  and  the  maxi¬ 
mum  deviation  from  the  average  was  0.00005.  The  bath  showed 
a  variation  of  ±0.03°  C.  from  the  average  temperature  of 
19.96°  C.,  and  volume  readings  on  the  pycnometer  were  taken 
over  this  temperature  range  to  obtain  maximum  and  minimum 
values.  The  average  of  these  readings  was  taken  as  the  volume 
corresponding  to  the  average  of  the  temperature  extremes.  The 
densities  were  checked  using  other  types  of  pycnometers.  The 
densities  at  the  averaged  temperature  were  corrected  to  20.00°  C 

CALCULATION  OF  g-D  SPECIFIC  DISPERSIONS 

Many  different  equations  have  been  suggested  for  the  calcula¬ 
tion  of  refractive  indexes  with  respect  to  other  wave  lengths, 
having  given  the  values  for  refractive  indexes  at  two  or  three 
wave  lengths. 

Perhaps  the  earliest  equation  is  that  of  Cauchy: 

,  B  .  C 

n  =  A  ^  X2 

where  n  is  the  refractive  index  for  light  of  wave  length  X,  and  A , 
B,  and  C  are  constants  for  each  compound.  This  equation  is  ofteD 
simplified  by  omitting  the  third  term: 

n  =  A  +  g  (5) 


Sellmeier’s  equation  may  be  written: 


n2  =  1  + 


A  X2 
X2  -  X2 


(6) 


PERCENT  (BY  WEIGHT)  AROMATICS 


PERCENT  (BY  WEIGHT)  AROMATICS 


Figure  2.  Determination  of  Correction  Curves  for  Aromatic  Contents  by  Specific  Dispersion 
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where  A  and  Xo  are  constant  for  each  compound.  A  still  more 
elaborate  equation  is  that  of  Hartmann: 

n  =  n,+  (7) 

where  rin,  c,  Xo,  and  a  are  constants  for  each  compound.  A  simpli¬ 
fied  form  of  this  equation  is: 

n  =  "«  +  x^  (8) 

where  c,  and  Xo  are  constants. 

Paraffins  and  Naphthenes.  Equation  5  is  the  most  con¬ 
venient  equation  to  use,  as  it  becomes  a  straight-line  function 
when  used  to  convert  one  dispersion  to  another — for  example: 

TLo  —  TID  =  124.89  ( Tip  —  Tic)  1 

The  results  of  the  use  of  several  of  the  equations  on  various 
sets  of  data  are  given  in  Table  VI.  From  these  values,  Equation 
9  appears  to  give  results  which  correlate  best  with  the  value  of 
122.4  which  was  the  average  value  found  for  paraffin  and  naph¬ 
thene  mixtures  from  petroleum  fractions.  It  will  be  noted  that 
this  value,  122.4,  converts  to  98.0  for  the  F-C  specific  dispersion. 
This  average  value  agrees  with  the  figures  suggested  for  the  ac¬ 
curate  analysis  of  gasoline  by  Grosse  and  Wackher. 


Table  VI.  Calculation  of  Specific  Dispersions  of  Paraffins  and 

Naphthenes 

Calculated  g-D  Specific  Dispersion 


Data 

Equa- 

Equa- 

Equa- 

Equa- 

Equa- 

Experimen- 

Compound 

Source 

tion  9 

tion  5 

tion  4 

tion  6 

tion  8 

tal  Value 

n-Heptane 

(SO) 

123.1 

123.7 

120.8 

125.8 

122.6 

122.6 

(6) 

122.6 

123.3 

122.7 

124.5 

124.3 

Methylcy- 

(SO) 

122.2 

122.9 

120.3 

124.9 

122.2 

122.4 

clohexane 

(6) 

121.7 

122.6 

118.6 

123.6 

120.3 

Calculated  F-C  Specific  Dispersion 

ri- Heptane 

This 

work 

98.1 

97.5 

98.3 

95.9 

98.7 

98.1  (6) 

Methylcy- 

This 

clohexane 

work 

98.0 

97.5 

99.2 

96.2 

98.6 

97 . 5  (6) 

An  equation  similar  to  9  was  tested  on  the  data  of  Wibaut  et  al. 
(20)  by  converting  F-C  dispersions^to  G'-D  dispersions.  The  G' 
line  is  the  hydrogen  fine  at  4340  A.  The  average  deviation  in 
calculating  G'-D  dispersion  of  twenty-four  paraffin  hydrocarbons 
was  0.4  dispersion  unit  and  for  six  naphthene  hydrocarbons  it 
was  0.5  dispersion  unit.  As  the  G'-D  dispersion  had  a  spread 
very  close  to  the  g-D  dispersion,  it  was  assumed  that  about  the 
same  errors  which  are  within  the  experimental  variation  would 
hold  for  the  latter. 

The  conversion  from  g-D  to  F-C  specific  dispersion  is  more  ac¬ 
curate  than  the  reverse  calculation,  inasmuch  as  it  involves  inter¬ 
polation  rather  than  extrapolation.  The  more  complicated  equa¬ 
tions  give  variable  results,  and  show  no  advantages  over  the 
Cauchy  equations  for  calculations  involving  naphthenes  and  par¬ 
affins.  No  results  are  given  for  the  Hartmann  equation,  because 
the  difficulty  of  solution  makes  it  impractical  for  use. 

Aromatics.  The  calculation  of  g-D  specific  dispersions  from 
F-C  values  is  less  satisfactory  and  more  difficult  for  the  aromatic 
hydrocarbons  than  for  the  paraffin  and  naphthene  compounds. 
The  simplified  Cauchy  equation  which  is  satisfactory  for  the 
latter  compounds  does  not  give  satisfactory  results  in  the  case  of 
the  aromatics  and  it  is  necessary  to  resort  to  the  more  compli¬ 
cated  equations. 

Tables  VII  and  VIII  show  the  results  obtained  by  the  use  of  the 
various  equations  in  converting  specific  dispersions  of  aromatics 
from  one  set  of  wrave  lengths  to  another.  Table  VII  shows 
Grosse  and  Wackher’s  data  converted  to  g-D  specific  dispersions 


while  Table  VIII  gives  conversions  of  Bureau  of  Mines  data  to 
F-C  specific  dispersions.  It  will  be  noted  that  the  two  sets  of 
data  approach  the  same  basis  as  the  more  complicated  equations 
are  used.  Of  the  five  equations,  the  best  agreement  is  reached 
by  the  use  of  the  simplified  Hartmann  equation  in  converting 
from  g-D  to  F-C  specific  disper^jon.  There  were  not  sufficient 
data  available  to  use  the  more  complicated  form  of  this  equa¬ 
tion.  Although  the  calculations  did  not  show  agreement  within 
experimental  error,  the  fault  seems  to  lie  with  the  equations,  for 
the  differences  between  the  experimental  results  obtained  for  the 
g-D  specific  dispersions  and  the  literature  values  of  F-C  specific 
dispersions  showT  consistent  changes  betwefen  hydrocarbons. 

CORRECTIONS  FOR  DETERMINATION  OF  AROMATICS 

As  stated  previously,  the  per  cent  aromatics  (by  weight)  does 
not  follow  exactly  a  straight-line  relationship  with  specific  dis¬ 
persion.  This  deviation  is  corrected  for  by  a  term,  C,  in  the 
equation: 

IF  =  ^  Z  jail  X  100  +  C  GO) 

This  correction,  C,  was  evaluated  by  preparing  solutions  con¬ 
taining  known  amounts  of  an  aromatic  compound  in  an  aromatic- 
free  base.  The  aromatic-free  base  was  in  most  cases  the  appro¬ 
priate  boiling  range  fraction  from  the  dearomatized  Lance  Creek 
naphtha  described  above.  The  results  of  specific  dispersion  de¬ 
terminations  on  the  blends  are  shown  in  Figure  2.  There  are 
considerable  variations  in  the  points  shown  because  the  magni¬ 
tude  of  the  correction  is  only  slightly  greater  than  the  accuracy 
of  the  determination.  However,  sufficient  points  were  obtained 
for  most  aromatics  to  determine  the  general  shape  of  the  curve 
and  the  magnitude  of  the  correction. 

As  the  correction  curves  are  to  equal  zero  at  0  and  100%  aro¬ 
matics,  an  equation  of  the  following  form  is  indicated : 

C  =  k(W  -  0.01IF2) 

where  C  is  the  correction,  IF  is  the  apparent  weight  per  cent 
aromatics,  and  k  is  a  constant.  Evaluation  of  k  by  the  method  of 
least  squares  gives  the  following  values  for  each  aromatic :  ben¬ 
zene,  0.0833;  toluene,  0.0404;  ethylbenzene,  0.0391;  o-xylene, 
0.0489;  m-xylene,  0.0448;  p-xylene,  0.0266;  and  isopropyl¬ 
benzene,  0.0274.  Similar  constants  from  Grosse’s  data  (6)  using 
the  F  and  C  lines  are:  benzene,  0.0744;  toluene,  0.0504;  and 
xylenes,  0.0188.  The  curves  as  developed  in  Figure  2,  are  com¬ 
bined  in  Figure  3  to  simplify  their  use.  Based  on  the  determina- 


Table  VII.  Calculation  of  g-D  Specific  Dispersions  of  Aromatic 
Hydrocarbons  from  Grosse  Data 

Calculated  g-D  Specific  Dispersion  Bureau  of 


Compound 

Benzene 

Toluene 

Ethylbenzene 

o-Xylene 

m-Xylene 

p-Xylene 

Isopropylbenzene 

Equa¬ 
tion  9 

237.5 

230.9 

218.2 

224.4 

226.4 
227.3 

Equa¬ 
tion  5 

238.9 

232.2 

219.6 

225.8 

227.8 

228.6 

Equa¬ 
tion  4 

254.8 

237.3 

234.8 
235.6 

246.4 
247.2 

Equa¬ 

tion  6 

246.0 

236.1 
225.4 

231.9 

234.1 

234.9 

Equa¬ 

tion  8 

260.3 

241.3 

240.6 
240.2 

252.7 
253.6 

Mines 

Value 

248.4 

241.4 
228.1 

234.8 

237.1 

238.2 

215.8 

Table  VIII. 

Calc 

ulation 

of  F-C  Specific  Dispersions  of 

Aromatic 

Hydrocarbons  from  Bureau  of  Mines  Data 

Calculated  F-C  Specific  Dispersion 

Litera- 

Equa- 

Equa- 

Equa- 

Equa- 

Equa- 

ture 

Compound 

tion  9 

tion  5 

tion  4 

tion  6 

tion  8 

Value  (6) 

198.9 

197.7 

188.6 

188.3 

189.3 

190.2 

Toluene 

193.3 

192.2 

184.3 

186.9 

184.6 

184.9 

Ethylbenzene 

182.6 

181.5 

175.1 

176.0 

175.5 

174.7 

o-Xylene 

188.0 

186.9 

179.2 

181.9 

179.8 

179.7 

189.8 

188.8 

178.9 

183.5 

179.5 

181.3 

o-Xvlene 

190.7 

189.5 

180.5 

184.4 

181  . 1 

182.0 

Isopropylbenzene 

172.8 

171.8 

164.5 

167.5 

164.6 

486 
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tions  shown  in  Figure  2,  the  probable  error  of  the  correction  is 
±0.2%  aromatics. 

ACCURACY  OF  DETERMINATION  OF  AROMATICS 

The  fundamental  factor  involved  in  determining  the  accuracy 
of  aromatic  determination  by  this  method  is  the  accuracy  with 
which  the  refractive  index  may  be  determined.  With  the  pre¬ 
cision  refractometer  (Bausch  &  Lomb),  the  procedure  for  reading 
involves  estimation  of  half  units  on  a  vernier  or  one  twentieth  of 
a  scale  division.  This  is  equivalent  over  most  of  the  range  to 
0.00003  refractive  index  unit.  However,  in  actual  practice,  at¬ 
tainment  of  this  accuracy  is  difficult  and  requires  great  care. 
Experience  has  indicated  that  the  precision  is  generally  ±0.00003. 


PERCENT  (BY  WEIGHT)  AROMATICS 

Figure  3.  Correction  of  Aromatic  Contents  as  Determined  by 
Specific  Dispersion  Method 

The  attainment  of  this  precision  requires  close  attention  to  di¬ 
rections  provided  with  the  instrument.  In  particular,  close  tem¬ 
perature  control  is  necessary,  as  the  refractive  indexes  of  hydro¬ 
carbons  in  the  gasoline  range  change  about  0.00005  for  each 
0.1°  C.  change  in  temperature.  It  has  also  been  found  necessary 
in  attaining  temperature  equilibrium  to  allow  an  appreciable 
time  after  introduction  of  a  sample  before  taking  a  reading.  As 
pointed  out  in  the  instruction  manual,  it  is  necessary  to  have  the 
space  between  the  prisms  full  of  liquid  before  taking  a  reading. 
With  low-boiling  fractions,  sufficient  evaporation  may  occur  from 
the  prisms  to  give  a  false  result.  Care  should  be  taken  to  check 
the  refractometer  with  accurately  calibrated  liquids  of  similar 
characteristics,  or  with  the  test  piece  if  these  are  not  available, 
before  and  after  each  series  of  observations,  as  variations  may 
occur  for  no  perceptible  reason. 

If  the  probable  error  of  the  refractive  index  determination  is 
taken  as  0.00003,  and  the  error  in  determination  of  density  is  as¬ 
sumed  negligible,  the  probable  error  of  the  specific  dispersion, 
when  the  density  is  0.7500,  is  found  to  be 

/0.000032  +  0.000032  v  ...  n  . 

V - 0/7500 -  X  10^  =  0.6 

by  the  usual  methods  for  determination  of  propagation  of  error 
(£).  Applying  the  same  methods  to  Equation  4, 

17  -  ifei  x  ioo  +  c 
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the  probable  error  of  the  aromatic  content  becomes  0.7  under  the 
following  assumptions: 

Probable  error  of  S,  =0.6 

Probable  error  of  Sa  =0.6 

Probable  error  in  value  122.4  =  0.3 

Probable  error  in  C  =0.2 

Fraction  term  of  equation  =  0.50  (50%  aromatics) 

Denominator  of  fraction  =  119.0  (for  toluene) 

The  value  122.4  ±  0.3  is  given  the  lower  probable  error  by 
analysis  of  the  results  presented  in  Figure  1.  The  sum  of  the 
squares  of  the  deviations  for  160  fractions  was  30.39.  The  prob¬ 
able  error  then  was 

0  6745  a/w  - 0  28 

This  value  is  the  probable  error  of  one  determination  rather 
than  of  the  mean,  inasmuch  as  the  value,  122.4,  is  probably  con¬ 
stant  only  within  the  limits  of  the  experimental  determination. 
Thus,  evaluation  of  the  various  factors  involved  in  the  determina¬ 
tion  by  the  specific  dispersion  method  of  a  single  aromatic  in  a 
single  naphtha  fraction  shows  the  probable  error  to  be  from  0.6 
to  1.0,  depending  upon  the  quantity  of  aromatics,  and  upon  the 
aromatic  compound. 

When  the  content  of  an  aromatic  in  a  gasoline  or  naphtha  is 
determined  by  analyzing  the  boiling-range  fraction  containing 
that  aromatic  which  is  usually  20%  or  less  of  the  original  naphtha, 
the  reported  result  on  the  naphtha  will  have  a  probable  error  of 
not  more  than  ±0.2%.  Experimental  results  of  analyses  of  a 
number  of  synthetic  naphthas  (dearomatized  Lance  Creek 
naphtha  plus  known  amounts  of  purified  aromatics) ,  all  differed 
less  than  ±0.2%  from  the  true  aromatic  content. 
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Colorimetric  Determination  of  Silicon  Tetrafluoride  in 

Hydrocarbons 

GEORGE  N.  CADE 

Research  Department,  Phillips  Petroleum  Company,  Bartlesville,  Okla. 


A  method  that  is  free  from  interference  by  small  amounts  of  hydro¬ 
fluoric  acid  has  been  developed  for  the  determination  of  0.0005  to 
0.015%  of  silicon  tetrafluoride  in  hydrocarbons.  Any  hydro¬ 
fluoric  acid  is  preliminarily  converted  to  fluoboric  acid  to  prevent 
attack  on  glass.  The  silicon  tetrafluoride  is  converted  to  silicomolyb- 
dic  acid,  which  is  determined  colorimetrically.  Up  to  2.5  mg.  of 
silicon  tetrafluoride  is  determined  with  a  precision  of  =*0.05  mg. 
in  a  Fisher  Electrophotometer  or  with  a  precision  of  ±0.1  mg.  in 
Nessler  tubes. 


THE  following  method  was  developed  to  meet  the  need  for 
determining  0.0005  to  0.015%  of  silicon  tetrafluoride  in  hydro¬ 
carbons,  such  as  those  obtained  in  hydrofluoric  acid  alkylation 
plants  in  which  organic  fluorine  is  removed  with  silica-contain¬ 
ing  bauxite.  The  silicon  tetrafluoride  is  absorbed  in  sodium 
bicarbonate  solution  and  converted  to  silicate  by  heating  at 
100°  C.  (7).  The  silicate,  after  neutralization  of  the  bicarbon¬ 
ate  solution  and  conversion  of  fluoride  to  fluoborate  (1,  6),  is 
converted  to  silicomolybdic  acid,  which  is  determined  colori¬ 
metrically  (3,  4,  5,  7,  8). 

APPARATUS  AND  REAGENTS 

A  photoelectric  colorimeter,  suitably  a  Fisher  A.C.  Electro¬ 
photometer  with  425-myu  blue  filter  (4,  6,  8),  23-ml.  cylindrical 
cells,  and  instructions  for  operation.  Cells  put  together  with 
optical  cement  should  not  be  used.  When  a  photoelectric  color¬ 
imeter  is  not  available,  a  set  of  50-ml.  Nessler  tubes  may  be  used. 

Sample  bomb,  100-mi.,  preferably  of  silver,  Monel,  or  stainless 
steel,  with  Hoke  needle  valve  and  adapter  for  0.6-cm.  (0.25-inch) 
copper  tubing.  The  interior  of  the  bomb  must  be  as  free  as 
possible  from  moisture  and  metal  oxides. 

Absorbers.  Two  50-ml.  test  tubes,  each  fitted  with  a  rubber 
stopper  through  which  pass  a  Saran  outlet  tube  and  a  Saran  inlet 
tube,  which  extends  nearly  to  the  bottom  of  the  test  tube. 

Sodium  bicarbonate  solution,  10  grams  per  liter. 

Sulfuric  acid,  1.0  N. 

Boric  acid,  saturated  solution  ( 1 ,  6). 

Ammonium  molybdate  solution.  Dissolve  30  grams  of  c.p. 
ammonium  molybdate  tetrahydrate  in  400  ml.  of  water  and  add 
200  ml.  of  1  to  1  hydrochloric  acid  (8). 

Potassium  chromate  solution,  0.63  gram  per  liter  (8). 

Sodium  tetraborate  decahydrate  buffer  solution,  1%  (8). 

PROCEDURE  FOR  ELECTROPHOTOMETER 

Determination  of  Calibration  Curve.  Prepare  five  stand¬ 
ard  solutions  by  mixing  for  each  a  known  volume  (0  to  25  ml.)  of 
the  potassium  chromate  solution,  25  ml.  of  the  buffer  solution, 
and  enough  water  to  make  the  total  volume  exactly  55  ml.  (8). 
Determine  for  each  the  Scale  A  reading  of  the  electrophotometer 
in  accordance  with  the  directions  supplied  by  the  manufacturer. 
Make  a  calibration  curve  by  plotting  Scale  A  readings  against 
milligrams  of  silicon  tetrafluoride  on  the  basis  of  each  milliliter 
of  potassium  chromate  solution  being  equivalent  to  0.173  mg.  of 
silicon  tetrafluoride. 

Treatment  of  Sample.  When  the  hydrocarbon  is  normally 
liquid,  extract  an  approximately  50-gram  sample,  whose  weight 
is  known  to  0.1  gram,  with  two  20-ml.  portions  of  the  sodium  bi¬ 
carbonate  solution  in  a  separatory  funnel;  run  the  aqueous  ex¬ 
tracts  into  a  100-ml.  volumetric  flask.  When  a  normally  gaseous 
hydrocarbon  is  present,  draw  a  sample  of  30  to  45  grams  in  the 
liquid  phase  into  the  sample  bomb,  previously  evacuated  and 
tared;  weigh  to  the  nearest  0.1  gram.  Pi  pet  20  ml.  of  the  so¬ 
dium  bicarbonate  solution  into  the  first  absorber  and  20  ml.  of 
water  into  the  second.  Dry  the  inlet  tube  of  the  first  absorber 
and  connect  the  absorbers  in  series.  Clamp  the  bomb  valve 
upward  and  connect  it  with  the  inlet  tube  of  the  first  absorber. 
Open  the  valve  and  allow  the  lower-boiling  components  of  the 


sample  to  vaporize  and  bubble  through  the  liquid  in  the  ab¬ 
sorbers  at  the  rate  of  1  to  5  bubbles  per  second.  Pass  the  effluent 
vapor  to  a  hood.  When  evolution  of  vapor  has  almost  ceased, 
heat  the  sample  bomb  to  about  60°  C.  by  immersion  in  hot 
water.  When  evolution  of  vapor  has  again  ceased,  close  the 
valve.  Transfer  the  contents  of  the  absorbers  to  a  100-ml.  volu¬ 
metric  flask.  If  any  silica  is  deposited  in  the  end  of  the  inlet 
tube  of  the  first  absorber,  scrape  it  out  with  a  small  piece  of  Saran 
or  hard  rubber  and  wash  it  into  the  volumetric  flask.  Remove 
the  valve  from  the  bomb,  rinse  the  interior  of  the  bomb  with  20 
ml.  of  the  sodium  bicarbonate  solution,  and  add  the  solution  to 
the  volumetric  flask.  If  liquid  hydrocarbon  remains  in  the  bomb, 
transfer  it,  together  with  the  sodium  bicarbonate  rinse  solution, 
to  a  separatory  funnel,  shake  vigorously,  and  transfer  the  aqueous 
phase  to  the  volumetric  flask. 

Dilute  the  contents  of  the  volumetric  flask  to  the  mark  and 
mix.  Pipet  a  50-ml.  aliquot  into  a  100-ml.  platinum  dish,  cover 
with  a  watch  glass,  and  heat  for  1  hour  at  100°  C.  on  a  steam 
bath.  Add  2.4  ml.  of  1.0  N  sulfuric  acid,  cool  to  room  tempera¬ 
ture,  and  add  10  ml.  of  the  boric  acid  solution.  Filter  if  turbidity 
is  noticeable.  Transfer  to  a  50-ml.  volumetric  flask  calibrated 
to  deliver,  dilute  to  the  mark  designated  “delivers”,  and  mix. 
Transfer  to  a  125-ml.  glass-stoppered  Erlenmeyer  flask,  add  5  ml. 
of  the  ammonium  molybdate  solution,  mix,  and  allow  to  stand 
for  at  least  10  minutes.  Obtain  the  Scale  A  reading  on  the  elec¬ 
trophotometer,  and  read  on  the  calibration  curve  the  weight  of 
silicon  tetrafluoride  present. 

Calculate  as  follows: 


in  which  B  =  silicon  tetrafluoride  content,  % 

C  =  silicon  tetrafluoride  found,  mg. 

D  =  weight  of  sample,  grams 

PROCEDURE  FOR  NESSLER  TUBES 

Preparation  of  Standards  ( 8 ).  Pipet  known  volumes  of  the 
potassium  chromate  solution,  ranging  from  0  to  15  ml.,  into  50- 
ml.  Nessler  tubes,  add  25  ml.  of  the  buffer  solution,  dilute  to  the 
50-ml.  marks,  add  5  ml.  of  water,  and  mix.  One  milliliter  of  the 
potassium  chromate  solution  so  treated  corresponds  to  0.17  mg. 
of  silicon  tetrafluoride. 

Treatment  of  Sample.  Proceed  as  described  in  the  proce¬ 
dure  for  the  Electrophotometer  until  the  boric  acid  has  been 
added.  Filter  if  necessary,  transfer  the  solution  to  a  50-ml. 
Nessler  tube,  and  dilute  to  the  mark.  Add  5  ml.  of  the  ammo¬ 
nium  molybdate  solution,  mix,  and  allow  to  stand  for  10  minutes. 
Determine  the  amount  of  silicon  tetrafluoride  present  by  com¬ 
paring  with  the  standards. 

Calculate  as  described  above. 


Table  I.  Determination  of  Known  Quantities  of  Silicon  Tetrafluoride 


SiF, 

NaF 

Electrophotometer 

SiFi 

Nessler  Tubes 

SiF» 

Present 

Present 

found 

Difference 

found 

Difference 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

2.28 

0 

2.17 

-0.11 

2.4 

+  0.1 

2.28 

10 

2.24 

-0.04 

2.4 

+  0.1 

2.28 

25 

2.26 

-0.02 

2.5 

+0.2 

2.28 

25 

2.26 

-0.02 

2.3 

0.0 

1.65 

0 

1.65 

0.00 

1.7 

+0.1 

1.65 

5 

1.62 

-0.03 

1.7 

+0.1 

1.65 

10 

1.60 

-0.05 

1.7 

+0.1 

1.65 

25 

1.-70 

+0.05 

1.7 

+  0.1 

1.65 

25 

1.72 

+  0.07 

1.7 

+  0.1 

1.65 

50 

1.60 

-0.05 

1.7 

+  0.1 

0.66 

0 

0.77 

+0.11 

0.68 

+0.02 

0.66 

25 

0.68 

+  0.02 

0.68 

+  0.02 

0.66 

50 

0.72 

+0.06 

0.68 

+  0.02 

2.48 

0 

2.42 

-0.06 

2.2 

-0.3 

0.74 

0 

0.75 

+  0.01 

0.76 

+  0.02 

0.50 

0 

0.49 

-0.01 

0.60 

+  0.10 

1.24 

0 

1.32 

+0.08 

1.4 

+0.2 

0.25 

0 

0.27 

+  0.02 

0.34 

+  0.09 
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Table  II.  Determination  of  Silicon  Tetrafluoride  in  Synthetic  Hydro¬ 
carbon  Samples 


S1F4 

Electrophotometer 

Nessler  Tubes 

Hydrocarbon 

Added 

SiF<  found 

Difference 

S1F4  found 

Difference 

% 

% 

% 

% 

% 

Alkylation 

0.0026a 

0.0021 

-0.0005 

0 . 0024 

-0.0002 

effluent 

0.0066 

0.0062 

-  0 . 0004 

0 . 0065 

-0.0001 

C.P. 

0.0018 

0.0021 

+  0.0003 

0.0020 

+  0.0002 

isobutane 

0.0144 

0.0150 

+0.0006 

0.013 

-0.001 

0.0054 

0 . 0052 

-0.0002 

0.0050 

-0.0004 

0 . 0007 

0.0006 

-0.0001 

0.0006 

-0.0001 

c.p.  propane 

0.0021 

0.0021 

0.0000 

0.0018 

-0.0003 

°  Determined  gravimetrically. 

PRECISION  AND  ACCURACy 

Silicon  tetrafluoride  was  prepared  by  the  action  of  concentrated 
sulfuric  acid  on  a  mixture  of  sodium  fluosilicate  and  ground  glass. 
Standard  mixtures  with  dry  gaseous  c.p.  isobutane  were  prepared 
and  were  stored  over  mercury  in  a  gas  buret,  and  the  silicon  tetra¬ 
fluoride  contents  were  determined  acidimetrically  {2).  Known 
volumes  of  the  standard  mixtures  were  contacted  with  sodium 
bicarbonate  solution,  and  the  silicon  tetrafluoride  was  deter¬ 
mined  colorimetrically.  In  some  of  the  determinations,  known 
amounts  of  sodium  fluoride  were  added  to  determine  the  effect  of 
fluoride.  As  much  as  50  mg.  of  sodium  fluoride  (equivalent,  to 
24  mg.  of  hydrofluoride  acid)  did  not  interfere.  The  data,  which 
are  given  in  Table  I,  indicate  a  precision  of  ±0.1  mg.  for  results 
obtained  with  Nessler  tubes  and  a  precision  of  ±0.05  mg.  for  re¬ 
sults  obtained  with  the  Electrophotometer. 


Synthetic  samples  similar  in  composition  to  samples  obtained 
from  a  hydrofluoric  acid  alkylation  unit  were  prepared  by  mix¬ 
ing  known  volumes  of  standard  isobutane-silicon  tetrafluoride 
mixtures  with  known  weights  of  c.p.  hydrocarbons  in  metal 
sample  bombs.  The  results  of  colorimetric  determinations  of 
the  silicon  tetrafluoride  contents  of  these  samples  are  shown  in 
Table  II. 

Experiments  showed  that  rinsing  the  interior  of  the  sample 
bomb  with  sodium  bicarbonate  solution,  after  vaporization  of 
volatile  materials,  is  necessary  for  complete  recovery  of  silicon 
tetrafluoride. 

Although  the  reagents  for  the  present  method  are  available  sub¬ 
stantially  free  from  silica,  blank  determinations  should  be  made. 
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Rapid  Determination  of  Alumina  in  Titanium  Pigments 

IRVIN  BAKER  and  GEORGE  MARTIN 
Chemical  Laboratory,  Norfolk  Navy  Yard,  Portsmouth,  Va. 


The  determination  of  alumina  in  titanium  pigments  by  alkali  fusion 
and  subsequent  precipitation  and  titration  of  the  aluminum  as  the 
quinolate  reduces  the  time  required  from  3  or  4  days  by  the  car¬ 
bonate  fusion  to  1 .5  hours.  Greater  accuracy  is  obtained  and  no 
special  apparatus  is  required.  The  method  provides  an  excellent 
rapid  routine  procedure  of  analysis. 

IN  THE  manufacture  of  chalk-resistant  titanium  dioxide  pig¬ 
ments,  approximately  1%  of  alumina  and  1%  of  antimony 
oxide  are  added.  Small  quantities  of  alkaline  or  alkaline  earth 
salts  and  silica  may  be  present  as  impurities. 

Numerous  procedures  for  the  separation  of  titanium  and 
aluminum  have  been  devised  (I,  3,  4,  6,  7,  8).  However,  these 
methods  deal  chiefly  with  the  separation  of  small  amounts  of 
titanium,  whereas  most  titanium  pigments  used  in  paints  are 
composed  of  approximately  98%  titanium  dioxide.  Since  the 
pigment  is  heat-treated,  the  aluminum  oxide  is  not  readily  sol¬ 
uble  and  cannot  be  extracted  in  weak  acid  solution.  Solution 
of  the  pigment  in  ammonium  sulfate-sulfuric  acid  mixture 
followed  by  precipitation  of  the  titanium  results  in  considerable 
error  due  to  the  gelatinous  nature  of  the  titanate  precipitate. 

The  Navy  Department  specification  ( 2 )  gives  a  method  for 
the  determination  of  alumina  which  has  been  found  unsatis¬ 
factory  as  a  routine  procedure  of  analysis. 

Approximately  3  to  4  days  are  needed  for  an  analysis.  The 
method  requires  a  preliminary  separation  of  titanium  dioxide  by 
a  sodium  carbonate  fusion  followed  by  leaching  of  the  aluminum 
oxide  in  water.  This  procedure  tends  to  give  low  results,  since, 
according  to  Weiss  and  Kaiser  (3),  the  extraction  of  aluminum 
from  a  sodium  carbonate  fusion  of  titanium  dioxide  followed  by 
24-hour  leaching  will  not  remove  all  the  aluminum  and  a  second 
24-hour  leach  on  the  residue  is  required.  After  leaching,  the 
precipitate  is  filtered  and  must  be  washed  many  times,  because  of 


the  difficulty  of  extracting  the  small  quantity  of  aluminum  from 
the  large  titanium  precipitate.  Following  the  filtration,  the 
silica  is  removed  by  a  24-hour  dehydration  from  a  hydrochloric 
acid  solution.  This  is  a  lengthy  procedure,  requiring  one  or 
possibly  two  24-hour  dehydration  periods  to  remove  the  silica 
completely.  After  removal  of  the  silica,  the  aluminum  is  pre¬ 
cipitated  in  ammoniacal  solution,  dissolved  in  hydrochloric  acid, 
and  finally  precipitated  as  the  quinolate.  Before  final  weighing, 
the  precipitate  must  be  dried  for  1  hour  at  155°  C.  or  overnight 
at  110°  C. 

The  excessive  time  required  in  the  sodium  carbonate  fusion 
method  is  evidently  due  to  the  time  consumed  in  the  complete 
extraction  of  all  the  aluminum  from  the  sodium  carbonate  fusion 
and  for  the  precipitation  of  silica.  The  former  can  be  reduced 
from  2  days  to  approximately  20  minutes  by  replacing  the  car¬ 
bonate  fusion  with  fused  alkali  as  recommended  by  Koenig  (5). 
The  extreme  solubility  of  the  aluminum  in  the  alkali  solution 
results  in  rapid  extraction.  The  need  for  separation  of  the  silica 
can  be  eliminated  by  dissolving  the  aluminum  quinolate  precipi¬ 
tate  and  titrating  rather  than  by  weighing  the  quinolate  precipi¬ 
tate.  Since  silica  does  not  form  a  complex  with  8-hydroxy- 
quinoline  under  the  conditions  of  the  experiment,  its  separation 
is  unnecessary.  Because  the  quantity  of  silica  is  small,  no  diffi¬ 
cult  filtration  problem  is  caused  by  the  gelatinous  nature  of  the 
silica  precipitate. 

REAGENTS 

Sodium  Hydroxide.  A  c.p.  aluminum-free  sodium  hydrox¬ 
ide  is  required. 

8-Hydroxyquinoline  Solution.  Make  a  paste  of  2.5  grams 
of  8-hydroxyquinoline  with  5  ml.  of  glacial  acetic  acid,  stir  until 
dissolved,  and  add  95  ml.  of  water. 

Potassium  Bromide,  20%.  Dissolve  20  grams  of  c.p.  po¬ 
tassium  bromide  in  water  and  dilute  to  100  ml. 

Potassium  Iodide,  20%.  Dissolve  20  grams  of  c.p.  potassium 
iodide  in  water  and  dilute  to  100  ml.  with  water. 
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Stabch  Solution.  Triturate  2  grams  of  soluble  starch  and 
10  mg.  of  mercuric  iodide  with  a  little  water  and  add  the  sus¬ 
pension  slowly  to  1  liter  of  boiling  water.  Continue  boiling  until 
the  solution  is  clear,  cool,  and  transfer  to  a  glass-stoppered  bottle. 

Potassium  Bromate  Solution,  0.1  N.  Dissolve  2.783  grams 
of  c.p.  potassium  bromate  previously  dried  at  150°  C.,  and  dilute 
to  1  liter.  Standardize  by  any  satisfactory  analytical  procedure. 

Sodium  Thiosulfate  Solution,  0.1  N.  Dissolve  25  grams  of 
sodium  thiosulfate  pentahydrate  in  1  liter  of  freshly  boiled, 
cooled  water  and  add  0.1  gram  of  sodium  carbonate  to  the  solu¬ 
tion.  Allow  to  stand  for  a  day  and  standardize  with  0.1  N 
potassium  bromate  solution.  Standardize  solution  frequently. 


PROCEDURE 

Weigh  accurately  a  sample  containing  10  to  20  mg.  of  alumina, 
add  approximately  10  times  the  sample  weight  of  c.p.  sodium 
hydroxide  in  a  100-ml.  capacity  pure  nickel  crucible,  and  heat, 
gently  at  first  to  avoid  spattering.  Fuse  at  dull  redness  5  to  10 
minutes.  Cool  and  place  crucible  in  a  400-ml.  beaker  contain¬ 
ing  200  ml.  of  cold  water.  Heat  slowly  to  boiling  and  boil  gently 
for  10  minutes  to  extract  the  aluminum.  Remove  the  crucible, 
allow  precipitates  to  settle,  and  decant  through  filter  paper. 
Boil  the  residue  in  the  beaker  with  50  ml.  of  5%  sodium  hy¬ 
droxide  solution  for  several  minutes  and  transfer  the  precipitate 
to  the  filter  paper.  Wash  thoroughly  with  50  ml.  of  hot  5% 
sodium  hydroxide.  Make  the  filtrate  acid  with  concentrated 
hydrochloric  acid  (sp.  gr.  1.19),  add  5  grams  of  ammonium  chlo¬ 
ride  per  100  ml.  of  solution,  and  bring  to  boiling.  Neutralize 
the  solution  with  ammonium  hydroxide  until  it  is  distinctly  yellow 
to  methyl  red  indicator.  Boil  2  to  3  minutes.  Allow  the  precipi¬ 
tate  to  settle,  filter,  and  wash  with  hot  5%  ammonium  chloride 
solution.  Dissolve  the  precipitate  with  150  ml.  of  hot  4  N  hy¬ 
drochloric  acid  into  a  400-ml.  beaker  and  wash  the  filter  paper 
thoroughly  with  hot  0.5  N  hydrochloric  acid  solution.  Neutralize 
the  filtrate  with  ammonium  hydroxide  to  distinct  yellow  with 
methyl  red  and  then  make  slightly  acid  with  hydrochloric  acid. 
Add  with  vigorous  stirring  in  the  following  order:  15  ml.  of  a 
3%  hydrogen  peroxide  solution  and  10  ml.  of  a  2.5%  8-hydroxy- 
quinoline  reagent,  and  neutralize  with  ammonium  hydroxide. 
Add  5  ml.  of  ammonium  hydroxide  (sp.  gr.  0.90)  in  excess  for 
every  100  ml.  of  solution.  Heat  to  70°  C.  and  stir  at  this  tem¬ 
perature  15  minutes.  Remove  from  heat,  allow  to  settle  and  cool. 
Filter  and  wash  thoroughly  with  dilute  ammonium  hydroxide 
solution  to  remove  excess  oxine.  Dissolve  the  precipitate  with 
75  ml.  of  hot  4  N  hydrochloric  acid,  receiving  the  filtrate  in  the 
same  beaker  in  which  the  quinolate  was  precipitated,  and  wash 
the  filter  paper  thoroughly  with  hot  0.5  N  hydrochloric  acid  solu¬ 
tion  until  the  washings  are  colorless.  Add  to  the  filtrate  5  ml.  of 
20%  potassium  bromide  solution  and  several  drops  of  a  0.1% 
solution  of  the  sodium  salt  of  methyl  red.  Titrate  slowly  with 
0.1  N  potassium  bromate  solution,  swirling  constantly  until  the 
color  changes  from  red  to  orange  or  orange-yellow,  and  add  1  ml. 
in  excess.  Allow  the  solution  to  stand  several  minutes.  Add  5 
ml.  of  a  20%  potassium  iodide  solution  and  3  ml.  of  starch  solu¬ 
tion  and  titrate  with  0.1  N  sodium  thiosulfate  solution  to  the 
disappearance  of  the  blue  color.  Calculate  to  A1203: 


( N  KBr03  X  ml.  of  KBr03  —  N  Na2S203  X  ml.  of  Na2S203)  X 
0.00425  X  100 


grams  of  sample 


%  A120j 


All  filtrations  are  made  with  No.  589  S.  &  S.  Blue  Ribbon  paper 
or  equal,  using  platinum  cone  and  suction. 

Iron  crucibles  are  unsatisfactory,  since  iron  will  be  carried  into 
the  filtrate  during  the  fusion.  Iron  is  not  separated  in  the  pro¬ 
cedure,  but  its  concentration,  if  present,  will  be  small  and  can  be 
determined  colorimetrically  and  subtracted  from  the  alumina 
found. 


DISCUSSION 

Antimony  present  in  the  sample  and  any  nickel  from  the  fusion 
in  the  nickel  crucible  do  not  interfere  with  the  determination, 
since  they  are  not  precipitated  by  8-hydroxyquinoline  in  an 
ammoniacal  solution.  Iron  interferes,  but  it  is  absent  or  present 
in  negligible  quantities  in  titanium  pigments;  its  presence  is  not 
permissible  because  of  its  deleterious  effect  on  the  color  of  the 
pigment.  Any  small  amount  of  iron  can  be  determined  colori¬ 
metrically  on  a  fresh  sample  and  deducted  from  the  aluminum. 
Titanium  remaining  in  the  sodium  hydroxide  solution  after  fusion 
will  not  be  precipitated  with  the  aluminum  quinolate  because  of 
the  addition  of  hydrogen  peroxide.  Alkaline  earth  salts  are 


Table  I.  Determination  of  Alumina 


Sample0 

AI2O3  Present 

2\I2V 

Alkali  fusion 
method 

J 3  ouuu 

Carbonate  fusion 
method 

% 

% 

% 

1 

1.33 

1.32 

1.26 

2 

1.35 

1.34 

1.30 

3 

1.10 

1.14 

1.04 

4 

1.03 

1.06 

0.93 

5 

0.87 

0.89 

0.84 

6 

0.72 

0.75 

0.64 

7 

1.07 

1.06 

1.01 

°  Samples  contained  approximately  98%  TiCU  and  1%  Sb203. 


Table  II.  Determination  of  Alumina  in  Titanium- Pigments 


AI2O3  Found 


Alkali  fusion 

Carbonate  fusion 

Sample  No. 

method 

method 

% 

% 

131716 

0.95 

0.90 

0.93 

0.84 

0.94 

0.87 

131727 

1.04 

0.95 

1.06 

0.87 

1.07 

1.01 

132628 

1.03 

0.94 

1.00 

0.99 

1.01 

1.01 

132736 

0.89 

0.88 

0.90 

0.82 

0.93 

0.84 

136241 

0.87 

0.84 

0.90 

0.77 

0.87 

0.75 

separated  from  the  aluminum  by  precipitation  of  the  aluminum 
in  ammoniacal  solution,  the  alkaline  earth  salts  remaining  in 
solution. 

Table  I  lists  the  results  of  the  determination  of  aluminum  in 
synthetic  mixtures  of  c.p.  titanium  dioxide,  antimony  oxide,  and 
aluminum  oxide.  A  maximum  deviation  of  0.04%  was  obtained 
for  the  proposed  procedure  as  against  0.1%  for  the  sodium  car¬ 
bonate  fusion  (2) .  In  the  latter  case,  the  results  are  lower  than 
the  theoretical. 

Table  II  shows  results  obtained  in  the  determination  of  alumi¬ 
num  in  commercial  titanium  pigments  by  the  two  procedures. 
As  in  Table  I,  the  results  using  the  specification  method  are  lower 
than  those  obtained  by  the  proposed  method.  In  the  proposed 
method,  a  maximum  deviation  of  0.06%  was  found  as  against 
0.14%  for  the  carbonate  fusion  method. 
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Spectrographic  Method  for  Analysis  of  Recovery  Acid 

THOMAS  WHITEHEAD,  Jr.1,  and  ESTHER  VIRGINIA  WILLIAMS,  Basic  Magnesium,  Incorporated,  Las  Vegas,  Nev. 


A  rapid  spectrochemical  method  has  been  developed  for  deter¬ 
mining  small  amounts  of  sodium,  potassium,  calcium,  aluminum,  and 
iron  in  hydrochloric  acid  solutions.  Working  curves  were  con¬ 
structed  on  the  basis  of  a  series  of  prepared  synthetic  solutions.  The 
plate  densities  of  specific  lines  in  certain  wave-length  regions  were 
adjusted  by  the  use  of  suitable  filters.  Results  secured  by  this  pro¬ 
cedure  compare  favorably  with  those  obtained  by  the  usual  chemical 
methods.  * 

THE  rapid  analysis  of  by-products  and  waste  materials  is 
of  very  great  practical  importance  in  many  chemical  proc¬ 
esses,  particularly  if  these  materials  are  to  be  recycled.  In  the 
production  of  magnesium  (6)  by  the  formation  and  electrolysis 
of  anhydrous  magnesium  chloride,  a  considerable  amount  of 
hydrochloric  acid  is  generated.  This  acid  is  recovered  and  used 
in  one  of  the  preliminary  steps  in  the  magnesium  production 
cycle.  This  hydrochloric  acid,  commonly  called  recovery  acid, 
contains  small  amounts  of  impurities  such  as  the  chlorides  of 
magnesium,  sodium,  potassium,  calcium,  iron,  and  aluminum  as 
well  as  some  carbonaceous  materials.  The  customary  methods, 
of  analyzing  this  recovery  acid  are  somewhat  limited  in  their 
application  and  are  generally  time-consuming.  However,  analy¬ 
ses  can  be  obtained  in  a  comparatively  short  time  by  spectro¬ 
graphic  means. 

PHOTOMETRIC  PROCEDURE 

Since  the  spectral  lines  emitted  by  the  different  elements  in  the 
recovery  acid  vary  considerably  in  intensity,  it  is  necessary  to 
reduce  to  suitable  values  the  densities  of  certain  specific  lines  as 
recorded  on  the  photographic  plate. 

By  the  use  of  a  stepped  sector  (. 2 )  satisfactory  line  density  re¬ 
duction  can  be  secured.  This  may  also  be  accomplished  by  plac¬ 
ing  appropriate  filters,  with  suitable  absorption  characteristics 
(3),  between  the  light  source  and  the  slit.  The  most  suitable 
filters  are  chosen  from  clear  fixed  film,  various  Wratten  filters, 
and  several  different  thicknesses  of  glass.  Transmission  values 
obtained  from  a  series  of  recovery  acid  samples  vaporized  in  a 
direct  current  arc  are  used  as  a  criterion  for  selecting  the  most 
desirable  filters. 

To  select  on  the  basis  of  duration  in  the  are  a  satisfactory  ele¬ 
ment  to  use  as  an  internal  standard,  various  elements  were  added 


to  samples  of  recovery  acid,  and  the  moving  plate  technique  was 
employed  to  select  those  elements  most  likely  to  fill  the  require¬ 
ments.  A  series  of  recovery  acid  samples  was  then  prepared 
containing  the  elements  showing  promise  for  use  as  internal 
standards  in  amounts  to  give  satisfactory  line  densities.  A  num¬ 
ber  of  exposures  were  made,  and  the  intensity  ratio  precision  ob¬ 
tained  was  used  as  a  criterion  for  the  choice  of  the  most  desirable 
internal  standards. 

Working  curves  were  established  (Figure  1)  bv  analyzing  syn¬ 
thetic  acid  samples  containing  varying  known  amounts  of  each 
element  to  be  determined.  To  each  synthetic  sample  was  added 
a  constant  amount  of  the  internal  standard  selected.  The  rela¬ 
tive  intensity  ratio  existing  between  the  selected  spectral  lines 
of  the  element  to  be  analyzed  and  the  selected  spectral  lines  of 
the  internal  standard  increases  with  the  concentration  of  the 
variable  element.  By  plotting,  as  ordinate,  the  relative  intensity 
ratio  of  the  element  to  be  determined  to  the  internal  standard, 
and  as  abscissa,  the  concentration  of  the  variable  element,  a 
working  curve  was  constructed  from  which  satisfactory  estima¬ 
tions  of  the  amount  of  each  element  in  the  recovery  acid  can  be 
secured. 


Table  I.  Comparison  of  Chemical  and  Spectrographic  Analysis  of 

Recovery  Acids 


Sample 

NaCl 

KC1 

CaCla 

R2O3 

No. 

Chem. 

Spec. 

Chem. 

Spec. 

Chem. 

Spec. 

Chem. 

Spec. 

Lb.  /gal. 

Lb.  /gal. 

Lb./ gal. 

Lb.  /gal. 

1 

0.013 

0.014 

0.018 

0.019 

<0.001 

0.0006 

0.065 

0.066 

2 

0.015 

0.015 

0.018 

0.019 

<0.001 

0.0006 

0.061 

0.065 

3 

0.014 

0.015 

0.016 

0.016 

<0.001 

0 . 0006 

0.067 

0.077 

4 

0.014 

0.013 

0.019 

0.018 

<0  001 

0.0007 

0.060 

0.066 

5 

0.013 

0.013 

0.019 

0.018 

<0.001 

0.0006 

0.059 

0.057 

6 

0.013 

0.013 

0.016 

0.018 

<0.001 

0.0006 

0.072 

0.066 

7 

0.014 

0.013 

0.021 

0.016 

<0.001 

0.0008 

0.067 

0.060 

8 

0.013 

0.013 

0.017 

0.015 

<0.001 

0 . 0007 

0.065 

0.065 

9 

0.013 

0.014 

0.017 

0.019 

<0.001 

0.0007 

0.069 

0.071 

10 

0.014 

0.014 

0.018 

0.016 

<0.001 

0 . 0005 

0.061 

0.064 

Plate  calibration  was  obtained  by  means  of  a  stepped  sector 
(I,  4)  and  the  calibration  curve  plotted  on  logarithmic  coordi¬ 
nates,  using  line  transmission  readings  as  ordinates  and  relative 
intensities  as  abscissas. 

To  secure  direct,  rapid  calculations  of  the  concentration  of 
each  element,  horizontal  projections  (5)  of  the  calibration  scale 
were  made,  and  the  log  relative  intensity  ratio  values  secured. 

Scales  were  made  from  the  working  curve,  so 
that  the  actual  concentration  could  be  rapidly 
calculated. 

A  large  Littrow-type  Bausch  &  Lomb  spec¬ 
trograph  was  used.  A  long  focal  length  lens  was 
placed  immediately  in  front  of  the  slit,  and  the 
electrode  stand  positioned  so  that  an  image  of 
the  electrodes  falls  in  the  approximate  region 
of  the  collimating  lens.  By  appropriate  posi¬ 
tioning  of  the  electrodes,  uniform  line  densities 
were  obtained  at  the  camera  position.  The 
slit  was  adjusted  to  a  width  of  30  microns, 
and,  by  the  use  of  the  wedge  on  the  Hartman 
diaphragm,  the  spectrum  lines  were  limited  to 
a  height  of  2.8  mm. 

ANALyTICAL  PROCEDURE 

Analysis  for  Sodium,  Calcium,  Iron,  and 
Aluminum.  To  50  ml.  of  recovery  acid  are 
added  50  ml.  of  distilled  water  and  5  ml.  of  an 
internal  standard  solution  containing  0.0135 
gram  of  cobaltous  chloride  per  liter.  This  is 
mixed  thoroughly  and  one  drop  of  the  mix¬ 
ture  is  placed  in  a  slightly  concave,  kerosene- 


1  Present  address,  Wayne  University,  College  of  Medicine,  Detroit,  Mich. 


Figure  1.  Working  Curves  for  Spectrographic  Analysis  for  Recovery  Acid 
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treated  special  graphite  electrode,  which  is  dried  at  110°  C.  for 
approximately  one  hour.  The  spectrograph  is  adjusted  to  the 
2600  to  3600  A.  range,  Eastman  Kodak  process  plates  are  used, 
and  two  No.  2  cover  slips  are  placed  between  the  slit  and  the 
light  source.  The  prepared  electrode  is  used  as  the  lower  elec¬ 
trode  and  a  pointed  electrode  having  a  tip  1.2  mm.  in  diameter 
as  the  upper  electrode.  Samples  are  burned  to  completion,  us¬ 
ing  1 1  amperes  direct  current,  and  analyses  are  made  in  triplicate. 
After  exposures  are  completed,  the  plates  are  developed  for  2 
minutes  at  18°  C.  in  D-19  developer.  The  cobalt  line  having  a 
wave  length  of  3453.5  A.  is  used  as  the  internal  standard  line. 
Calculations  for  the  various  elements  are  established  on  the 
following  lines: 

Fe  3306.4  A. 

Na  3302.3  A. 

Ca  3179.3  A. 

A1  3082.2  A. 

Concentrations  are  evaluated  from  the  working  curves  (Figure 
1)  established  by  the  use  of  the  series  of  synthetic  solutions. 
Sodium  and  calcium  are  calculated  as  chlorides,  while  iron  and 
aluminum  are  calculated  as  oxides. 

Analysis  for  Potassium.  To  secure  sufficient  sensitivity 
for  the  analysis  of  potassium,  the  spectrograph  is  adjusted  to 
photograph  the  5000  to  10,000  A.  range.  To  secure  satisfactory 
line  density  levels  in  this  region,  and  to  obtain  suitable  sampling, 
a  Wratten  Filter  No.  57  is  placed  in  front  of  the  slit.  Eastman 
Kodak  IV  N  plates  used  for  the  analysis  of  potassium  are  sensi¬ 
tized  for  the  wave-length  region  used  by  placing  in  4%  am¬ 
monium  hyroxide  for  one  minute.  Strontium  is  a  suitable  in¬ 
ternal  standard  for  this  determination. 

To  5  ml.  of  the  original  recovery  acid  sample  are  added  5 
ml.  of  a  solution  containing  29.7  grams  of  strontium  chloride  per 
liter.  These  are  rapidly  mixed,  and  one  drop  of  the  mixture  is  im¬ 
mediately  placed  on  a  graphite  electrode  previously  treated  with 


kerosene.  The  procedure  from  this  point  is  similar  to  that  out¬ 
lined  previously,  except  that  a  15-ampere  direct  current  arc  is 
used  to  increase  the  precision.  Either  K  7664.9  A.  or  K  7698  A. 
may  be  used  for  the  determination  of  potassium  and  Sr  7070.1  A. 
is  used  as  the  internal  standard  line.  Potassium  is  calculated  as 
the  chloride. 

RESULTS  AND  DISCUSSION 

A  series  of  recovery  acid  solutions  was  analyzed  speetrographi- 
cally,  and  the  results  were  compared  with  those  of  routine  chemi¬ 
cal  methods,  as  shown  in  Table  I.  Spectrographically,  the  iron 
and  aluminum  oxide  values  obtained  were  converted  to  R2O3  in 
order  to  show  comparisons  with  the  chemical  results  in  which 
R2O3  was  determined  as  the  hydroxides.  Qualitative  spectro- 
graphic  analysis  of  a  number  of  these  precipitates  showed  the 
presence  of  appreciable  proportions  of  titanium,  copper,  and 
manganese. 

By  slit-height  adjustment  and  camera  movement  it  is  possible 
to  secure  triplicate  exposures  of  10  samples  and  one  standard  on 
each  plate.  The  total  time  necessary  for  the  analysis  of  10 
samples  for  sodium,  potassium,  iron,  aluminum,  and  calcium 
should  not  exceed  7  man-hours. 
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Optical  and  X-Ray  Diffraction  Studies  of  Certain 

Calcium  Phosphates 

WILLIAM  F.  BALE,  JOHN  F.  BONNER,  AND  HAROLD  C.  HODGE,  The  University  of  Rochester,  School  of  Medicine  and  Dentistry , 
Rochester,  N.  Y.,  AND  HOWARD  ADLER,  A.  R.  WREATH,  AND  RUSSELL  BELL,  Victor  Chemical  Works,  Chicago,  III. 


The  x-ray  diffraction  data,  the  melting  points,  the  crystallographic 
systems,  and  the  indices  of  refraction  of  1 1  calcium  phosphates  are 
reported.  These  11  calcium  phosphates  are  divided  into  four 
groups:  a  primary  calcium  phosphate  and  3  derivatives,  a  secondary 
calcium  phosphate  and  3  derivatives,  2  tertiary  calcium  phosphates, 
and  hydroxylapatite. 

MICROSCOPIC  characteristics  and  x-ray  diffraction  pat¬ 
terns  of  some  of  the  calcium  phosphates  have  been  re¬ 
ported,  but  none  of  the  lists  is  complete,  even  of  the  more  com¬ 
monly  manufactured  compounds.  This  paper  attempts  to  pre¬ 
sent  new  data  to  fill  some  of  the  gaps  in  the  knowledge  of  these 
important  compounds  {12). 

In  1938, 10  diffraction  patterns  were 
published  {9),  which  were  taken  as  rep¬ 
resentative  of  10  calcium  phosphates. 

The  identity  of  these  compounds  was 
sought  by  chemical  and  optical 
analyses  and  x-ray  spectrography. 

The  diffraction  patterns  have  been 
associated  with  formulas,  and  by  the 
present  work  eleven  compounds  have 
now  been  identified.  They  are  pre¬ 
sented  by  formulas  in  Table  I,  in 
which  the  foilowing  data  are  also 
given:  the  x-ray  diffraction  pattern 
types  as  published  in  1938,  the  melt¬ 
ing  points,  the  crystallographic 
systems,  and  the  indices  of  re¬ 


fraction.  All  the  compounds  shown  by  fusion  studies  to  exist  in 
the  Ca0-P205  system  except  tetracalcium  phosphate  are  given 
in  Table  I. 

PROCEDURES 

In  Table  II  are  given  the  x-ray  powder  diffraction  data  for  the 
11  substances.  These  data  are  presented  in  the  same  way  as  the 
comprehensive  data  of  Hanawalt,  Rinn,  and  Frevel  (7) — i.e., 
spacing  measurements  and  relative  intensities  are  given  with 
additional  notations  for  the  index  lines.  The  procedures  for 
determining  the  powder  diffraction  data  in  Table  II  are  given  in 
detail  elsewhere  (9). 


Table  I.  Data  on  Eleven  Calcium  Phosphates 

Melting  Bire- 


Diffraction 

Point, 

fring- 

Refractive  Indices 

Formula 

Pattern  Type  (9) 

0  C. 

System 

euce  * 

iV0,  N,  No 

Nm.Ne 

Np 

I. 

Ca(H2P04)2.H20 

I  primary 

d.  153 

Triclinic 

1.528 

1.518 

1.501 

2. 

Ca(H2P04)2 

II  primary 

d.  268 

Triclinic 

(-)' 

1.590 

1.564 

1.552 

3. 

CaH2P207 

III  primary 

(-) 

1.578 

1.518 

4. 

Ca(P(>3)2 

Ignited  primary 

'ldoO 

Amorphous 

1.540 

Tetragonal 

(- )“ 

1 . 588“ 

1.595' 

5. 

CaHP04.2H20 

III  secondary 

Monoclinic 

(-) 

1.551 

F545 

1.540 

6. 

CaHP04 

I  secondary 

Triclinic 

1.63 

1.61 

1.60 

7. 

/3-Ca2P207 

Ignited  secondary 

t.  1270 

Tetragonal0 

(+)° 

1 . 628“ 

1.624' 

8. 

a-Ca2P207 

... 

1350 

(-) 

1.605 

1 .60 

1.585 

9. 

/3-CaaP208 

Ignited  tertiary 

t.  1350 

1 . 620“ 

1.622' 

10. 

a-CasP208 

.  •  • 

1720 

(  +  )‘° 

1 . 588“ 

1.591“ 

11. 

Caio(P04)6(OH)2 

Hydroxylapatite 

1540 

Hexagonal 

1.610 

d.  Decomposition  temperature, 
t.  Transition  temperature. 

0  Values  reported  from  the  literature. 
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Table  II.11  Interplanar  Distance  and  Relative  Intensities  of  Lines  in  the  X-Ray  Diffraction  Patterns  of  Eleven  Calcium  Phosphates 


(Index  lines  indicated  in  each  case) 


Position, 

A. 


Relative 

Intensity 


Position, 

A. 


Relative 

Intensity 


Position, 

A. 


Relative 

Intensity 


Position, 

A. 


Relative 

Intensity 


1.  Ca(HtP04)2.H20 


4.  Ca(POs)j 


11.8 

1.34 

0.02 

5.9 

1.27 

0.02 

5.7 

1.23 

0.03 

4.9 

0^26 

1.20 

0.02 

4.4 

0.09 

1.18 

0.02 

4.2 

0.05 

1.14 

0.03 

3.9 

1.00 

1.09 

0.02 

3.7 

0.92 

1.07 

0.02 

3.37 

0.11 

3.18 

0.23 

2.96 

0.37 

Index  Lines 

2.82 

0.07 

2.68 

0.33 

3.90 

1.00 

2.58 

0.19 

3.70 

0.92 

2.45 

0.19 

11.8 

6 

2.40 

0.19 

2.96 

0.37 

2.15 

0.08 

2.68 

0.33 

2.09 

0.04 

2.00 

0.13 

1.93 

0.15 

(Hanawalt,  220; 

1.84 

0.02 

•S.T.M.,  1104) 

1.79 

0.07 

1.75 

0.03 

1.70 

0.04 

1.66 

0.03 

1.57 

0.03 

1.53 

0.04 

1.47 

0.03 

1.42 

0.05 

1.40 

0.05 

1.37 

0.02 

2.  Ca(H2P04)» 


7.1 

1.48 

0.10 

6.4 

1.44 

0.11 

4.35 

0.10 

1.41 

0.11 

4.05 

0.08 

1.37 

0.10 

3.87 

0.08 

1.35 

0.10 

3.63 

1.00 

1.275 

0.10 

3.48 

0.35 

1.220 

0.10 

3.36 

0.18 

1.180 

0.05 

3.19 

0.23 

1.140 

0.04 

3.05 

0.32 

2.95 

0.30 

2.84 

0.10 

Index  Lines 

2.58 

0.33 

2.33 

0.18 

3.63 

1.00 

2.25 

0.20 

3.48 

0.35 

2.15 

0.20 

2.58 

0.33 

2.13 

0.30 

3.05 

0.32 

2.05 

0.05 

2.00 

0.05 

1.93 

0.18 

(Hanawalt 

,219; 

1.83 

0.25 

A.S.T.M., 

1293) 

1.77 

0.15 

1.72 

0.22 

1.67 

0.08 

1.60 

0.17 

1.57 

0.05 

1.52 

0.10 

3. 

CaH2P2Or 

4.45 

0.15 

1.175 

0.05 

3.76 

0.70 

1.150 

0.07 

3.35 

1.00 

1.110 

0.04 

3.18 

0.80 

1.085 

0.03 

2.70 

0.15 

1.070 

0.03 

2.50 

0.12 

1.030 

0.04 

2.32 

0.12 

0.970 

0.03 

2.21 

0.22 

0.950 

0.03 

2.05 

0.10 

0.895 

0.02 

1.93 

0.18 

0.878 

0.03 

1.84 

0.11 

1.72 

0.18 

1.66 

0.10 

Index  Lines 

1.585 

0.20 

1.48 

0.12 

3.35 

1.00 

1.39 

0.10 

3.18 

0.80 

1.365 

0.08 

3.76 

0.70 

1.335 

0.10 

2.21 

0.22 

1.295 

0.07  * 

1.255 

0.04 

1.205 

0.07 

6.1 

0.05 

1.150 

0.06 

5.6 

0.05 

1.130 

0.05 

5.3 

0.05 

1.120 

0.05 

4.45 

0.06 

0.085 

0.05 

4.00 

0.06 

1.045 

0.03 

3.55 

1.00 

1 . 035 

0.03 

3.40 

0.06 

1.000 

0.03 

3.20 

0.06 

0.980 

0.03 

3.00 

0.06 

0.955 

0.03 

2.83 

0.60 

0.925 

0.03 

2.50 

0.15 

0.910 

0.03 

2.44 

0.06 

2.30 

0.17 

2.02 

0.20 

Index  Lines 

1.93 

0.05 

1.87 

0.25 

3.55 

1.00 

1.77 

0.20 

2.83 

0.60 

1.69 

‘  0.04 

1.87 

0.25 

1.65 

0.17 

2.02 

0.20 

1.58 

0.20 

1.50  . 

0.10 

1.47 

0.16 

1.41 

0.04 

1.34 

0.04 

1.320 

0.04 

1.280 

0.10 

1.270 

0.17 

1.210 

0.06 

1.180 

«  0.06 

5.  CaHP04.2H20 


7.7 

1.365 

0.10 

4.20 

0.80 

1.335 

0.10 

3.35 

0.10' 

1.300 

0.10 

3.02 

0.80 

1.215 

0.15 

2.90 

0.80 

1.190 

0.15 

2.82 

0. 10 

1.150 

0.15 

2.60 

1.00 

1.125 

0.15 

2.42 

0.30 

2.26 

0.10 

2.15 

0.30 

Index  Lines 

2.07 

0.25 

1.98 

0.25 

2.60 

1.00 

1.86 

0.40 

4.20 

0.80 

1.80 

0.40 

3.20 

0.80 

1.70 

0.20 

2.90 

0.80 

1.60 

0.10 

1.54 

0.20 

1.51 

0.20 

(Hanawalt,  218 

1.44 

0.20 

A.S.T.M.,  888) 

6.  CaHPO* 


6.89 

* 

1.26 

0.04 

3.48 

... 

1.23 

0.04 

3.35 

1.00 

1.21 

0.04 

3.11 

0.22 

1.175 

0.04 

2.95 

0.93 

1.150 

0.04 

2.74 

0.72 

1.110 

0.05 

2.62 

0.12 

1.030 

0.04 

2.50 

0.24 

2.23 

0.27 

1.98 

0.06 

Index  Lines 

1.91 

0.10 

1.84 

0.22 

3.35 

1.00 

1.78 

0.06 

2.95 

0.93 

1.71 

0.22 

2.74^ 

0.72 

1.67 

0.06 

2.23 

0.27 

1.64 

0.06 

1.60 

0.05 

1.56 

0.06 

(Hanawalt,  217 

1.53 

0.07 

A.S.T.M.,  1617) 

1.50 

0.04 

1.45 

0.06 

1.41 

0.05 

1.36 

0.07 

1.31 

0.04 

•  The  data  in  this  table  have  been  compared  with  certain  published  dif¬ 
fraction  data.  The  patterns  of  (1)  Ca(H2P04)2.H20,  (2)  Ca(H2P04)2, 
(5)  CaHP04.2H20,  and  (6)  CaHP04  were  compared  with  those  of  Hill  and 
Hendricks  (8).  The  correspondence  is  good.  The  patterns  of  (9)  /3- 
CaaP20i,  (10)  a-CasP204,  and  (11)  hydroxyapatite  were  compared  with  those 
given  by  Bredig,  Franck,  and  Fuldner  (4).  Although  many  more  lines  were 
reported  for  a-CailWs  than  are  given  here  (Table  II,  10),  the  authors’  lines 
correspond  with  the  more  intense  lines  in  their  pattern.  The  diffraction 
pattern  of  the  material  designated  as  “a-phase  (oxyapatit)”  corresponds  to 
(11)  hydroxyapatite. 


&  Intensity  not  measured.  A.S.T.M.  gives  this  and  3.69  A.  lines  in¬ 
tensity  values  of  0.75  with  the  3.88  A.  line  as  1.00. 

e  This  sample  of  dicalcium  phosphate  probably  contained  a  very  small 
percentage  of  anhydrous  dicalcium  phosphate,  which  accounts  for  the  line  at 
3.35  A.  with  a  relative  intensity  of  0.10. 

d  The  2.74  A.  line  was  resolved  into  2  weaker  lines  at  2.76  and  2.72  A. 
having  approximately  equal  intensities. 


(Table  continued  on  next  page) 
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Table  II  (Contd.).  Interplanar  Distance  and  Relative  Intensities  of  Lines  in  the  X-Ray  Diffraction  Patterns  of  Eleven  Calcium  Phosphates 


(Index  lines  indicated  in  each  case) 


>sition. 

Relative 

Position, 

Relative 

A. 

Intensity 

A. 

Intensity 

7. 

d-Ca2P207 

3.38 

0.48 

1.27 

0.06 

3.23 

0.29 

1.22 

0.09 

3.10 

0.31 

1.20 

0.07 

3.02 

1.00 

1.17 

0.09 

2.92 

0.26 

1.14 

0.09 

2.80 

0.50 

1.10 

0.04 

2.76 

0.50 

1.08 

0.21 

2.66 

0.13 

1.05 

0.09 

2.57 

0.43 

1.03 

0.06 

2.40 

0.13 

0.995 

0.06 

2.33 

0.21 

0.970 

0.03 

2.23 

0.39 

0.940 

0.06 

2.10 

0.36 

0.910 

0.06 

2.00 

0.40 

0.890 

0.04 

1.95 

0.40 

0.825 

0.04 

1.85 

.  0.43 

0.775 

0.06 

1.77 

0.26 

1.73 

0.13 

1.68 

0.19 

Index  Lines® 

1.62 

0.36 

1.57 

0.26 

3.02 

1.00 

1.53 

0.31 

2.80 

0.50 

1.49 

0.17 

2.76 

0.50 

1.46 

0.21 

3.38 

0.48 

1.42 

0.10 

1.39 

0.10 

1.36 

0.04 

1.33 

0.09 

1.30 

0.17 

8. 

a-CajPiO? 

7.14 

2.12 

0.37 

4.94 

o’.  i3 

2.06 

0.24 

4.30 

0.08 

2.00 

0.77 

3.80 

0.24 

3.55 

0.35 

3.34 

1.00 

Index  Lines 

3.24 

0.71 

3.10 

0.52 

3.336 

1.00 

2.79 

0.24 

2.000 

0.77 

2.68 

0.34 

3.242 

0.71 

2.61 

0.32 

3.100 

0.52 

9. 

d-Ca3(PC>4)2 

8.3 

1.36 

0.11 

6.5 

1.32 

0.11 

5.4 

0.32 

1.29 

0.11 

4 . 05 

0.32 

1.25 

0.18 

3.40 

0.43 

1.22 

0.11 

3.18 

0.65 

1.18 

0.11 

2.89 

1.00 

1.15 

0.11 

2.78 

0.43 

1.12 

0.  9 

2.70 

0.25 

1.10 

0.14 

2.60 

0.82 

1.06 

0.11 

2.52 

0.29 

1.03 

0.14 

2.40 

0.21 

1.01 

0.11 

2.26 

0.21 

0.99 

0.07 

2.18 

0.18 

0.96 

0.07 

2.06 

0.18 

0.94 

0.07 

2.02 

0.18 

0.91 

0.07 

1.93 

0.32 

0  84 

0  07 

1.88 

0.32 

1.82 

0.18 

1.78 

0.18 

Index  Lines 

1.72 

0.36 

1.68 

0.14 

2.89 

1.00 

1.63 

0.14 

2.60 

0.82 

1.59 

0. 14 

3.18 

0.65 

1.55 

0.25 

3.40 

0  43 

1.51 

0.11 

1.46 

0. 14 

1.44 

0.11 

(Hanawalt,  221 ; 

1.41 

0.14 

A. 

S.T.M.,  2301) 

1  38 

0.14 

The  microdensitometer  tracings  (Figure  1)  were  obtained  from 
powder  diffraction  photographs  made  in  a  General  Electric  Type 
XRD  diffraction  apparatus.  The  sample  was  held  in  an  oscillat¬ 
ing  wedge.  Films  were  exposed  for  12  hours  at  30  kvp.  and  25 
ma.  with  Cu  K -a  radiation. 

The  transition  and  melting  points  of  calcium  pyrophosphate 
were  determined  in  a  silicon  carbide  resistance  furnace  equipped 
with  a  Pt,  Pt-Rh  thermocouple.  As  molten  calcium  phosphates 
can  often  supercool  several  hundred  degrees,  freezing  curves  were 
not  used.  Instead,  samples  were  heated  to  a  predetermined 
temperature  for  several  hours  and  then  examined  for  evidence  of 
fusion. 

An  Arsem  vacuum  furnace  (1)  was  used  for  the  study  of  tri¬ 
calcium  phosphates.  Temperature  of  the  sample  was  observed 


Position, 

Relative 

Position, 

Relative 

A. 

Intensity 

A. 

Intensity 

10. 

a-Ca3(P04)j 

3.92 

0.60 

Index  Lines 

3.70 

0.19 

2.90 

1.00 

2.90 

1.00 

2.61 

0.67 

2.61 

0.67 

2.16 

0.19 

3.92 

0.60 

1.93 

0.19 

3.' '70 

0.19 

1.55 

0.12 

11. 

Ca10(PO4)6(OH)2 

3.44 

0.29 

1.433 

0.08 

3.15 

0.19 

1.310 

0.05 

3.08 

0.21 

1.270 

0.05 

2.79 

1.00 

1.250 

0.08 

2.72 

0.62 

1.230 

0.08 

2.63 

0.31 

1.148 

0.07 

2.27 

0.19 

1.110 

o.y 

2.14 

0.06 

2.06 

0.06 

2.00 

0.05 

Index  Lines 

1.94 

0.18 

1.88 

0.12 

2.79 

1.00 

1.84 

0.31 

2.72 

0.62 

1.80 

0.20 

2.63 

0.31 

1.77 

0.18 

1.84 

0.31 

1.77 

0.18 

1.755 

0.17 

1.715 

0.18 

(Hanawalt,  222; 

1.640 

0.04 

A.S.T.M., 

2454) 

1.610 

0.04 

1.580 

0.03 

1.535 

0.05 

1.500 

0.08 

1.470 

0.10 

1.445 

0.17 

•  Hanawalt  226  pattern  (A.S.T.M.  1642?)  corresponds  to  a  mixture  of 
80%  /3-Ca2P2C>7  and  20%  a-CasPsO?  (5). 


INTERPLANAR  DISTANCE 


5  4  3  25  2  1.7  1.5  1.3  1.2 

1 — l - 1 - 1 - 1 - i - 1 - 1 - r 


Interplanar  distances  in  Angstrom  units  are  given  as  abscissas.  Ordinates 
are  in  opacities,  so  that  vertical  increases  mean  higher  x-ray  intensities 
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through  a  mica  window  with  an  optical  pyrometer.  Several 
intermediate  mixtures  of  di-  and  tricalcium  phosphates  were 
treated  in  each  furnace.  A  small  silicon  carbide  resistance  furnace 
with  a  chromel-alumel  thermocouple  was  used  in  the  study  of 
hydroxylapatite  under  various  conditions. 


PRIMARY  CALCIUM  PHOSPHATES 

Four  primary  calcium  phosphates  are  described:  (1)  the  hy¬ 
drate,  (2)  the  anhydrous,  (3)  the  acid  pyrophosphate,  and  (4)  the 
metaphosphate.  The  analyses  of  the  phosphates  used  are  as 
follows: 


Found  Theoretical 


CaO 

P2Ot 

CaO 

P2O. 

.% 

% 

% 

% 

1. 

Ca  (H2PO4)  2H2O 

22.40 

56.35 

22.2 

56.4 

2. 

Ca(H2P04)j 

25.0 

59.0 

23.9 

60.7 

3. 

CaH2P207 

25.2 

62.8 

25.9 

65.8 

4. 

Ca(P03)2 

29.4 

68.0 

28.3 

71.7 

Boulle  has  reported  (3)  2  crystalline  modifications  of  calcium- 
metaphosphate;  A  transformed  slowly  to  B  at  400°  C.  and 
rapidly  at  higher  temperatures.  He  cited  positions  but  not  in¬ 
tensities  of  x-ray  diffraction  maxima.  The  authors  are  unable  to 
tell  what,  if  any,  correspondence  exists  between  these  diffraction 
patterns  and  the  one  the  authors  obtained  by  heating  monocal¬ 
cium  phosphate  hydrate  to  500°  C.  The  authors  are  grateful 
to  L.  K.  Frevel  for  calling  this  paper  to  their  attention. 

The  anhydrous  phosphate  used  was  a  commercial  product 
which  contains  some  di-  and  tricalcium  phosphates.  This  ma¬ 
terial  was  used  because  the  crystals  were  well  shaped  and  only 
occasionally  twinned.  The  indices  reported  have  been  checked 
on  crystals  prepared  in  the  laboratory  by  crystallizing  from 
liquors  at  high  temperatures;  the  indices  were  the  same.  For 
the  hydrate,  Larson  {11)  reported  Nv  =  1.4932;  this  value  is 
lower  than  those  in  Table  I.  For  the  metaphosphate,  Schneider- 
hoehn  {13)  gave  the  following  data:  probably  rhombic  system, 
biaxial,  negative;  Na  is  1.588,  Ny  =  1.595.  Calcium  metaphos¬ 
phate  melts  at  approximately  1000°  C.,  giving  an  amorphous 
glass  with  an  N  of  1.542. 

Of  the  x-ray  diffraction  data,  pattern  1  is  comparable  to  Hana- 
walt  pattern  220,  pattern  2  to  219;  patterns  3  and  4  are  not 
listed  in  the  Hanawalt  key. 

SECONDARY  CALCIUM  PHOSPHATES 

Four  secondary  calcium  phosphates  are  described:  (5)  the  di¬ 
hydrate,  (6)  the  anhydrous,  (7)  the  3-pyrophosphate,  and  (8)  the 
cK-pyrophosphate.  The  source  of  the  samples  were  described 
previously  {2,  9).  The  analyses  of  the  secondary  phosphates 
used  are  as  follows: 

Found  Theoretical 


CaO 

P2Os 

CaO 

P20, 

% 

% 

% 

% 

5.  CaHP04.2H20 

32.8 

41.4 

32.5 

41.3 

6.  CaHP04 

40.9 

53.0 

41.4 

52.2 

7.  Ca2P207  (sample  1) 

44.2 

57.0 

44.1 

55.9 

8.  Ca2P20?  (sample  2) 

43.4 

55.1 

The  indices  of  the  dihydrate  are  in  good  agreement  with  the 
data  for  the  mineral  brushite  as  reported  in  the  International 
Critical  Tables  (1.551,  1.545,  and  1.539)  and  by  Larsen  and  Ber¬ 
man  {10).  The  indices  for  the  anhydrous  form  agree  with  those 
reported  by  Larsen  and  Berman  for  the  mineral  monetite;  how¬ 
ever,  considerably  different  indices  have  also  been  given  for  this 
substance: 


Na 

Nm 

NP 

Winchell  {14) 

1.63 

? 

1.61 

International  Critical  Tables 

1.525 

1.518 

1.515 

Gaubert  ( 6 ) 

1.623 

1.604 

Larsen  and  Berman 

1.631 

1 !  6i4 

1.600 

The  agglomerates  of  very  small  crystals  in  the  a-pyrophosphate 
samples  make  the  determination  of  optical  properties  difficult. 


Schneiderhoehn  on  Troemel’s  material  {13)  gives  the  following 
data:  3-pyrophosphate,  tetragonal,  uniaxial,  positive,  na  is 
1.624,  ny  is  1.628;  a-pyrophosphate,  biaxial,  positive,  na  is 
1.585,  ny  is  1.604. 

Of  the  x-ray  diffraction  data,  pattern  5  is  comparable  to  Hana¬ 
walt  pattern  218,  pattern  6  to  217,  pattern  7  to  226;  there  are 
minor  differences  in  the  relative  intensities  ascribed  to  the  index 
lines. 


TERTIARY  CALCIUM  PHOSPHATES 

Two  tertiary  phosphates  are  described:  (9)  the  3-tricalcium 
phosphate  and  (10)  the  a-tri calcium  phosphate.  The  tricalcium 
phosphate  used  contained  38.8%  calcium  and  20.0%  phosphorus; 
the  theoretical  values  for  Ca3P208  are  38.7%  calcium  and  20.0% 
phosphorus.  The  a-tricalcium  phosphate  was  prepared  by  heat¬ 
ing  a  sample  of  this  tricalcium  phosphate  to  a  temperature  over 
1700°  C.  and  cooling  rapidly.  Because  only  microscopic  crystals 
of  tricalcium  phosphates  have  ever  been  obtained,  the  determina¬ 
tion  of  the  optical  properties  is  very  difficult.  Schneiderhoehn 
gives  the  following  data:  3-tricalcium  phosphate,  na  is  1.620, 
ny  is  1.622;  a-tricalcium  phosphate,  biaxial,  positive,  na  is 
1.588,  ny  is  1.591. 

Of  the  x-ray  diffraction  data,  pattern  9  is  comparable  to  Hana¬ 
walt  pattern  221  and  pattern  10  is  not  listed  in  the  Hanawalt  key. 

HYDROXYLAPATITE 

Some  of  the  hydroxylapatite  samples  used  in  this  work  were 
commercial  tricalcium  phosphates,  others  were  samples  prepared 
in  this  laboratory  {9).  The  hydroxylapatite  used  for  optical 
measurements  had  the  following  composition:  36.7%  calcium 
and  17.4%  phosphorus;  theoretical,  39.8%  calcium  and  18.5% 
phosphorus.  The  calcium-to-phosphorus  ratio  was  2.11  as  com¬ 
pared  to  2.15,  the  theoretical  value.  The  low  calcium  and  phos¬ 
phorus  percentages  are  due  to  water  content.  Unignited  samples 
appear  to  be  amorphous  with  A  =  1.610.  After  ignition  (below 
1200°  C.)  which  has  been  shown  to  have  no  effect  on  the  crystal 
lattice  of  precipitated  calcium  phosphates  having  this  caicium-to- 
phosphorus  ratio,  the  index  was  1.636,  which  agrees  fairly  well 
with  the  intermediate  index  reported  by  Winchell  for  tetra- 
calcium  phosphate  (Ca4P2C>9)  found  in  Thomas  slags.  The  x-ray 
diffraction  pattern,  No.  11  (Table  II),  is  comparable  to  Hanawalt 
pattern  222,  which  is  there  listed  as  Ca3(P04)2H20. 

The  fact  that  most  commercial  tricalcium  phosphates  are 
hydroxylapatite  was  established  in  1938.  The  relation  between 
lattice,  calcium-to-phosphorus  ratio,  and  mode  of  precipitation 
was  also  shown  clearly  at  that  time.  Only  one  basic  calcium 
phosphate  is  known  to  be  precipitated  from  water;  it  has  the 
hydroxylapatite  lattice  more  or  less  evidently  developed.  Igni¬ 
tion  of  such  a  precipitate,  if  the  calcium-to-phosphorus  ratio  is 
near  the  theoretical  for  tricalcium  phosphate,  gives  either  3-  or 
a-tricalcium  phosphate,  depending  on  the  conditions  -of  ignition. 
On  the  other  hand,  if  the  calcium-to-phosphorus  ratio  is  near  the 
theoretical  for  hydroxylapatite,  this  lattice  is  stable  on  ignition 
below  1450°  C. 
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Quantitative  Absorption  of  Oxygen 

Critical  Factors  in  the  Application  of  Acid-Chromous  Solutions 

HOSMER  W.  STONE  and  EDWIN  R.  SKAVINSKI1 
University  of  California,  Los  Angeles,  Calif. 


Acetic  acid  solutions  of  chromous  chloride  provide  an  excellent 
reagent  for  the  quantitative  absorption  of  gaseous  oxygen.  This 
paper  reports  a  study  undertaken  to  dear  up  controversial  literature 
statements;  it  shows  the  effect  of  the  concentration  of  acid  hydrogen 
in  the  reagent  on  the  evolution  of  hydrogen  gas  and  sets  forth  meth¬ 
ods  of  preparation  and  use  that  avoid  or  eliminate  factors  that  have 
heretofore  caused  difficulties. 


THE  reaction  of  acidified  chromous  solutions  with  molecular 
oxygen,  represented  by  the  equation 

4CR++  +  4H+  +  02  =  2H20  +  4Cr  +  +  + 

was  proposed  for  oxygen  absorption  by  Pfordten  (1 7)  as  early  as 
1885.  This  reagent  interested  him  particularly  because  he 
wished  to  separate  oxygen  from  hydrogen  sulfide  and  other  acid 
gases.  Jannasch  and  Meyer  (15)  promptly  adopted  the  reagent 
for  removing  oxygen  from  the  nitrogen  which  they  were  using  in 
organic  combustions  and  thus  the  chromous  solution  took  its 
place  as  one  of  the  accepted  oxygen  absorbents  for  gas  analysis. 

Difficulties  soon  developed,  with  Bertholet  (4)  reporting  that 
chromous  solutions  liberated  hydrogen  gas  when  acid  hydrogen 
was  present.  This  reaction  is  represented  by 

2Cr  +  +  +  2H+  =  2Cr+++  +  H2 

The  evolution  of  hydrogen  gas  by  this  unwelcome  side  reaction 
was  confirmed  in  the  publications  of  Doring  (IS),  Peters  (16), 
and  Dernstadt  and  Hassler  (12).  The  report  of  Anderson  and 
Riffe  (1)  in  1916,  that  hydrogen  was  evolved  in  acid  chromous 
solution  even  in  the  presence  of  an  excess  of  chromous  acetate 
and  that  the  absorption  of  the  oxygen  was  only  97%  complete, 
appears  to  have  been  particularly  discouraging  to  prospective 
users  of  the  reagent. 

Such  an  array  of  evidence  might  have  completely  disqualified 
chromous  solutions  as  an  analytical  reagent,  but  the  report  of 
Asmanow  (2)  in  1927  that  chromous  sulfate  in  sulfuric  acid  even 
up  to  10  N  acid  yielded  no  hydrogen  gas  revived  interest  in  the 
matter. 

A  number  of  papers  were  published  about  this  time  by  Zintl 
(25-28)  and  co-workers  and  by  Brintzinger  (7,  8)  and  co-workers 
in  which  use  was  made  of  chromous  solutions  for  potentiometric 
analytical  titrations.  Later,  Thornton  and  Sadusk  (23)  re¬ 
ported  that  0.067  N  chromous  sulfate  in  0.18  N  sulfuric  acid 

1  Present  address,  Southern  California  Gae  Co.,  Los  Angeles,  Calif. 


showed  no  change  in  titer  over  a  period  of  two  months.  The  United 
States  Steel  Corporation  (24),  using  a  hydrochloric  acid  solution 
of  chromous  chloride  for  oxygen  in  gas  analysis,  stated  “if  the 
excess  acid  is  not  great  and  the  temperature  is  kept  below  20°  C., 
the  amount  of  hydrogen  liberated  is  not  measurable  with  an  or¬ 
dinary  buret”.  A  commercial  oxygen  absorbent  for  gas  analysis 
which  contains  chromous  chloride  in  acid  solution  has  been  avail¬ 
able  on  the  market  for  a  number  of  years.  Stone  and  Dixon  (20) 
investigated  and  reported  favorably  on  the  application  of  a 
chromous  sulfate-sulfuric  acid  reagent  for  the  absorption  of 
oxygen  in  gas  analysis,  prepared  by  passing  a  sulfuric  acid-chrome 
alum  solution  over  zinc  amalgam.  Branham  (5)  called  the  atten¬ 
tion  of  these  workers  to  the  fact  that  traces  of  hydrogen  sulfide  are 
liberated  by  the  action  of  the  chromous  ion  on  the  sulfate. 
He  indicated  that  the  volume  of  hydrogen  sulfide  was  not  suffi¬ 
cient  to  be  detected  in  the  gas  volume  measurement  but  that  sul¬ 
fide  formation  on  the  surface  of  the  mercury  in  the  buret  made 
reading  of  the  mercury  meniscus  difficult. 

Branham  made  other  important  contributions  to  the  chro¬ 
mous  situation  in  pointing  out  that,  under  the  conditions  he  used, 
the  error  due  to  the  evolution  of  hydrogen  was  of  the  same  order 
as  that  due  to  carbon  monoxide  formation  with  pyrogallate,  and 
that  the  heat  resulting  from  the  oxygen  reaction  caused  trouble 
by  lowering  the  solubility  of  the  nitrogen  carrier  gas,  remaining 
as  residue  after  each  analysis. 

A  consideration  of  these  contradictory  or  at  least  controversial 
statements  found  in  the  literature  with  regard  to  the  suitability 
of  this  reagent  for  accurate  work  suggested  to  the  authors  that  a 
clear  understanding  of  the  important  factors  might  eliminate  the 
difficulties  and  make  available  a  much  more  satisfactory  reagent 
for  oxygen  absorption  than  had  been  previously  known. 

This  has  been  accomplished  by  showing  the  effect  of  the  con¬ 
centration  of  acid  hydrogen  in  the  reagent  on  the  evolution  of 
hydrogen  gas,  and  by  setting  forth  methods  of  preparation  and 
use  which  avoid  or  eliminate  factors  that  have  given  rise  to  the 
various  objections  appearing  in  the  literature. 

The  determination  of  the  apparent  percentage  of  oxygen  in 
the  atmospheric  air  with  the  acid-chromous  reagent  in  highly 
precise  apparatus  provides  data  which  show  the  reagent  to  be 
satisfactory  even  where  high  precision  is  required. 

APPARATUS 

The  apparatus  used  in  the  investigation  is  illustrated  in 
Figure  1. 

The  two-bulb  type  of  buret  shown  was  designed  especially  for 
the  analysis  of  air,  being  similar  to  the  one  described  by  Car¬ 
penter  (10, 11).  This  buret  allowed  the  estimation  of  volumes  to 
0.002  ml.  on  a  50-ml.  sample,  the  readings  being  made  to  approxi¬ 
mately  0.004%.  The  compensating  tube,  the  buret,  and  the 
pipet  were  immersed  in  water  circulating  rapidly  from  a  thermo¬ 
stat,  so  that  the  temperature  did  not  vary  more  than  0.05°.  It 
was  found  unnecessary  to  use  the  thermoregulator  for  analyses 
if  the  order  of  accuracy  desired  did  not  exceed  0.01%.  Even 
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when  the  thermoregulator  was  not  used  it  was  thought  desirable 
to  keep  the  apparatus  immersed  in  the  water  bath  because  of  the 
effect  of  the  heat  evolved  in  the  oxygen  absorption. 

The  absorption  pipet  was  equipped  with  a  sintered-glass  bub¬ 
bler  tip  prepared  as  directed  by  Stone  and  Weiss  {22)  from  glass 
ground  to  100-  to  150-mesh.  The  solution  in  the  reservoir  arm 
of  the  pipet  was  protected  from  the  air  by  a  rubber  balloon.  In 
the  determinations  tank  air,  room  air,  tank  nitrogen,  or  tank 
oxygen  was  used  to  study  such  effects  as  the  liberation  of  hydro¬ 
gen  and  the  displacement  of  and  resaturation  with  nitrogen. 
The  samples  were  saturated  with  moisture  and  a  moist  buret  was 
used,  so  that  the  gases  were  kept  saturated  with  moisture  at  all 
times. 

One  limitation  of  the  apparatus,  which  made  the  work  some¬ 
what  tedious,  resulted  from  the  unusual  sensitivity  of  measure¬ 
ment.  After  a  chosen  number  of  passes  of  the  sample  and  residual 
gas  had  been  made  through  the  absorption  reagent  the  pressure 
was  equalized  by  opening  the  capillary  line  to  the  manometer 
before  making  the  final  volume  reading.  Even  though  the  capil¬ 
lary  diameter  was  small  and  the  length  no  greater  than  necessary, 
some  of  the  oxygen  would  diffuse  into  the  measuring  pipet  during 
the  pressure  adjustment,  so  that  additional  passes  of  carrier  gas 
resulted  in  higher  apparent  values  for  the  oxygen.  Accordingly, 
when  it  was  desired  to  determine  the  effect  of  varying  the  num¬ 
ber  of  passes  it  was  necessary  to  compare  the  values  for  different 
samples  of  the  same  gas  rather  than  use  the  simpler  expedient  of 
making  additional  passes  of  the  residual  gas  from  a  single  analy¬ 
sis. 

To  obtain  satisfactory  results,  high  quality  stopcocks  were 
used  and  the  apparatus  was  tested  for  leaks  before  each  day’s 
determinations.  Indeed,  considerable  practice  was  required  be¬ 
fore  an  operator  could  obtain  consistently  satisfactory  results.  . 


PREPARATION  OF  CHROMOUS  SOLUTIONS 

Because  of  the  peculiarities  of  the  various  chromium  coordina¬ 
tion  complexes,  unexpected  difficulties  in  the  preparation  of 
chromous  solutions  have  frequently  either  discouraged  workers 
from  using  the  reagent  or  led  them  to  use  unnecessarily  cumber¬ 
some  methods  of  preparation.  Important  facts  in  this  connection 
which  have  bearing  on  the  work  are  brought  out  by  Stone  and 
Hume  {21).  Of  particular  importance  is  the  fact  that  ordinary 
green  chromic  chloride  solutions  are  reduced  rapidly  by  zinc 
amalgam  while  chromic  acetate  under  similar  conditions  is  scarcely 
reduced  at  all. 


Table  1. 

Author 

Oxygen  in  Atmosphere 

Method 

Oxygen  in 
Atmosphere,  % 

Benedict,  F.  G.  (3) 

Alkaline-pyrogallate 

20.938 

Benedict,  F.  G.  (3) 

Haldane-pyrogallate 

20.952 

Carpenter,  T.  M.  (9) 

Alkaline-pyrogallate 

20.939 

Stone  and  Skavinski 

Chromous-acetic  acid 

20.947 

For  the  work  reported  in  this  paper  the  hydrochloric  acid  solu¬ 
tions  of  chromous  reagent  were  prepared  by  dissolving  green 
crystals  of  CrClj.ATFO,  probably  Higley’s  {14)  [Cr(H20)4- 
Cl2]C1.2H20  form,  in  0.01  to  0.02  M  hydrochloric  acid.  The 
solution  was  then  forced  over  the  amalgamated  zinc  by  means  of 
air  pressure  into  the  absorption  pipet  where  it  was  mixed  with 
hydrochloric  acid  to  give  the  desired  concentrations  of  acid  and 
chromous  ion.  For  the  chromous-acetic  acid  solutions,  green 
crystals  of  chromic  chloride  were  dissolved  in  2  M  acetic  acid  and 
reduced  by  passage  over  the  amalgamated  zinc. 

Once  chromous  chloride  has  been  oxidized  in  the  presence  of 
acetic  acid  it  is  not  reduced  by  passage  through  the  zinc-amalgam 
reductor.  It  is  like  the  chromic  acetate  mentioned  above  in  this 
respect.  On  the  other  hand,  green  chromic  chloride  in  2  M  acetic 
acid  solution  is  as  readily  reduced  by  the  zinc  amalgam  as  in  hy¬ 
drochloric  acid  solution.  Even  after  24  hours’  standing  the  green 
chromic  chloride  in  acetic  acid  solution  is  readily  reduced. 

Apparently  the  chromic  chloride  does  not  react  to  form  the 
more  stable  acetic  acid  complex  until  some  stage  of  the  oxidation 
process  opens  the  way. 


The  statements  by  Branham  (-5)  that  solutions  of  green  chromic 
chloride  are  not  appreciably  reduced  by  amalgamated  zinc  unless 
an  excess  of  hydrochloric  acid  is  present,  that  green  chromic 
chloride  is  reduced  more  slowly  than  chromium  potassium  sulfate 
in  a  Jones  reductor,  and  that  a  precipitate  forms  clogging  the 
reductor  when  green  chromic  chloride  is  reduced  are  not  sup¬ 
ported  by  the  experience  of  the  authors  nor  by  the  results  ob¬ 
tained  by  Stone  and  Hume  {21).  Doubtless  differences  which 
affected  the  character  of  the  chromium  complex  or  the  activity 
of  the  zinc  amalgam  not  stated  by  Branham  could  explain  these 
discrepancies.  In  any  case,  control  of  such  critical  factors  may 
make  the  difference  between  a  satisfactory  and  an  unsatisfactory 
reagent. 


Figure  1.  Diagram  of  Apparatus 


In  certain  preparations  of  the  reagent  it  was  observed  that 
minute  particles  of  the  amalgamated  zinc  were  buoyed  up  by 
adhering  bubbles  of  hydrogen  and  some  of  these  passed  through 
the  glass  wool  filter  at  the  end  of  the  reductor  into  the  pipet. 
Trouble  arose  from  the  slow  liberation  of  hydrogen  as  a  result 
of  the  action  of  the  acid  of  the  reagent  on  the  particles  of  amal¬ 
gam.  The  introduction  of  a  tube  containing  a  sintered-glass  disk 
between  the  reductor  and  the  pipet  eliminated  this  as  a  possible 
source  of  error. 

DISCUSSION  OF  RESULTS 

Table  I  presents  a  summary  of  values  published  by  different 
authors  for  the  percentage  by  volume  of  oxygen  in  the  atmos¬ 
phere.  It  is  included  so  that  the  value  obtained  with  the 
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chromous  chloride-acetic  acid  reagent  may  be  compared  with 
those  obtained  by  the  widely  used  alkaline  pyrogallate  method. 

Table  II  records  the  effect  on  the  values  obtained  of  varying 
the  concentration  of  the  hydrochloric  acid  and  of  changing  to  the 
relatively  low  hydrogen-ion  concentration  of  2  M  acetic  (approxi¬ 
mately  1  X  10“*  2).  The  concentration  of  acid  and  of  chromous 
ion  listed  in  the  table  is  the  initial  concentration.  This  decreases 
as  the  oxygen  absorption  reaction  consumes  both  chromous  and 
hydrogen  ion.  On  the  basis  of  the  volume  of  reagent  in  the  pipet 
and  the  amount  of  oxygen  absorbed  the  concentration  of  each  of 
these  substances  decreases  about  0.011  in  M  concentration  for 
each  50-ml.  sample  of  air  analyzed.  It  was  the  observation  that 
when  chromous  solution  had  been  used  to  absorb  oxygen  nearly  to 
the  exhaustion  of  the  hydrochloric  acid,  higher  and  approximately 
correct  values  for  the  percentage  of  oxygen  were  obtained  which 
first  suggested  to  the  authors  the  idea  of  using  a  weak  acid  such 
as  acetic.  By  replacing  the  strong  hydrochloric  acid  with  2  M 
acetic  in  preparing  the  chromous  solution  one  is  able  to  provide 
acid  for  the  entire  oxygen  capacity  of  the  reagent  without  making 
the  hydrogen-ion  concentration  high  enough  to  liberate  detrimen¬ 
tal  quantities  of  hydrogen  gas. 

The  data  of  Table  II  also  show  that  the  effect  of  the  change  in 
the  concentration  of  hydrogen  and  chromous  ions  with  oxygen 
absorption  is  not  of  sufficient  magnitude  to  appear  as  a  trend  in 
the  values  for  the  first  ten  analyses  on  each  reagent  as  listed. 
Accordingly,  this  change  in  concentration  is  not  regarded  as 
significant  in  interpreting  the  results.  The  data  indicate  clearly 
that  when  the  reagent  is  made  up  to  contain  the  higher  hydrogen- 
ion  concentrations  the  apparent  value  for  the  percentage  of  oxy¬ 
gen  in  the  air  becomes  less.  This  results  from  the  fact  that  when 
hydrogen-ion  concentration  is  high  more  hydrogen  gas  is  pro¬ 
duced  from  the  chromous  ion-hydrogen  ion  reaction  and  hence 
lower  apparent  values  for  the  oxygen  percentages  are  obtained. 


Table  II.  Effect  of  Acid  Concentration  on  Apparent  Percentage  of 
Oxygen  in  Air  as  Determined  with  2  A1  Chromous  Chloride 


2  M  HC1 

1.5  M  HC1 

1  M  HC1 

0.5  M  HC1 

2  M  HAc 

20.890 

20.921 

20.917 

20 . 945 

20 . 945 

20.899 

20.930 

20.888 

20.923 

20.958 

20.905 

20.915 

20.921 

20.938 

20.937 

20.936 

20.913 

20.935 

20.935 

20 . 945 

20.905 

20.933 

20.945 

20.945 

20.954 

20.911 

20 . 943 

20.937 

20.936 

20.916 

20.877 

20.943 

20.948 

20 . 877 

20.922 

20.936 

20.940 

20.891 

20 . 903 

20.946 

20.949 

20.926 

20.929 

20.936 

20.941 

Average  Apparent  Percentage  of  Oxygen 

and  Average  Deviation 

20.906 

20.919 

20.930 

20.937 

20.945 

±0.013 

±0.015 

±0.013 

±0.007 

±0.006 

As  further  evidence  of  the  correctness  of  the  conclusion  that 
acetic  acid-chromous  chloride  solutions  give  satisfactory  results, 
a  series  of  sixty  determinations  was  made  starting  with  a  solution 

2  M  in  chromous  chloride  and  2  M  in  acetic  acid.  In  Table  III, 
each  column  represents  an  average  of  ten  of  the  sixty  determina¬ 
tions  in  order.  These  data  also  give  an  idea  of  the  range  of  the 
determination  values  and  of  the  extent  of  the  deviations  ob¬ 
served. 

Even  with  acetic  acid  and  its  low  hydrogen-ion  concentration, 
chromous  chloride  solutions  were  found  to  yield  some  hydrogen 
gas  on  long  standing,  although  the  effect  of  the  liberated  hydro¬ 
gen  on  the  results  of  the  oxygen  analysis  could  not  be  detected 
unless  the  reagent  had  stood  for  from  10  to  12  hours.  The 
evolution  of  hydrogen  is  so  slow,  even  when  hydrochloric  acid 
is  present,  that  this  acid  may  be  used  without  detriment  in  gas 
analysis  if  high  precision  is  not  required.  In  fact,  hydrochloric 


acid  solutions  of  0.5  M  or  less  concentration  are  satisfactory  for 
gas  analysis  in  so  far  as  hydrogen  evolution  is  concerned.  It 
must  have  been  some  such  low  hydrochloric  acid  concentration 
which  Branham  (5)  used  when  he  concluded  that  the  error  re¬ 
sulting  from  the  evolution  of  hydrogen  in  the  chromous  solution 
was  of  the  same  order  as  the  error  caused  by  the  formation  of 
carbon  monoxide  in  the  absorption  of  oxygen  by  alkaline  pyrogal¬ 
late. 


Table  III.  Percentage  of  Oxygen  in  Air  as  Determined  by  2  M 
Chromous  Chloride  in  2  A1  Acetic  Acid 


Oxygen,  % 
Average 

deviation,  % 
Range  of 
values,  % 


(Each  column  is  average  of  ten  analyses) 


20.945 

20.951 

20.954 

20.943 

20.945 

±0.006 

±0.006 

±0.008 

±0.005 

±0.005 

20.958 

20.966 

20.966 

20.951 

20.955 

20.936 

20.939 

20.938 

20.926 

20.927 

20.944 

±0.005 

20.965 

20.941 


Average  for  sixty  analyses,  %  20.947 

Average  deviation,  %  ±0.007 


The  fact  that  the  authors  have  yet  to  prepare  an  acid  chromous 
solution,  even  with  acetic  acid,  that  does  not  evolve  some  hydro¬ 
gen  after  long  idle  periods  requires  that  inert  gaseous  equilibrium 
be  established  with  the  reagent  at  the  start  of  each  day’s  analysis. 

DISPLACEMENT  OF  NITROGEN 

Branham  (5,  6)  compared  chromous  reagents  and  alkaline 
pyrogallate  with  respect  to  both  nitrogen  displacement  during 
oxygen  absorption  and  the  number  of  passes  required  to  resatu¬ 
rate  these  reagents  with  nitrogen  carrier  gas  after  the  absorption 
had  been  completed.  He  reported  that  the  chromous  reagents 
were  less  satisfactory  in  both  respects  because  of  the  greater 
solubility  of  nitrogen  in  the  chromous  reagents  and  because 
there  is  a  greater  rise  of  temperature  in  the  absorbing  solution 
due  to  the  heat  of  the  absorption  reaction  in  the  case  of  the  chro¬ 
mous  solution. 

The  practical  issue  here  is  the  matter  of  the  number  of  passes  of 
the  gas  through  the  reagent  required  for  accurate  analyses.  Not 
only  is  the  nature  of  the  absorbing  reagent  concerned  in  this 
matter  but  also  the  particular  characteristics  of  the  gas  analysis 
equipment  used.  For  example,  the  size  of  the  pores  of  the 
bubbler  tip  and  the  length  of  the  gas  bubble  column  in  the  absorb¬ 
ing  liquid  are  factors  in  determining  the  number  of  passes  required. 

Three  passes  of  the  gas  through  the  chromous  reagent  were 
required  in  this  apparatus  when  air  was  being  analyzed.  How¬ 
ever,  when  a  50-ml.  sample  containing  80%  oxygen  was  analyzed 
it  became  necessary  to  use  ten  passes  for  results  of  highest  accu¬ 
racy.  The  greater  quantity  of  heat  liberated  by  the  absorption  of 
so  large  a  volume  of  oxygen  displaced  more  nitrogen  from  the  re¬ 
agent  and  made  the  larger  number  of  passes  necessary.  If 
samples  high  in  oxygen  are  to  be  analyzed  it  is  customary  to  add 
a  certain  percentage  of  carrier  gas  for  satisfactory  analysis  in  such 
an  apparatus.  The  displacement  of  carrier  gas  could  be  avoided 
by  using  a  larger  quantity  of  the  carrier  gas  with  the  sample  or 
by  using  a  smaller  sample  and  thus  reducing  the  quantity  of  heat 
evolved  and  consequent  inconvenient  displacement  of  carrier  gas. 

Under  conditions  of  analysis  when  the  oxygen  content  does  not 
exceed  that  of  the  atmosphere  the  much  higher  rate  of  absorption 
of  oxygen  by  the  chromous  reagent  as  compared  to  other  reagents 
used  for  this  purpose  results  in  this  reagent’s  requiring  a  minimum 
number  of  passes  as  compared  to  pyrogallate  and  other  reagents. 
The  remarkable  superiority  of  chromous  solutions  with  respect 
to  the  rate  of  oxygen  absorption  is  brought  out  in  the  work  of 
Stone  (18). 

In  ordinary  analyses  where  an  accuracy  not  to  exceed  0.1%  is 
required,  the  error  due  to  nitrogen  displacement  is  much  too  small 
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to  be  of  concern.  The  number  of  passes  required  should  be  de¬ 
termined  in  every  case  experimentally  for  the  particular  appara¬ 
tus,  reagent,  and  accuracy  desired. 

COMPARISON  OF  CHROMOUS  CHLORIDE  ACETIC  ACID  REAGENT 
WITH  ALKALINE  PYROGALLATE  FOR  OXYGEN  ABSORPTION 

Although  alkaline  pyrogallate  has  been  rated  as  having  a  ca¬ 
pacity  of  27  volumes  of  oxygen  per  volume  of  reagent,  Branham 
( 5 )  found  that  the  bubbler  tip  became  clogged  with  precipitate 
before  3  volumes  had  been  absorbed.  The  following  comment  has 
been  offered  by  one  of  the  referees  of  this  manuscript:  “Clogging 
of  the  bubbler  tip  when  oxygen  is  absorbed  by  an  alkaline  pyro¬ 
gallate  solution  is  a  function  of  the  partial  pressure  of  the  oxygen. 
The  tip  does  not  clog  with  air,  but  does  clog  with  repeated  suc¬ 
cessive  adsorptions  of  nearly  pure  oxygen.  The  clogging  pre¬ 
cipitate  dissolves  on  standing.  Hence,  the  inferred  limit  of  ca¬ 
pacity  is  not  representative  of  general  or  even  good  practice. 
We  always  dilute  oxygen  with  known  amounts  of  nitrogen  to 
keep  the  CO  yield  low  enough  to  avoid  significant  error.”  The 
authors  would  like  to  add  that  the  clogging  is  a  function  of  the 
type  of  bubbler  tip  as  well  as  of  the  partial  pressure  of  the  oxygen. 

Chromous  chloride,  2  M,  in  2  M  acetic  acid  has  a  capacity  of 
about  11  volumes  of  oxygen  per  volume  of  reagent  and  is  effec¬ 
tive  as  long  as  there  is  sufficient  chromous  ion  to  react  with  the 
oxygen.  It  absorbs  molecular  oxygen  at  many  times  the  rate 
characteristic  alkaline  pyrogallate  as  shown  by  Stone  (18). 
There  is  no  dropping  off  in  the  rate  of  absorption  with  decreasing 
concentration  until  the  reagent  is  exhausted.  Solubilities  indi¬ 
cate  that  a  3.5  to  4.0  M  chromous  chloride  solution  is  possible 
with  correspondingly  higher  oxygen  capacities,  though  the 
authors  have  not  investigated  the  action  of  solutions  above 
2.5  M  in  chromous  chloride. 

The  strongly  alkaline  pyrogallate  tends  to  etch  the  glassware 
and  to  freeze  the  stopcocks,  a  difficulty  not  encountered  in  the 
use  of  chromous  solutions. 

Chromous  solutions  tend  to  liberate  hydrogen  gas  unless  the 
hydrogen-ion  concentration  is  kept  low.  Though  pyrogallate 
does  not  liberate  any  gas  on  standing,  carbon  monoxide  may 
be  produced  during  the  oxygen  absorption  reaction. 

The  chromous  reagent  has  the  advantage  of  being  useful  for 
the  separation  of  oxygen  from  acid  gases  such  as  carbon  dioxide 
or  hydrogen  sulfide.  The  alkaline  pyrogallate  could  not  be  used 
with  acid  gases  but  would  be  useful  in  separating  oxygen  from 
ammonia. 

The  alkaline  pyrogallate  is  simpler  to  prepare,  especially  when 
compared  to  the  older  methods  for  chromous  solution.  However, 
the  ease  and  rapidity  with  which  the  chromous  solution  may  be 
prepared  by  passage  of  the  solution  through  zinc  amalgam  leave 
but  a  very  limited  advantage  to  the  pyrogallate  in  this  respect. 

PREPARATION  OF  CHROMOUS  CHLORIDE-ACETIC  ACID  REAGENT 

Weigh  the  calculated  amount  of  green  crystals  of  chromic 
chloride  hexahydrate  to  make  the  desired  volume  of  a  2  M  solu¬ 
tion.  The  commercial  product  bears  the  formula  CrCl3.XH20 
and  one  may  assume  that  X  represents  6.  Dissolve  the  crystals  in 
2  M  acetic  acid  without  heating  and  make  up  to  the  desired  vol¬ 
ume  with  additional  2  M  acetic  acid. 

Next  force  the  solution  upward  by  air  or  other  gas  pressure 
through  a  0. 1  %  mercury-zinc  amalgam  into  the  absorption  pipet, 
as  recommended  by  Stone  and  Beeson  (19).  There  should  be  a 
compact  glass  wool  plug  in  the  exit  end  of  the  reductor  to  pre¬ 
vent  fine  particles  of  the  amalgam,  buoyed  up  by  adhering 
bubbles  of  hydrogen,  from  passing  into  the  pipet. 

A  satisfactory  0.1%  mercury  zinc  amalgam  (21)  may  be  prepared 
as  follows:  240  grams  of  20-mesh  zinc  are  cleaned  by  immersing  in 
100  ml.  of  about  3  M  hydrochloric  acid  for  half  a  minute.  The 
acid-zinc  mixture  is  then  added  to  100  ml.  of  0.013  M  mercuric 
chloride  solution  (5  ml.  of  mercuric  chloride  solution  saturated 
at  25°  diluted  to  100  ml.)and  stirred  rapidly  for  about  3  minutes. 
The  amalgam  is  then  washed  and  transferred  to  the  reductor 


tube.  The  air  in  the  reductor  tube  may  be  displaced  by  water 
and  this  by  the  green  chromic  chloride-acetic  acid  solution. 
When  a  clear  blue  chromous  solution  appears  at  the  exit  of  the 
reductor,  the  latter  is  connected  to  the  absorption  pipet  and  the 
solution  forced  through  the  reductor  at  a  rate  of  100  to  150  ml. 
per  minute.  Improperly  amalgamated  zinc  or  exhausted  amal¬ 
gam  will  not  yield  the  clear  blue  solution  characteristic  of  the 
practically  100%  yield  of  the  desired  chromous  solution. 

One  should  not  conclude  from  the  results  reported  in  this 
paper  that  equally  accurate  values  will  be  obtained  when  the 
acid-chromous  reagent  is  used  in  the  conventional  unthermo- 
stated  apparatus  with  samples  of  varying  composition.  How¬ 
ever,  with  the  information  presented  in  this  paper  at  hand  the 
analyst  may  readily  determine  the  precautions  which  must  be 
taken  with  whatever  type  of  gas  he  may  be  using  in  order  to  ob¬ 
tain  the  accuracy  which  is  required. 


CONCLUSIONS 

Acetic  acid  solutions  of  chromous  chloride  provide  an  excellent 
reagent  for  the  quantitative  absorption  of  gaseous  oxygen.  The 
difficulties  of  preparation,  the  displacement  of  nitrogen  carrier 
gas,  and  the  evolution  of  hydrogen  may  be  recognized  and  avoided 
by  applying  the  principles  indicated.  This  reagent  is  equal  in 
most  respects  and  superior  in  others  to  the  widely  used  alkaline 
pyrogallate.  Its  principal  advantages  lie  in  its  greater  rapidity 
of  oxygen  absorption,  in  its  freedom  from  the  etching  and  foaming 
effects  encountered  in  the  use  of  pyrogallate  solution,  and  in  the 
fact  that  it  is  acid  in  reaction,  affording  an  opportunity  for  the 
separation  of  oxygen  from  acid  gases.  A  noteworthy  value  for  the 
average  percentage  of  oxygen  in  the  atmosphere  is  given  and  ap¬ 
paratus  and  directions  for  an  accurate  determination  of  this 
value  are  described. 
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State  of  Vitamin  A  in  Fish  Liver  Oils 

HENRY  M.  KASCHER  AND  JAMES  G.  BAXTER 
Research  Laboratories,  Distillation  Products,  Inc.,  Rochester,  N.  Y. 


A  study  has  been  made  of  the  proportion  of  the  vitamin  A  in  a 
number  of  fish  liver  oils  and  distilled  vitamin  A  ester  concentrates 
which  occurs  in  the  ester  and  free  alcohol  form.  The  analytical 
methods  used  included  distribution  between  petroleum  ether  and 
83%  aqueous  ethanol  by  the  procedure  of  Embree  and  Kuhrt,  and 
analytical  molecular  distillation.  The  assays  indicated  that  95%  or 
more  of  the  vitamin  A  was  present  as  esters.  Little  or  no  free 
vitamin  A  alcohol  was  found.  The  fluorescence  method  for  esti¬ 
mating  vitamin  A  esters,  proposed  by  Sobotka,  Kann,  and  Winter- 
nitz,  has  been  examined.  Their  procedure  indicated  that  large 
amounts  of  free  vitamin  A  alcohol  are  present  in  fish  liver  oils  and 
distilled  concentrates.  The  authors'  results  indicate  that  this  con¬ 
clusion  is  incorrect  because  the  fluorescence  method  described  is 
unsuitable  for  this  determination  in  fish  liver  oils  and  distilled  con¬ 
centrates.  The  possibility  of  developing  an  improved  fluorescence 
procedure  is  discussed. 

A  LARGE  number  of  molecular  distillations  done  in  this 
laboratory  have  indicated  that  the  vitamin  A  in  fish  liver 
oils  and  in  their  distilled  vitamin  A  ester  concentrates  is  nearly 
all  in  combined  form,  being  esterified  with  the  higher  saturated 
and  unsaturated  fatty  acids.  Less  than  5%  of  the  total  has 
been  found  in  the  free  or  alcohol  form.  Recently,  however,  a 
method  for  determining  vitamin  A  esters  in  fish  liver  oils  by 
fluorescence  measurements  has  been  described  (3),  from  which  it 
appeared  that  large  amounts  of  the  alcohol  occur  in  U.S.P. 
reference  oil,  halibut  liver  oil,  oleum  percomorphum,  and  dis¬ 
tilled  ester  concentrates.  This  discrepancy  has  induced  the 
authors  to  determine  the  percentage  of  the  total  vitamin  A 
occurring  as  esters  in  these  and  other  fish  liver  oils  using  the 
older,  well  tested  analytical  methods  and  also  the  more  recent 
fluorescence  procedure. 

METHOD  I.  DISTRIBUTION  BETWEEN  SOLVENTS 

The  first  method  studied  was  that  of  distribution  between 
petroleum  ether  and  83%  aqueous  ethanol.  By  distribution  of 
fish  liver  oils  and  their  nonsaponifiable  matter  between  immiscible 
solvents  it  was  concluded  (7)  that  the  vitamin  A  in  fish  liver  oils 
is  substantially  all  esterified.  Quantitative  procedures  for  deter¬ 
mining  the  proportion  of  the  vitamin  A  esterified  in  fish  liver  oils 
( 6 )  and  in  blood  (2)  have  since  been  described. 

The  modified  method  used  in  this  work  was  developed  by  N.  D. 
Embree  and  N.  H.  Kuhrt  of  this  laboratory,  to  whom  the  authors 
are  indebted  for  permission  to  describe  a  hitherto  unpublished 
procedure  which  is  used  routinely  here.  It  is  based  on  the 
multiple  extraction  of  a  petroleum  ether  solution  of  the  oil  sample 
with  83%  aqueous  ethanol  (by  volume).  After  five  extractions 
of  crystalline  vitamin  A  alcohol  97%  was  found  in  the  combined 
ethanol  extracts.  Similar  experiments  on  a  distilled  concentrate 
indicated  that  3%  of  the  vitamin  A  esters  were  extracted. 
Repetition  on  a  refined  cottonseed  oil  solution  of  crystalline 
vitamin  A  palmitate  showed  that  3%  of  the  ester  passed  into  the 
ethanol  extract.  The  following  analytical  procedure  was  based 
on  these  observations. 

A  weighed  sample  of  fish  liver  oil  or  concentrate  containing  a 
total  of  about  20,000  units  of  vitamin  A  is  dissolved  in  20  ml.  of 
petroleum  ether  (Skellysolve  F)  in  an  amber  glass  separatory  fun¬ 
nel  (125  ml.).  This  solution  is  extracted  five  times  with  20-ml. 
portions  of  83%  ethanol  (83  ml.  of  absolute  ethanol  plus  17  ml.  of 
water)  which  has  been  previously  saturated  with  petroleum  ether. 
The  two  phases  are  shaken  together  for  at  least  one  minute  in 
each  extraction. 


The  five  ethanol  extracts  are  combined  and  the  volume  is 
adjusted  to  100  ml.  A  suitable  aliquot  (2  ml.  if  a  high  ester  con¬ 
tent  is  expected  in  the  sample)  is  evaporated  at  40°  in  a  current  of 
nitrogen  in  an  Evelyn  colorimeter  tube  and  the  residue  is  dis¬ 
solved  in  1  ml.  of  chloroform  for  assay  by  the  antimony  tri¬ 
chloride  reagent  (3) . 

The  petroleum  ether  layer  is  adjusted  to  a  volume  of  100  ml, 
and  a  further  dilution  (usually  1  to  10)  is  made.  One  milliliter  of 
this  final  dilution  is  evaporated  under  nitrogen  in  an  Evelyn 
colorimeter  tube.  The  residue  in  1  ml.  of  chloroform  is  assayed 
by  the  blue  color  method. 

This  method  was  standardized  by  a  distilled  concentrate  whose 
biological  potency  (units  per  gram)  had  been  calculated  by 
multiplying  the  extinction  coefficient  ( E  J  Lfm  328  m/t)  by  the  con¬ 
version  factor  of  2000.  A  calibration  curve  was  constructed 
relating  galvanometer  readings  to  units  in  the  aliquot  tested. 

Since  3%  of  the  vitamin  A  alcohol  remains  in  the  petroleum 
ether  layer  and  3%  of  the  esters  are  extracted  by  the  83%  ethanol, 
the  number  of  units  of  esters,  E ,  and  of  alcohol.  A,  in  the  sample 
can  be  calculated  by  the  formulas: 

E  =  1.032.7  -  0.032* 

A  =  1.032*  -  0.032?/ 

where  *  =  total  units  in  ethanol  phase 

y  =  total  units  in  petroleum  ether  phase 

The  percentage  of  the  vitamin  A  esterified  in  the  sample  is 
calculated  by  the  formula: 

„  .  .  ,  1001? 

%  vitamin  A  esters  =  ^  ■g 

The  presence  of  esters  of  low  molecular  weight,  such  as  the 
acetate,  would  lead  to  error  in  using  these  formulas,  since  their 
distribution  properties  are  different.  Molecular  distillation  of 
many  fish  liver  oils,  however,  has  indicated  that  only  the  higher 
fatty  acid  esters  of  vitamin  A  are  present. 

Using  this  procedure  12  fish  liver  oils  and  3  distilled  concen¬ 
trates  of  varying  potencies  were  analyzed  (Table  I). 

In  the  oils  and  distilled  concentrates  examined,  95%  or  more 
of  the  vitamin  was  esterified.  The  accuracy  of  the  method  was 
tested  by  adding  the  pure  alcohol  to  halibut  liver  oil  and  to  dis¬ 
tilled  concentrate.  Assay  of  the  mixtures  (Table  I)  indicated 
that  the  method  is  accurate  to  within  5%. 


Table  I.  Vitamin  A  Ester  Analyses  by  Petroleum  Ether-83% 


Ethyl  Alcohol  Distribution 

Liver  Oil 

Potency 

Esters  Found 

Units/ g. 

% 

Halibut  No.  2 

Fish  Liver  Oils 

62,800 

98 

Oleum  percomorphum 

68,400 

100 

U.S.P.  reference  cod 

1,700“ 

100 

Ling  cod 

57,400 

99 

Soupfin  shark 

95,400 

100 

Barracuda  shark 

28,600 

99 

Mexican  shark 

64,000 

99 

Whale 

6,000 

100 

Hake 

6,700 

100 

Pollack 

3,500 

100 

Tuna 

6,750 

96 

Dogfish 

13,000 

97 

Halibut  No.  2  -f  crystalline 
vitamin  A  alcohol  (52% 

of  total  vitamin  A) 

129,500 

50 

Distilled  Concentrates 

(48  calcd.) 

1 

192,000 

100 

2 

534,000 

99 

3 

59,200 

100 

1  +  crystalline  vitamin  A 

alcohol  (10%  of  total  A) 

211,000 

90 

(90  calcd.) 

a  By  definition. 


499 


500 
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Figure  1.  Elimination  Curves 

- Distilled  concentrate,  200,000  units  per  gram 

-  Same  plus  vitamin  A  alcohol,  8.3%  of  total  vitamin  A 


Table  II.  Vitamin  A  Ester  Assays  by  Elimination  Curve  Method 


Ester 

Recovery  of  Vitami 

Liver  Oil 

Found 

A  in  Distillation 

% 

% 

Fish  Liver  Oils 

Halibut  No.  2 

95 

92 

Oleum  percomorphum 

97 

99 

U.S.P.  reference  cod 

98 

90 

Halibut  No.  2  +  crystalline 

51 

109 

alcohol  (48%  of  total  A) 

(48  ealcd.) 

Distilled  Concentrates 

1 

97 

95 

2 

98 

99 

3 

97 

104 

1  +  crystalline  alcohol 

94 

98 

(5%  of  total  A) 

(95  calcd.) 

1  +  crystalline  alcohol 

80 

99 

(21%  of  total  A) 

(79  calcd.) 

METHOD  II.  MOLECULAR  DISTILLATION 

This  conclusion  was  confirmed  by  assaying  the  fish  liver  oils 
by  a  second,  independent  method,  developed  by  Hickman  (5) 
and  Gray  and  Cawley  (4)  ■  The  basis  of  the  method  is  illustrated 
in  Figure  1,  which  gives  the  elimination  curves  for  a  distilled 
vitamin  A  ester  concentrate  and  for  the  concentrate  containing 
sufficient  added  crystalline  alcohol  to  constitute  8.3%  of  the 
total  vitamin  present.  The  abscissa  gives  the  elimination  or  dis¬ 
tillation  temperature;  the  ordinate  gives  the  percentage  of  the 
total  vitamin  distilling  at  that  temperature. 

The  curve  for  the  distilled  concentrate  shows  the  characteristic 
ester  peak  at  about  210°  with  no  indication  of  an  alcohol  peak  at 
127°  C.  In  the  sample  containing  added  alcohol  the  peak  due  to 
this  substance  is  evident.  The  curves  illustrate  the  ease  with 
which  vitamin  A  alcohol  can  be  detected  by  molecular  distillation 
and  indicate  that  substantially  none  was  present  in  the  distilled 
concentrate. 

The  elimination  curve  for  halibut  liver  oil  (Figure  2)  likewise 
indicated  that  only  a  small  percentage  of  the  vitamin  was  there 
as  the  alcohol. 

By  assuming  that  all  the  vitamin  A  distilling  above  150°  is  in 
the  ester  form,  which  is  a  close  approximation,  it  was  possible  to 
determine  quantitatively  the  content  in  a  series  of  fish  liver  oils. 
Constant  yield  and  residue  oil  were  used  and  the  distillation  was 
standardized  with  the  pilot  dye,  Celanthrene  Red.  Assays  were 
done  by  the  antimony  trichloride  method  because  of  extraneous 


absorption  at  328  m^  in  the  diluent  oils.  The  percentage  of 
vitamin  occurring  as  ester  in  the  sample  was  calculated  by  the 
formula: 

%  vitamin  A  ester  = 

recovered  units  of  vitamin  distilling  at  150°  to  270°  C. 
recovered  units  distilling  at  100°  to  270° 

The  results  for  the  fish  liver  oils  in  question  and  for  three  dis¬ 
tilled  concentrates  are  given  in  Table  II. 

Again  it  was  found  that  95%  or  more  of  the  vitamin  A  was 
esterified.  The  accuracy  of  the  method  was  tested  by  recovery 
experiments  with  the  crystalline  alcohol  added  to  halibut  liver 
oil  and  distilled  concentrate.  It  appeared  (Table  II)  that  the 
procedure  is  accurate  to  within  about  5%. 

METHOD  III.  CHROMATOGRAPHIC  ADSORPTION 

Assays  by  a  third  independent  method  have  supported  the 
conclusion  that  substantially  ail  the  vitamin  A  in  fish  liver  oils  is 
esterified.  Reed  and  co-workers  ( 6 )  recently  found  by  a  chro¬ 
matographic  adsorption  method  that  94%  of  the  vitamin  in  a 
sample  of  halibut  liver  oil  and  98%  in  a  sample  of  distilled  con¬ 
centrate  was  present  as  ester.  Similar  results  have  been  obtained 
in  this  laboratory  using  essentially  the  procedure  described  in  the 
reference. 

ASSAY  BY  FLUORESCENCE 

Background.  Sobotka,  Kann,  and  Winternitz  (5)  on  the 
basis  of  fluorescence  measurements  reached  an  entirely  different 
conclusion — viz.,  that  only  about  60%  of  the  vitamin  A  in  U.S.P. 
reference  oil,  halibut  liver  oil,  and  oleum  percomorphum  is  esteri¬ 
fied.  Only  about  80%  of  the  vitamin  A  in  distilled  concentrate 
was  apparently  there  as  ester.  The  authors  have  described  con¬ 
siderable  experimental  evidence  which  indicates  that  these  con¬ 
clusions  are  incorrect. 

The  fluorescence  procedure  was  founded  on  the  observation 
that  vitamin  A  esters  fluoresce  strongly  in  ethanol  while  the  alco¬ 
hol  is  only  weakly  fluorescent.  Thus,  by  using  the  crystalline 
acetate  and  alcohol  as  standards  it  was  possible  to  construct 
calibration  curves  from  which  the  apparent  percentage  of  the 
vitamin  esterified  in  fish  liver  oils  could  be  calculated  from  the 
potency  and  the  fluorescence  intensity  of  the  oil.  It  appeared 
to  the  present  authors  that  at  least  two  conditions  had  to  be 
satisfied  to  use  this  procedure  successfully:  (1)  on  an  equiva¬ 
lent  basis  the  vitamin  A  esters  in  fish  liver  oils  had  to  have  the 
same  fluorescence  intensity  as  the  acetate;  (2)  any  difference  be¬ 
tween  the  equivalent  fluorescence  intensity  of  the  oil  and  of  the 
acetate  had  to  be  due  to  the  presence  of  the  alcohol. 

Evidence  presented  by  Sobotka  and  co-workers  appeared  to 
indicate  that  the  first  condition  was  satisfied.  From  measure¬ 
ments  on  vitamin  A  palmitate,  myristate,  and  laurate  the  authors 
concluded  that  the  equivalent  fluorescence  of  saturated  fatty  acid 
esters  of  vitamin  A  was  the  same  as  that  of  the  acetate.  From 
measurements  on  a  specimen  of  the  linoleate  it  was  concluded 
that  the  unsaturated  esters  have  lower  equivalent  fluorescence 
intensities  than  the  acetate,  but  that  this  can  be  compensated 
for  by  a  correction  factor  of  about  5%.  No  evidence  was  pro¬ 
vided  to  indicate  that  the  second  condition  was  satisfied. 

The  authors  have  repeated  many  of  these  fluorescence  measure¬ 
ments  in  this  laboratory. 

Instrument.  A  Lumetron  (Model  402-EF)  fluorophotometer 
was  used  with  a  constant-voltage  transformer  in  the  instrument 
circuit.  During  operation  ultraviolet  light  from  a  mercury 
vapor  lamp  (Mazda,  100-watt,  S-4,  cooled  with  fan)  is  rendered 
parallel  by  an  optical  system  and  passed  through  a  primary  filter 
(Corning  No.  5840  or  584,  2.55-mm.  thickness)  having  maximum 
transmission  at  360  m,u.  The  fluorescence  exciting  beam  is  then 
split  into  two  parts.  One  part  enters  the  sample  holder  or  cuvette 
(25-ml.  capacity,  22  X  37  X  47  mm.).  The  fluorescent  light 
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Figure  2.  Elimination  Curve  for  Vitamin  A  Esters  in 
Halibut  Liver  Oil 


generated  is  filtered  through  two  secondary  filters  (Corning  No. 
3389  or  038,  1.43-mm.  thickness)  and  registered  on  twin  barrier- 
layer  photocells.  The  other  part  of  the  beam  is  passed  through  a 
reduction  plate  (the  authors  used  a  No.  7)  and  deflected  by  a 
mirror  to  the  balance  photocell  which  can  be  turned  through  90° 
and  was  maintained  at  a  45°  angle  during  the  work.  The  balance 
photocell  and  the  two  measuring  photocells  are  connected  in  a 
bridge  circuit  with  a  slide-wire  resistance  and  with  a  galvanometer 
(General  Electric  Co.  multiple  reflection,  high  sensitivity)  as  the 
zero  indicator.  The  intensity  of  the  fluorescence  varies  linearly 
with  the  slide-wire  resistance  which  is  calibrated.  The  sensitivity 
of  the  instrument  with  standard  quinine  sulfate  (1.0  microgram 
per  ml.  concentration)  averaged  18  galvanometer  divisions  per 
slide-wire  division. 

Materials.  Halibut  liver  oils  1  and  2  and  oleum  percomor- 
phum  were  commercial  samples  obtained  locally.  The  U.S.P. 
reference  oil  was  a  freshly  opened  sample. 

The  synthetic  vitamin  A  esters  assayed  were  prepared  by  C.  D. 
Robeson  of  this  laboratory.  Their  properties  wil  1  be  described  else¬ 
where.  The  acetate,  heptylate,  myristate,  palmitate,  and  suc¬ 
cinate  esters  were  purified  by  crystallization.  The  others  were 
not  crystallized  but  were  purified  by  chromatography. 

Absolute  ethanol  (Industrial  Chemicals,  Inc.)  was  the  solvent 
<  used  in  the  work.  Undistilled  selected  samples  frequently  had 
low  fluorescence  values  (slide-wire  readings  =  2  or  less)  and 
were  used  directly.  Other  samples,  however,  had  a  marked  blue 
fluorescence.  In  this  case  fractionation  through  a  packed 
column  after  refluxing  over  silver  nitrate  and  potassium  hydroxide 
reduced  the  reading  to  a  suitably  low  value  (1.0). 

Quinine  sulfate  (concentration  1.0  microgram  per  ml.  in  0.1  N 
sulfuric  acid)  was  used  as  a  secondary  standard. 

Procedure.  The  following  sequence  was  employed  in  deter¬ 
mining  fluorescence. 

1.  The  instrument  was  adjusted  to  give  a  slide-wire  reading  of 
100  for  standard  quinine  sulfate  solution.  A  volume  of  25  ml. 
was  used  in  cell  1. 

2.  The  instrument  was  set  to  give  a  slide-wire  reading  of  zero 
for  0.1  N  sulfuric  acid  in  cell  1. 

3.  The  slide-wire  reading  for  ethanol  was  determined  in  cell  2. 
This  cell  was  chosen  to  have  the  same  transmission  and  fluores¬ 
cence  properties  as  cell  1.  Two  cells  were  used  to  avoid  decom¬ 
position  of  the  vitamin  by  traces  of  acid. 

4.  The  fluorescence  of  the  sample  in  ethanol  was  determined 
in  cell  2.  Measurements  were  made  over  time  intervals  varying 
from  about  6  minutes  (vitamin  A  concentration  calculated  as 
alcohol,  0.25  microgram  per  ml.)  to  25  minutes  (concentration, 
3.0  micrograms  per  ml.).  All  concentrations  reported  in  the 
fluorescence  section  of  this  paper  are  calculated  in  terms  of  the 
alcohol.  The  fluorescence  of  the  fatty  acid  esters  rose  to  a 
maximum  and  then  decreased  while  the  fluorescence  of  the  alcohol 
was  less  and  declined  steadily  from  its  initial  value  (Figure  3). 
The  authors’  findings  thus  confirm  those  of  Sobotka,  Kann,  and 
Loevvenstein  (S).  Slide-wire  readings  were  taken  until  the  value 
at  the  maximum  was  determined.  The  difference  between  the 


maximum  slide-wire  value  for  the  sample  and  for  the  blank  eth¬ 
anol  gave  the  corrected  reading  for  the  solution. 

5.  The  slide-wire  reading  for  the  standard  was  redetermined 
and  if  within  2%  of  its  original  value  the  reading  for  the  test 
sample  was  considered  acceptable. 

Considerable  difficulty  was  experienced  at  first  in  maintaining 
readings  for  the  standard  which  were  as  steady  as  this.  The 
authors  have  been  informed  that  this  difficulty  is  also  experienced 
with  other  fluorophotometers.  Substitution  of  the  S-4  tube  for 
the  Uviarc  originally  supplied  with  the  instrument  was  helpful 
Certain  sites  in  the  laboratory  were  preferable  to  others.  The 
instrument  varied  in  steadiness  during  the  day  and  selection  of 
the  best  time  to  make  the  measurements,  was  frequently  neces¬ 
sary.  A  grounded  wire  screen  about  the  instrument  did  not 
seem  to  help.  No  single  cause  was  found  for  the  disturbances, 
but  attention  to  each  of  the  factors  described  eventually  reduced 
them  to  the  point  where  few  readings  needed  to  be  discarded. 

6.  The  fluorescence  of  vitamin  A  acetate  was  determined  at 
least  once  daily  at  one  or  two  concentrations  (always  at  0.5 
microgram  per  ml.,  frequently  at  3.0  micrograms  per  ml.)  and 
used  as  a  primary  standard  during  the  work. 

7.  The  concentration  of  vitamin  in  the  test  solution  was  deter¬ 
mined  spectrophotometrically  using  the  Beckman  instrument 
This  method  was  employed  rather  than  the  antimony  trichloride 
procedure,  also  used  routinely  in  the  laboratory,  since  experience 
has  indicated  that  the  spectrophotometer  gives  more  reliable 
assays  for  fish  liver  oils  and  distilled  concentrates  having  potencies 
greater  than  50,000  units  per  gram.  Sobotka  and  co-workers, 
however,  used  the  blue  color  method  exclusively.  To  determine 

.  the  effect  of  this  in  calculating  fluorescence  intensities,  the  authors 
assayed  vitamin  A  acetate,  palmitate,  halibut  liver  oils  1  and  2, 
oleum  percomorphum,  and  distilled  concentrate  by  both  pro¬ 
cedures.  The  deviation  of  the  antimony  trichloride  from  the 
spectrophotometric  assays  was,  respectively,  0,  +3,  —3,  —7,  —3. 
and  0%.  This  agreement  is  sufficiently  good  so  that  the  conclu¬ 
sions  drawn  in  the  paper  should  hold  for  assays  done  by  either 
procedure.  To  obtain  close  agreement  it  may  be  necessary  to 
check  the  blue  color  calibration  curve  repeatedly  during  the  work 

In  the  spectrographic  assays,  fish  liver  oils  were  dissolved  in 
ethanol  to  give  concentrations  suitable  for  the  spectrophotometer 
(approximately  3.0  micrograms  per  ml.).  An  aliquot  of  each 
solution  was  immediately  assayed.  The  stock  solutions  were  then 
diluted  to  give  the  concentrations  desired  for  the  fluorophot.o- 
metric  measurements. 


Time,  Minutes 

Figure  3.  Variation  of  Fluorescence  Intensity  (Ff)  with  Time 


Concentration,  approximately  0.5  microgram  per  ml. 

1.  Crystalline  vitamin  A  acetate 

2.  Vitamin  A  alcohol 

Calculations.  No  system  has  yet  been  generally  adopted  for 
the  quantitative  expression  of  fluorophotometric  data.  Since 
some  way  of  comparing  the  fluorescence  of  preparations  contain¬ 
ing  different  esters  was  needed,  the  following  system  was  devised. 

Slide-wire  readings  made  with  the  Lumetron,  as  previously 
stated,  vary  linearly  with  the  amount  of  fluorescent  light  falling 
on  the  photocells.  Furthermore,  within  limits,  the  intensity  of 
fluorescence  of  vitamin  A  is  proportional  to  the  concentration. 
Thus,  within  these  limits,  if  the  instrument  is  standardized — 
e.g.,  by  quinine  sulfate  at  a  concentration  of  1.0  microgram  per 
ml. — the  quotient  of  the  slide-wire  reading  at  maximum  fluores¬ 
cence  and  the  vitamin  A  concentration  (calculated  as  alcohol) 
should  be  constant.  The  quotients  for  two  preparations  are  then 
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proportional  to  their  fluorescence  intensities.  The  authors  have 
used  in  the  text  the  term  “equivalent  fluorescence”,  Ft,  to  desig¬ 
nate  this  quotient.  Therefore: 

„  0.1755 

F •  =  ~eT 

where  S  =  maximum  slide-wire  reading  for  the  preparation  in 
ethanol 

E  =  extinction  coefficient  328  mu)  of  the  prepara¬ 

tion.  The  coefficient  for  vitamin  A  alcohol  at  328 
m/x  is  taken  as  1750 

p  =  %  by  weight  of  the  preparation  in  ethanol 

Concentration  Range  for  Linear  Response.  The  authors’ 
work  indicates  that  the  fluorescence  intensity  of  vitamin  A  fatty 
acid  esters  in  ethanol  varies  linearly  with  the  concentration 
within  the  approximate  range  0.025  to  0.55  microgram  per  ml. 
(calculated  as  alcohol).  The  data  of  Sobotka,  Kann,  and 
Loewenstein  for  the  acetate  support  this  conclusion  (8)  and 
suggest  that  the  operating  characteristics  of  their  instrument 
(made  by  Pfaltz  and  Bauer,  Inc.)  are  similar  to  the  authors’. 


Concentration,  microsram  per  ml. 

Figure  4.  Variation  of  Fluorescence  Intensity  with  Vitamin  A 
Concentration 

1 .  Vitamin  A  acetate 

2.  Vitamin  A  palmitate 

3.  Mixed  vitamin  A  esters  ol  halibut  liver  oil 


A  plot  illustrating  this  linear  relation  for  the  acetate,  palmitate, 
and  vitamin  A  esters  in  halibut  liver  oil  is  given  in  Figure  4.  In 
this  range  F,  is  independent  of  the  concentration.  At  higher 
concentrations  Ft  decreased  so  that  at  a  concentration  of  3.0 
micrograms  per  ml.  the  value  for  the  acetate  was  only  65%  of  the 
value  in  the  linear  range.  The  authors  believe  that  a  comparison 
of  the  fluorescence  of  vitamin  A  preparations  can  best  be  made  in 
the  Unear  range  and  the  conclusions  drawn  in  this  paper  are 
principally  based  on  such  measurements.  It  is  shown  below  that 
anhydro  vitamin  A  may  interfere  with  fluorescence  measurements 
made  at  higher  concentrations. 

Errors.  Accurate  determinations  of  the  equivalent  fluores¬ 
cence  of  vitamin  A  preparations  are  difficult  to  obtain  at  present. 
An  assay  of  a  fish  liver  oil  is  likely,  from  the  authors’  experience, 
to  be  in  error  by  5%  or  more,  depending  on  the  potency.  This 
includes  the  error  of  physical  measurement  and  that  due  to 
spurious  absorption  at  328  m/z  in  the  sample.  It  seems  probable 
that  the  error  in  a  single  fluorophotometric  measurement  is  as 
large.  In  addition,  errors  may  occur  in  preparing  the  extremely 
dilute  solutions  used.  It  is  thus  not  surprising  that  the  fluores¬ 
cence  of  even  highly  purified  preparations  varies  apparently  from 
day  to  day.  For  example,  twenty-two  independent  determina¬ 
tions  on  vitamin  A  acetate  during  a  2-month  period  gave  F, 
values  varying  from  43.9  to  56.9.  The  average  value  was  51.7 
with  a  standard  deviation  of  ±3.4.  The  errors  appeared  to  be 
systematic  to  a  large  extent.  Thus  the  daily  ratio  of  the  F,  value 
for  the  acetate  and  palmitate  over  a  period  of  time  varied  much 
less  than  the  individual  values  for  each  ester. 

To  minimize  these  difficultly  avoidable  errors  the  averages  of  as 
many  independent  determinations  as  possible  have  been  reported 
(Tables  III  and  IV).  Account  was  taken  of  the  systematic  na¬ 
ture  of  the  errors  by  calculating  each  ratio  in  the  tables  from  the 
F,  value  for  the  acetate  obtained  on  the  day  the  other  preparation 


was  assayed  rather  than  by  using  an  average  value  of  F.  for  the 
acetate.  The  average  of  the  indicated  number  of  determinations 
made  was  then  calculated. 

FLUORESCENCE  OF  HALIBUT  LIVER  OIL  DISTILLATES 

This  fluorophotometric  procedure  was  used  to  determine  how 
well  the  two  conditions  considered  necessary  for  the  successful 
assay  of  vitamin  A  esters  by  the  method  of  Sobotka  et  al.  ( 9 )  were 
satisfied. 

The  preparations  used  consisted  of  halibut  liver  oil  and  frac¬ 
tions  obtained  by  molecular  distillation,  taking  cuts  at  20°  inter¬ 
vals  from  180°  to  240°.  In  Table  III,  Column  4,  is  given  the 
equivalent  fluorescence,  F„  for  the  preparations.  Column  5 
gives  the  quotient  X  100  of  the  F,  value  for  the  fraction  and  for 
the  acetate.  Column  5  thus  gives  the  approximate  apparent 
percentage  of  the  vitamin  present  in  esterified  form,  by  fluores¬ 
cence,  using  the  acetate  as  a  standard.  The  error  introduced  by 
neglecting  the  fluorescence  of  the  alcohol  is  small. 

The  undistilled  halibut  oil  appeared  to  contain  only  63%  of 
the  vitamin  A  as  ester  by  this  method,  which  agrees  closely 
with  the  value  of  about  60%  reported  by  Sobotka  et  al.  This 
value  is  of  course  entirely  out  of  line  with  assays  made  by 
the  three  independent  methods  described,  but  for  the  moment 
we  shall  assume  that  it  is  correct.  If  halibut  liver  oil  does 
contain  40%  of  the  vitamin  A  as  alcohol  the  first  distillate 
fraction  should  assay,  by  fluorescence,  nearly  100%  alcohol 
since  this  substance  distills  at  low  temperatures.  Actually 
the  first  fraction  appeared  to  contain  only  slightly  less 
esterified  vitamin  (60%)  than  the  original  oil.  Furthermore, 
subsequent  distillate  fractions  which  would  be  stripped  free 
of  the  alcohol  never  assayed  100%  ester. 

It  therefore  appears  that  the  low  equivalent  fluorescence 
exhibited  by  vitamin  A  in  halibut  liver  oil  is  not  due  to  the 
presence  of  the  alcohol.  The  similar  Fc  values  for  other 
fish  liver  oils  (Table  IV,  A)  suggests  that  this  conclusion  also 
holds  for  them. 

The  reason  why  halibut  liver  oil  has  a  low  Fe  value  was 
next  investigated.  It  was  found  that  one  important  reason 
for  this  is  that  vitamin  A  esters  like  or  similar  to  those  oc¬ 
curring  in  halibut  liver  oil  have  intrinsically  lower  equiva¬ 
lent  fluorescence  intensities  than  the  acetate.  The  Fe  value 
for  the  palmitate  (Table  III)  was  only  79%  of  that  of  the 
acetate.  The  value  for  an  ester  synthesized  from  the  crys¬ 
talline  alcohol  and  the  mixed  fatty  acids  from  saponified 
halibut  oil  (iodine  value  =  143)  and  for  an  ester  prepared 
from  the  same  acids  after  catalytic  hydrogenation  with  plati¬ 
num  oxide  (iodine  value  =  6.3)  was  only  87%  of  that  of  the 
acetate. 

Thus,  neither  of  the  two  basic  conditions  the  authors  consider 
necessary  to  make  successful  the  fluorescence  assay  method  of 
reference  (9)  appeared  to  be  satisfied.  The  vitamin  A  esters  in 
the  fish  liver  oils  investigated  did  not  have  the  same  equivalent 
fluorescence  as  the  acetate.  The  examination  of  halibut  liver  oil 
distillates  indicated  that  their  lower  fluorescence  was  not  due  to 
the  presence  of  the  alcohol.  It  therefore  appears  that  the  method 
in  its  described  form  is  unsuitable  for  determining  the  percentage 
of  esterified  vitamin  A  in  fish  liver  oils  and  distilled  concentrates. 

The  authors  believe  that  a  satisfactory  fluorescence  method 
might  be  developed  by  using  a  different  standard  than  the  acetate, 
especially  if  it  were  used  on  high  potency  fiver  oils.  The  accuracy 
and  simplicity  of  the  solvent  distribution  methods  now  available, 
however,  make  it  doubtful  whether  such  a  procedure  would  find 
more  than  limited  application. 

FLUORESCENCE  OF  PURIFIED  VITAMIN  A  ESTERS 

Such  data  as  the  authors  have  indicate  that  the  molecular 
weight  and  structure  of  the  fatty  acids  with  which  vitamin  A  is 
esterified  play  an  important  role  in  determining  the  intensity  of 
fluorescence.  This  is  indicated  in  Table  IV,  B,  where  the  ratios 
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of  the  Fc  values  for  a  series  of  purified  vitamin  A  esters  to  that  of 
the  acetate  are  given. 

In  the  linear  concentration  range  there  is  a  progressive  de¬ 
crease  for  this  ratio  in  the  series  of  straight-chain  fatty  acid 
esters  including  the  acetate,  propionate,  butyrate,  caproate,  and 
palmitate.  Comparison  of  the  values  for  the  butyrate  and  iso¬ 
butyrate  and  caproate  and  isovalerate  esters  suggests  that  side- 
chain  methyl  groups  may  depress  the  fluorescence,  but  the 
evidence  is  not  conclusive. 

Comparison  of  the  equivalent  fluorescence  of  esters  prepared 
from  the  crystalline  alcohol  and  the  mixed  fatty  acids  of  halibut 
liver  oil,  before  and  after  hydrogenation  (Table  III),  indicated, 
contrary  to  the  findings  of  Sobotka  et  al.,  that 'unsaturation  in  the 
fatty  acids  with  which  the  vitamin  is  esterified  does  not  neces¬ 
sarily  decrease  the  fluorescence. 

The  equivalent  fluorescence  ratios  in  Table  IV  were  determined 
both  in  the  linear  concentration  range  and  in  more  concentrated 
solutions.  The  latter  values  were  determined  because  much  of 
the  work  of  Sobotka  and  co-workers  was  reported  as  being  done 
in  the  higher  concentration  range.  In  this  range,  as  previously 
mentioned,  the  Fe  values  for  the  esters  were  lower  than  in  the 
linear  concentration  range.  The  decrease  in  Fe  value  with  in¬ 
creasing  molecular  weight  was  less  uniform  than  at  lower  concen¬ 
trations.  Nevertheless,  the  ratio  of  the  F ,  values  of  the  palmi¬ 
tate  and  acetate  at  the  higher  concentrations  was  substantially 
the  same  as  the  value  obtained  at  the  lower  concentration.  This 
appeared  to  be  true  also  for  the  vitamin  A  esters  in  fish  liver  oils 
(Table  IV,  A).  Therefore,  the  discrepancy  between  the  authors’ 


Table  III.  Fluorescence  of  Halibut  Liver  Oil  and  Distillates  in 

Ethanol 


(Vitamin  A  concentration  0.4  to  0.5  y  per  ml.  Standard,  quinine  sulfate, 

1.00  y  per  ml.) 


Distillation 

*4  In.  (328m^ 

Apparent 

Temperature, 

Approximate 

Sample 

0  C. 

(Beckman) 

F. 

%  Esters 

Halibut  liver  oil  No.  1 
Distillate  fraction 

•• 

43.6 

31.9 

63  (3) 3 

1 

180 

209.0 

30.3 

60  (3) 

2 

200 

255.0 

32.3 

64  (2) 

4 

220 

132.5 

33.7 

68  (2) 

6 

240 

21.4 

34.3 

67  (2) 

Vitamin  A  palmitate 
Ester  of  vitamin  A  and 

•• 

907 

43.3 

79  (5) 

mixed  halibut  oil 
acids 

809 

41.5 

87  (3) 

Ester  of  vitamin  A  and 

mixed,  hydrogenated 
halibut  oil  acids 

865 

42.5 

87  (3) 

3  Average  of  indicated  number  of  determinations. 


Table  IV.  Fluorescence  of  Fish  Liver  Oils  and  Purified  Vitamin  A 
Esters  in  Linear  and  Nonlinear  Ranse 


Linear  Range3  Nonlinear  Ranged 


£i?m.  <328m^ 

Apparent  % 
vitamin  A 

sample 

(Beckman) 

A. 

Fe  esters 

Fish  Liver  Oils 

F. 

Distilled  concen¬ 
trate 

95.4 

35.7 
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20.3 

Acetate 
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Propionate 

1420 

48.0 

89  (5) 

29.1 

Butyrate 

1406 

46.7 

85  (2) 

29.3 

Isobutyrate 

1329 

37.2 

68  (2) 

25.2 

Isovalerate 

1319 

42.5 

77  (2) 

27.9 

Caproate 

1290 

42.6 

79  (2) 

28.6 

Heptylate 

1230 

43.6 

80  (3) 

29.5 

Myristate 

956 

41.8 

82  (2) 

26.9 

Palmitate 

907 

43.3 

79  (5) 

25.6 

Oleate 

3  0.4  to  0.5  y 

886 

per  ml. 

44.6 

84(3) 

28.4 

’  2.9  to  3.5  y  per  ml. 

Apparent  % 
vitamin  A 
esters 


72  (1) 
55  (1) 
61  (2) 
62  (1) 


100  (13) 

86  (3) 

87  (2) 

76  (2) 
83  (2) 
86  (2) 
88(3) 
81  (2) 

77  (4) 
85  (2) 


findings  and  those  of  Sobotka  et  al.  cannot  be  attributed  to 
differences  in  the  concentration  of  vitamin  A  used. 

OTHER  POSSIBLE  CAUSES  FOR  LOW  FLUORESCENCE  OF  FISH  LIVER  OILS 

Some  hypotheses  to  explain  the  low  equivalent  fluorescence  of 
vitamin  A  in  fish  liver  oils  were  investigated  and  found  to  be  un¬ 
tenable. 

The  hypothesis  that  the  linear  fluorescence  response  for  the 
esters  in  fish  liver  oils  might  occur  at  lower  concentrations  than 
for  the  acetate  was  examined.  Equivalent  fluorescence  values 
obtained  at  a  concentration  of  0.025  to  0.55  microgram  per  ml. 
would  thus  be  low  and  an  erroneous  value  for  the  ester  content 
of  the  fish  liver  oil  would  result.  The  data  in  Figure  4  indicate, 
however,  that  this  hypothesis  is  incorrect.  The  range  within 
which  fluorescence  intensity  varied  linearly  with  concentration 
was  the  same  for  the  acetate,  palmitate,  and  the  halibut  liver  oil 
vitamin  A  esters. 

The  possibility  that  substances — e.g.,  of  phenolic  nature  ( 1 ) — 
may  inhibit  or  quench  the  vitamin  fluorescence  was  studied.  To 
test  this,  vitamin  A  acetate  was  added  to  halibut  liver  oil  No.  1  to 
form  a  mixture  having  (328  m^i)  =  84.5.  At  a  concentra¬ 
tion  of  0.477  microgram  per  ml.  the  F,  value  for  the  mixture  was 
99%  of  that  calculated  from  the  F„  values  for  the  components. 
This  is  evidence  that  the  low  fluorescence  of  the  halibut  oil  ex¬ 
amined  is  not  due  to  inhibiting  substances.  It  provides  no  assur¬ 
ance,  however,  that  inhibitors  are  absent  from  other  fish  liver 
oils.  This  is  an  additional  source  of  uncertainty  in  attempting  to 
assay  vitamin  A  esters  by  fluorescence. 

The  activity  of  anhydro  vitamin  A  as  an  inhibitor  of  fish  liver 
oil  fluorescence  was  of  interest,  since  this  substance  has  an  absorp¬ 
tion  band  at  365  npt  which  is  almost  exactly  the  wave  length  of 
the  fluorescence  exciting  radiation.  Furthermore,  it  occurs  in 
fish  liver  oils  in  amounts  up  to  2%  of  the  vitamin  A.  The  in¬ 
hibiting  action  of  crystalline  anhydro  vitamin  A  was  studied  by 
preparing  mixtures  of  it  and  vitamin  A  acetate  in  ethanol  to  give 
solutions  in  which  the  percentage  by  weight  of  the  anhydro  com¬ 
pound  to  acetate  was  1,  5,  and  10%.  The  equivalent  fluorescence 
of  these  mixtures  was  determined  in  the  linear  (0.4  to  0.5  micro¬ 
gram  per  ml.)  and  nonlinear  (2.9  to  3.2  micrograms  per  ml.) 
concentration  ranges.  In  the  linear  range  the  F,  values  found  for 
the  mixtures  were,  respectively,  97,  94  (?),  and  98%  of  the  value 
for  the  pure  acetate.  In  the  nonlinear  range  the  values  were, 
respectively,  97,  91,  and  88%  of  the  value  for  the  pure  acetate. 
It  thus  appears  that  anhydro  vitamin  A  interferes  with  the 
fluorescence  of  the  vitamin  esters  only  at  relatively  high  concen¬ 
trations.  This  is  an  additional  reason  for  making  measurements 
in  the  linear  concentration  range.  Anhydro  vitamin  A  inter¬ 
feres,  however,  only  when  present  in  concentrations  greater  than 
are  normally  found  in  fish  liver  oils. 
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Spectrophotometric  Determination  of  Calcium 

ROBERT  E.  SCOTT  AND  C.  R.  JOHNSON,  University  of  Texas,  Austin,  Tex. 


Simple  and  rapid  methods  for  determining  calcium  by  precipitation 
as  oxalate  and  colorimetric  measurement  as  permanganate  are  es¬ 
pecially  suited  for  use  with  a  spectrophotometer  or  photoelectric 
colorimeter.  Once  a  calibration  curve  is  obtained  by  adapting  one 
of  the  methods  to  a  particular  instrument,  only  one  or  two  easily 
prepared  and  very  stable  standard  solutions  and  a  few  common  re¬ 
agents  are  required.  While  the  methods  do  not  avoid  precipitation 
of  calcium  oxalate,  the  end  point  of  the  analytical  reaction  is  reached 
automatically.  In  one  method  additional  speed  is  gained  by  avoid¬ 
ing  solution  of  the  precipitated  oxalate,-  in  another,  filtration,  wash¬ 
ing,  and  solution  of  the  precipitate  are  avoided.  A  summary  of 
calibration  data  shows  that  precision  is  satisfactory.  Run-of-the-mill 
results  are  in  good  agreement  with  official  and  standard  methods  in 
determination  of  calcium  in  waters,  brines,  food  concentrates, 
baking  powders,  magnesium  concentrates  and  cell  feeds,  and 
chemical  reagents. 

COLORIMETRIC  determinations  of  calcium  have  been 
based  upon  final  precipitation  of  the  element  as  alizarinate 
(7),  phosphate  (2,  3,  6,  12),  tungstate  (11),  8-hydroxyquinolate 
(14),  calcium  potassium  nickelonitrite  (10),  oxalate  (9,  13),  and 
picrolonate  (1).  The  colorimetric  comparisons  have  been  made, 
respectively,  with  alizarin,  molybdenum  blue,  titanous  chloride, 
Folin’s  reagent,  the  green  nitrite-antipyrine  color,  ferric  thiocya¬ 
nate  or  iodine,  and  the  red  color  obtained  by  treating  picrolonic 
acid  with  bromine  and  alkali. 

While  some  of  these  determinations  have  been  widely  used  as 
colorimetric  methods  for  the  special  purposes  for  which  they  were 
developed,  their  general  limitations  are  not  very  well  established. 
Few  of  them  have  been  studied  spectrophotometrically  or  adapted 
for  spectrophotometric  use. 

It  was  the  purpose  of  the  present  investigation  to  develop  and 
test  the  accuracy  of  some  rapid  and  reasonably  precise  spectro¬ 
photometric  methods,  applicable  to  the  determination  of  small 
and  moderate  quantities  of  calcium.  No  attempt  was  made  to 
include  the  range  of  microanalysis,  for  which  practically  all  the 
methods  cited  above  were  designed. 

Well  adapted  as  some  of  these  methods  may  be  for  microde¬ 
termination  of  calcium,  certain  faults  make  them  unsuitable  for 
rapid  and  accurate  spectrophotometric  determination  of  larger 
quantities  of  the  element.  Some  utilize  expensive  or  unstable 
reagents,  double  precipitations,  or  chromogenic  agents  producing 
colors  which  are  inhibited,  retarded  in  development,  or  altered 
by  numerous  interfering  substances.  Others  require  a  multiplic¬ 
ity  of  reagents,  or  employ  very  indirect  equivalent  relations. 

Even  the  micromethods,  most  frequently  used  in  clinical  work, 
seem  to  have  little  promise  as  general  spectrophotometric  meth¬ 
ods — for  example,  the  color  developed  in  the  calcium  phosphate 
molybdenum  blue  procedure  is  a  function  of  at  least  seven  vari¬ 
ables  other  than  the  concentration  of  calcium,  which  is  found  indi¬ 
rectly  as  phosphorus  in  calcium  phosphate.  This  latter  substance 
has  a  somewhat  indefinite  composition,  depending  on  the  condi¬ 
tions  under  which  it  is  precipitated.  Moreover,  it  must  be  formed 
at  a  pH  between  7  and  12,  a  requirement  unfavorable  for  the 
separation  of  interfering  substances  commonly  occurring  with 
calcium.  A  recently  published  method  (13)  depends  upon  the  ex¬ 
tremely  indirect  relation  of  calcium  to  iodine  through  oxalate  and 
ceric  sulfate,  and  requires  ten  reagent  solutions.  The  otherwise 
simple  method  of  Laidlaw  and  Payne  (7)  requires  a  double  pre¬ 
cipitation.  In  general,  the  micromethods  are  indirect  and  time- 
consuming,  and  the  special  techniques  used  in  handling  extremely 
small  quantities  of  material  often  lack  precision,  although  their 
accuracy  may  be  adequate,  even  if  low. 


It  seems  inevitable  at  present  that  calcium  must  be  precipitated 
in  an  insoluble  compound  prior  to  practical  colorimetric  deter¬ 
mination.  However,  this  step  has  several  advantages,  especially 
when  calcium  oxalate  is  the  precipitate.  This  compound  pre¬ 
cipitates  quantitatively  in  coarse,  easily  washed,  slowly  soluble 
crystals  of  definite  composition  at  pH  3.7  or  less  (8),  and  many 
interferences  may  be  removed  by  a  single  precipitation.  For  use 
in  combination  with  oxalate  in  a  colorimetric  method,  permanga¬ 
nate  is  at  least  as  good  as  any  other  reagent.  Thus,  in  the  present 
work  calcium  was  precipitated  as  oxalate  and  determined  by 
several  variations  as  permanganate. 

APPARATUS  AND  REAGENTS 

A  Coleman  Model  10-S-30  spectrophotometer  with  matched 
square  cuvettes  1.308  cm.  in  depth  was  used  for  most  of  the 
transmittance  measurements,  which  were  made  between  28 c 
and  32°  C.,  with  water  as  reference  liquid.  Other  instruments 
were  used  for  comparisons  and  checks.  Volumetric  measurements 
in  the  calibrations  were  made  with  calibrated  5-ml.  and  50-ml 
burets;  in  the  analyses,  transfer  pipets  were  used.  A  Beckman 
Model  G  meter  was  used  for  pH  measurements.  In  method  2  an 
IEC  clinical  centrifuge  was  used. 

Reagent  1.  The  standard  oxalate  solution  containing  the 
equivalent  of  1.000  mg.  of  manganese  per  ml.  was  prepared  by 
making  5.738  grams  of  reagent  grade  oxalic  acid  dihydrate  or 
6.099  grams  of  pure  sodium  oxalate  to  1  liter  with  distilled  water. 

Reagent  2.  The  standard  0.0910  N  permanganate  solution 
contained  2.877  grams  of  potassium  permanganate  per  liter. 
After  standardization  against  reagent  1  it  was  adjusted  when  nec¬ 
essary  to  contain  1.000  mg.  of  manganese  per  ml.  Stock  solutions 
of  reagents  1  and  2,  prepared  in  2-  to  3-liter  quantities,  were  found 
to  keep  their  titer  to  1  part  in  1000  for  over  3  months,  when 
stored  in  the  dark,  with  occasional  use. 

Buffers.  The  acetate  buffer  of  pH  4.7  contained  68.1  grams 
of  sodium  acetate  trihydrate  and  31.3  ml.  of  16  N  acetic  acid  per 
liter.  The  formate  buffer  of  pH  3.7  contained  31.5  grams  of  am¬ 
monium  formate  and  20.8  ml.  of  24  N  formic  acid  per  liter.  For 
method  3a  a  set  of  reagents  similar  to  those  used  by  McComas 
and  Rieman  (8)  was  made  up:  0.5  M  oxalic  acid,  1.0  M  formic 
acid,  and  1.0  M  ammonium  formate.  _  . 

Acids  and  Bases.  Hydrochloric  acid,  6  N,  sulfuric  acid,  36  A 
and  the  volatile  acids  used  in  the  buffers  were  purified  by  distilla¬ 
tion  for  one  set  of  reagents.  Other  sets  prepared  with  commercial 
acids  of  good  quality  gave  equally  satisfactory  results  in  many 
comparisons.  Commercial  36  N  sulfuric  acid  after  dilution  to 
18  N  was  treated  with  permanganate  to  the  first  faint  permanent 
pink  Not  more  than  2  mg.  of  manganese  per  liter  should  be 
added  to  the  18  N  acid.  Carbonate-free  20  N  sodium  hydroxide 
as  made  by  saturating  distilled  water  with  the  reagent  and  allow¬ 
ing  the  sodium  carbonate  to  settle  out;  0.1  N  and  1  N  solutions 
of  sulfuric  acid  and  sodium  hydroxide  were  used  for  pH  adjust¬ 
ments.  ,  . 

Salt  Solutions.  Saturated  ammonium  oxalate  solution  was 
prepared  from  c.p.  crystals.  Standard  calcium  solutions  were 
prepared  in  3-liter  quantities.  Calcium  sulfate  solutions  vere 
made  from  c.p.  material.  The  calcium  content  was  found  as 
permanganate  and  calcium  carbonate,  and  the  solutions  were 
diluted  to  contain  0.500  mg.  of  calcium  per  ml.  Calcium  chloride 
solutions  were  prepared  from  salt  twice  crystallized  and  centri¬ 
fuged.  The  calcium  content  was  found  as  permanganate,  cal- 
cium  carbonate,  and  silver  chloride,  and  the  solutions  were  ad- 
justed  to  contain  1.000  mg.  of  calcium  per  ml. 

Rapid  Checks  for  Reagents.  One  or  more  of  the  following 
procedures  may  be  used  for  checking  the  standard  oxalate  and 
permanganate  solutions  (reagents  1  and  2). 

Measure  4.000  ml.  of  reagent  1  into  a  50-ml.  beaker  and  add  19 
ml.  of  water  and  4  ml.  of  18  N  sulfuric  acid.  Titrate,  either  with 
or  without  heating  the  solution,  with  reagent  2,  adding  it  from  a 
calibrated  5-ml.  buret  to  the  first  permanent  pink. 

Dissolve  0.2000  gram  of  pure,  dry  sodium  oxalate  m  100  ml.  ol 
1  N  sulfuric  acid,  heat,  and  titrate  with  reagent  2  from  a  o0-ml 

buret.  ,  „  .  , 

Weigh  out  1.200  grams  of  Mohr  s  salt,  ferrous  ammonium  sul- 
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fate  hexahydrate,  of  known  factor  purity,  dissolve  in  50  ml.  of 
I  N  sulfuric  acid,  add  5  ml.  of  85%  phosphoric  acid,  and  titrate 
with  reagent  2. 

CHOICE  OF  WAVE  LENGTH  FOR  MEASUREMENTS 

According  to  Hantzsch  and  Clark  (4)  dilute  permanganate 
solutions  have  sharp  transmittance  minima  at  526.7  and  546.3 
m/i.  In  the  graphs  given  by  Kasline  and  Mellon  (5)  the  minima 
seem  to  be  at  about  526  and  546  m/a;  these  values  were  also  found 
in  this  laboratory  with  a  Coleman  10-S-5  double  monochromator 
spectrophotometer.  A  GE  recording  spectrophotometer  (10  m/u 
slit)  showed  minima  at  526  and  544  m/a.  A  Coleman  10-S-30 
double  monochromator  spectrophotometer  showed  a  single  mini¬ 
mum  at  529  m/a.  Any  of  these  wave  lengths  may  be  used  for 
spectrophotometric  determination  of  permanganate.  For  photo¬ 
electric  colorimetry  a  yellow-green  filter  with  transmittance 
maximum  at  530  m/t  is  suitable. 

Transmittance-concentration  measurements  made  with  the 
Coleman  10-S-30  instrument  at  529  m/i  with  potassium  perman¬ 
ganate  solutions  containing  between  0.200  and  2.000  mg.  of 
manganese  per  100  ml.  showed  that  Beer’s  law  holds  precisely 
over  this  range,  the  following  linear  equation  applying: 

C  =  (-2.512  logxo  T  +  5.018)/I 

C  is  in  milligrams  of  manganese  per  100  ml.,  T  is  the  trans¬ 
mittance  in  per  cent,  and  l  is  the  cuvette  depth  in  centimeters. 
This  equation  was  useful  as  a  fourth  means  of  checking  reagent 
concentrations  rapidly.  It  cannot  be  used  to  check  calibration 
curves  obtained  by  subtraction  of  permanganate  with  measured 
amounts  of  oxalate  or  calcium  oxalate  in  sulfuric  acid  solution. 
The  equilibria  established  in  such  systems  involve  ions  inter¬ 
mediate  between  permanganate  and  manganous  ion,  and  linear 
relations  cease  to  hold.  However,  the  redox  buffers  comprising 
the  analytical  systems  used  in  the  present  work  are  stable  during 
the  specified  period  of  use,  and  calibration  curves  obtained  with 
known  amounts  of  calcium  are  highly  reproducible. 


Table  1. 

By  Method  1 

Calcium 

as  Permanganate 

By  Method  2 

Total 

Median 

trans- 

Average 

Total 

Median 

trans- 

Average 

calcium 

mittance  deviation 

calcium 

mittance 

deviation 

Mg. 

% 

% 

Mg. 

% 

% 

0.100 

97.7 

0.31 

0.500 

94.5 

0.40 

0.300 

93.4 

0.35 

1.000 

87.5 

0.46 

0.600 

84.9 

0.35 

2.00 

70.0 

0.49 

1.000 

70.8 

0.40 

3.00 

51.0 

0.51 

1.60 

47.9 

0.52 

4.00 

35.1 

0.57 

2.20 

30.5 

0.48 

0.95 

5.00 

23.9 

0.71 

2.80 

18.9 

6.00 

15.9 

0.85 

3.40 

11.2 

1.5 

7.00 

10.2 

0.74 

SUMMARY  OF  CALIBRATIONS 

Preliminary  to  the  calibrations,  tests  were  made  to  establish 
for  0.8-  to  2.5-mg.  quantities  of  calcium  the  conditions  for  quan¬ 
titative  precipitation  which  also  met  the  requirements  of  the 
spectrophotometric  measurements.  Precipitation  of  these  quan¬ 
tities  of  calcium  either  by  2  ml.  of  reagent  1  from  a  volume  of  2  to 
8  ml.,  or  by  1  ml.  of  saturated  ammonium  oxalate  solution  from  a 
volume  of  4  to  40  ml.,  was  essentially  complete  at  pH  3.7,  4.7, 
or  8.0  without  buffers,  or  at  pH  3.7  and  4.7  with  1  ml.  of  formate  or 
acetate  buffer,  respectively.  The  trend  and  terminals  of  the  ex¬ 
trapolated  calibration  curves  subsequently  obtained  under  the 
above  allowable  conditions  offered  further  evidence  of  complete¬ 
ness  of  precipitation  over  an  even  wider  range  of  calcium  concen¬ 
trations  than  that  studied  in  the  preliminary  tests. 

Calibrations  were  made  by  the  methods  described  herewith  for 
-  analyses,  except  that  the  sample  solutions  contained  known  quan- 
|  tities  of  calcium.  Readings  were  always  taken  between  5  and  30 
minutes  after  adding  permanganate  to  the  test  solutions  and  mak- 


Table  II.  Calcium  as  Permanganate  by  Method  3 


Transmittances  with  Various 
Instruments  and  Wave  Lengths 


Coleman 

Coleman 

Coleman 

Total 

10-S-30 

10-S-5 

10-S-5 

Calcium 

529  m/j'* 1 * * * * * * 8 

526  mgb 

546  rngb 

Mg. 

% 

% 

% 

0.100 

10.0 

8.0 

9.0 

0.300 

11.9 

10.2 

11 . 1 

0.600 

15.3 

13.4 

14.5 

1.000 

21.5 

19.3 

20.4 

1.60 

34.3 

32.0 

33.0 

2.20 

53.5 

51.3 

52.6 

2.80 

76.0 

74.8 

75.3 

3.40 

94.5 

94.2 

94.4 

a  Medians  from  eight  sets  of  observations. 
b  From  smooth  curves  drawn  through  plotted  medians. 


ing  to  100  ml.  To  eliminate  constant  errors,  four  complete  sets 
of  reagents  from  different  sources  were  used  in  the  calibrations. 

The  median  transmittances  found  in  about  400  calibration 
tests  are  given  in  Tables  I  and  II.  During  the  calibrations,  meth¬ 
ods  1  and  2  were  studied  with  particular  regard  to  the  deviations 
that  might  be  expected  in  measurements  made  with  reagents  from 
various  commercial  sources.  Each  “average  deviation”  in  Table  I 
is  based  on  8  to  10  test  systems  made  with  standard  calcium 
sulfate  solutions,  and  consists  of  the  conventional  “average  de¬ 
viation  of  a  single  observation”  multiplied  by  100  and  divided  by 
the  corresponding  median.  The  deviations  show  that  good  pre¬ 
cision  is  obtained  by  these  methods  even  with  commercial  re¬ 
agents.  Calibrations  by  method  3  were  used  more  especially  to 
compare  transmittance  values  found  with  different  instruments 
wave  lengths,  and  slit  widths,  the  cuvette  depth  being  held  con¬ 
stant  at  1.308  cm.  The  reproducibility  of  the  bow-shaped  cali¬ 
bration  curves  obtained  in  all  cases  was  further  established  by  the 
fact  that  they  could  be  duplicated  with  test  solutions  made  by 
mixing  calculated  amounts  of  permanganate  and  sodium  oxalate 
or  permanganate  and  manganous  sulfate. 

SPECTROPHOTOMETRIC  METHODS  FOR  CALCIUM 

Preparation  op  Sample  Solutions.  Samples  for  analysis 
may  be  taken  directly  from  solutions  containing  mainly  calcium 
chloride  or  sulfate,  and  from  most  natural  waters.  However,  if 
the  chloride  concentration  is  high,  spectrophotometric  methods 

1  and  2  cannot  be  used.  In  general,  the  aliquot  portions  finally 

taken  for  analysis  must  be  free  from  high  concentrations  of  oxidiz¬ 

ing  or  reducing  substances  and  interfering  ions — i.e.,  metals  form¬ 
ing  insoluble  oxalates  or  anions  forming  insoluble  calcium  salts. 

Any  significant  quantities  of  such  substances  present  in  the 

original  sample  should  be  removed  by  the  usual  methods. 

The  spectrophotometric  methods  described  below  are  designed 
for  an  accuracy  equal  to  that  of  the  best  colorimetric  analyses; 
the  limiting  accuracy  attainable  by  refinements  of  technique  and 
use  of  the  best  instruments  is  perhaps  about  0.3%.  Two  insidious 
errors  to  be  avoided  are  the  use  of  formate  buffers  in  methods  1 
and  2,  and  neglect  of  the  adherent  layer  of  calcium  oxalate,  not 
removable  by  mere  rinsing,  which  forms  on  electrodes  and  stirrer 
during  unnecessarily  protracted  pH  adjustments.  After  each 
precipitation  of  calcium  oxalate,  the  system  should  be  digested 
at  least  10  minutes  at  about  90°  C.,  then  30  minutes  or  more  at 
room  temperature. 

Method  1.  Run  an  aliquot  portion  containing  about  2  mg.  of 
calcium  into  a  50-ml.  beaker  and  add  1  ml.  of  acetate  buffer  and 
2.00  ml.  of  reagent  1.  Adjust  the  pH  to  4.7  for  maximum  buffer¬ 
ing  capacity;  a  lower  pH  may  be  preferable  if  certain  interfer¬ 
ences  are  present.  Digest,  reducing  the  volume  to  between  2  and 

8  ml.,  then  cool. 

Filter  the  supernatant  liquid  through  a  15-ml.  Pyrex  filtering 
crucible  of  medium  porosity  and  wash  the  precipitate  and  beaker 
with  three  2-ml.  portions  of  water.  Collect  the  filtrate  and  wash¬ 
ings  in  a  100-ml.  flask  under  a  bell  jar  with  top  and  side  tubula- 
tions  for  the  crucible  holder  and  suction  tube,  respectively.  Add 
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10  ml.  of  18  N  sulfuric  acid  and  2.00 -ml.  of  reagent  2.  Wait  until 
the  color  change  has  occurred,  then  dilute  to  100  ml.  and  measure 
the  transmittance  of  a  portion  of  the  solution  at  an  appropriate 
wave  length  within  20  minutes.  Read  the  result  of  the  analysis 
from  a  calibration  curve.  Method  1  may  be  checked  by  deter¬ 
mining  the  precipitate  on  the  filter  by  method  3. 

Method  2.  Adjust  the  pH  of  the  sample  solution  to  4.7  before 
dilution  to  final  volume.  Run  an  aliquot  portion  containing  2  to  4 
mg.  of  calcium  into  a  50-ml.  volumetric  flask;  add  1  ml.  of  ace¬ 
tate  buffer  and  4.00  ml.  of  reagent  1.  Digest  for  10  minutes  on  a 
hot  plate,  with  occasional  swirling,  then  cool  and  digest  for  30 
minutes  at  room  temperature.  In  the  present  work  the  volume 
at  this  stage  was  always  between  8  and  20  ml. 

Make  the  system  up  to  50.0  ml.  with  distilled  water,  mix 
quickly,  then  pour  the  bulk  of  the  mixture  into  a  50-ml.  tube  and 
centrifuge  for  10  minutes  at  about  3000  r.p.m.  Pipet  25.0  ml.  of 
the  clear  supernatant  liquid  into  a  100-ml.  flask,  add  10  ml.  of 
18  N  sulfuric  acid  and  2.00  ml.  of  reagent  2,  and  make  to  100  ml. 
Complete  the  analysis  as  in  method  1. 

Method  3.  Pipet  an  aliquot  portion  containing  about  1.7 
mg.  of  calcium  into  a  50-ml.  beaker  and  add  1  ml.  each  of  formate 
buffer  and  saturated  ammonium  oxalate  solution.  Adjust  the 
pH  to  3.7.  Digest  at  about  95°  C.,  reducing  the  volume  to  about 
20  ml.  Cool,  then  digest  at  room  temperature  for  at  least  30 
minutes. 

Pour  the  supernatant  liquid  through  a  15-ml.  Pyrex  crucible 
of  medium  porosity  and  wash  the  precipitate  with  four  1-  to  2- 
ml.  portions  of  water.  Rinse  the  upper  inside  wall  of  the  crucible 
with  short  spurts  from  a  wash  bottle.  Remove  the  crucible  from 
the  holder  and  rinse  off  the  outside  and  bottom  thoroughly. 
Using  the  tubulated  bell  jar  described  above,  put.  two  10-ml.  por¬ 
tions  of  hot  9  N  sulfuric  acid  slowly,  with  stirring,  through  the 
beaker  and  crucible  and  collect  the  solution  and  two  5-ml.  water 
washings  in  a  100-ml.  volumetric  flask.  Add  2.00  ml.  of  reagent 
2  and  complete  the  analysis  as  in  method  1. 

Method  3a.  The  range  and  precision  of  the  above  methods 
may  be  increased  by  such  modifications  as  the  following,  adapted 
from  McComas  and  Rieman  (8): 

Pipet  an  aliquot  portion  containing  about  17  mg.  of  calcium 
into  a  100-ml.  beaker,  add  5  ml.  of  1.0  M  formic  acid,  and  bring 
to  30  ml.  Heat  to  95°  C.  and  add  5  ml.  of  0.5  M  oxalic  acid  over 
85  seconds.  Digest  for  5  minutes  at  85°  to  95°  C.,  then  cool  to 
25°  C.  in  about  15  minutes.  Add  15  ml.  of  1.0  M  ammonium  for¬ 
mate,  adjust  the  pH  to  3.7  (if  necessary),  and  digest  30  minutes 
at  25°  C.  Wash  the  precipitate  as  in  method  3,  then  dissolve  it 
with  four  to  eight  10-ml.  portions  of  hot  9  N  sulfuric  acid  and  make 
the  solution  to  100  ml.  Add  10  ml.  of  18  N  sulfuric  acid  and  2.00 
ml.  of  reagent  2  to  a  10.00-ml.  aliquot  portion,  make  to  100  ml. 
with  water,  and  complete  the  analysis  as  in  method  1 . 


COMPARISONS  WITH  OTHER  METHODS 

The  new  spectrophotometric  methods  outlined  above  were 
compared  with  standard  and  official  methods  for  determining 
calcium,  and  the  results  are  summarized  in  Table  III.  To  illus¬ 
trate  the  effect  of  high  concentrations  of  chloride,  magnesium, 
or  organic  matter  when  inadequate  sample  preparation  methods 
are  used,  a  few  results  known  to  be  erroneous  are  included  in 
parentheses.  The  official  and  standard  values  in  the  last  column 
represent  routine  work  of  six  analysts  in  three  laboratories.  In 
view  of  this  fact,  and  the  difficulties  presented  by  some  of  the 
interferences,  the  data  in  Table  III  offer  sufficient  evidence  of 
the  accuracy  of  the  new  methods.  Their  precision  under  more 
favorable  circumstances  is  shown  by  the  fact  that  the  calibration 
curves  obtained  with  the  Coleman  10-S-30  spectrophotometer 
for  the  four  different  methods,  when  drawn  to  proper  scale  and 
appropriately  oriented,  were  almost  exactly  superimposable. 
This  observation,  and  data  in  Table  III,  lead  independently  to 
two  noteworthy  conclusions:  (1)  there  is  no  significant  autode¬ 
composition  of  oxalate  during  digestion  in  methods  1  and  2;  (2) 
permanganate  is  entirely  suitable  as  a  reagent  under  the  condi¬ 
tions  specified,  in  spite  of  the  reaction  which  produces  the  bow¬ 
shaped  calibration  curves.  It  is  also  now  evident  that  many 
reducing  substances  may  be  conveniently  determined  spectropho- 
tometrically  as  residual  permanganate,  with  reagents  and  pro¬ 
cedures  used  in  the  present  work.  Experiments  incidental  to  the 


Table  III.  Comparisons  with  Official  and  Standard  Methods 

Calcium 

Found  in 

Sample 

Other 

Sample 

Potential  Interferences 

New 

New 

meth¬ 

Analyzed 

in  Original  Material 

Method 

method 

ods 

P.p.m. 

P.p.m. 

P.p.m. 

Water  7465 

T.S.,  706;  Mg,  2.1; 
SO<,  3.0;  HCOs,  376 

3° 

6.9 

6.7 

Water  5818 

T.S.,  5610;  Mg,  9.0; 
SOi,  30;  Fe,  0.85 

3  * 

24 

27 

Water  5817 

T.S.,  5540;  Mg,  11; 
SOi,  18;  HCO3,  906 

3 

35 

34 

Water  6130 

T.S.,  376;  Mg,  43; 

1 

51 

52 

SO4,  41;  HCOa,  366 

2 

52 

3 

53 

Water  5811 

T.S.,  417;  Mg,  34; 

1 

61 

60 

SO4,  103 

2 

57 

60 

3 

59 

Sea  water  7037 

T.S.,  27,  900;  Mg, 

3 

(420) 

343 

1060;  SO4,  2200 

3a 

(361) 

340 

D 

332 

2* 

330 

3*> 

334 

Water  5909 

T.S.,  5230;  Mg,  183; 
SO4,  2115;  Cl,  1320 

3 

(670) 

643 

3a 

652 

3b 

652 

Effluent  7036 

T.S.,  10,200;  Mg,  165; 

1 

(2740) 

2820 

SO4,  100;  Cl,  6060; 

3 

2860 

2840 

HCOa,  646 

3a 

2830 

1*> 

2860 

3b 

2860 

% 

% 

% 

MgCl*  solution 

MgCls,  34 

3C 

0.23 

0.27 

Cell  feed 

MgCh,  73 

3C 

0.32 

0.33 

Dry  whole  milk 

P,  0.70;  Fe,  <0.002 

14 

0.86-0.88 

0.91 

24 

0 . 86-0 . 87 

0.875 

34 

0.88-0.89 

Spinach  concen¬ 

P,  0.71;  S,  0.76;  Mg, 

14 

0.89-0.99 

0.937 

trate 

0.68;  I,  0.48:  Fe. 

24 

0.93-0.96 

0.04 

34 

0.92-0.93 

Baking  powder 

P,  8.3;  organic  matter 

1 

(4.6) 

5.81 

2 

(4.9) 

3 

5.73 

Reagent  Ca(OH)j 

0.370  g./l.  0.02  A'  HC1 

3 

52.0 

52.4 

Reagent  CaO 

0.280  g.  d.  0.02  X  HC1 

1 

(66.2) 

68.3 

3 

68.2 

a  Evaporated  acidified  sample  before  analysis. 
b  Analysis  preceded  by  extra  precipitation  of  calcium  as  oxalate. 

«  Analysis  preceded  by  removal  of  magnesium  as  hydroxide  (pH  10.5. 
then  10.0). 

4  Sample  dry-ashed  and  taken  up  with  acid  before  analysis. 


calibrations  showed  that  errors  due  to  chloride  in  methods  1  and  2 
are  small  but  not  always  negligible;  the  validity  of  methods  1 
and  2  for  analysis  of  samples  containing  chloride  should  be  es¬ 
tablished  by  comparisons  with  method  3  or  3a. 
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Determination  of  the  Methyl  Ester  Content  of  Pectin 
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Sources  of  error  in  the  Zeisel  and  saponification  methods  for  deter¬ 
mining  the  methyl  ester  content  of  pectin  have  been  discovered  and 
improved  procedures  are  presented.  A  third  method,  utilizing  the 
specific  action  of  pectase  for  hydrolyzing  pectin  methyl  ester,  is 
recommended  for  general  use  as  more  rapid  than  the  Zeisel  method 
and  involving  fewer  sources  of  error  than  the  saponification  method 

THE  methyl  ester  content  of  pectin  and  its  determination 
have  assumed  increasing  importance  in  pectin  chemistry, 
especially  since  the  development  of  calcium  pectinate  gels  ( 1 ,  2, 
8,  12)  from  low-ester  pectins.  [Although  the  term  “methoxyl” 
has  been  used  for  many  years  in  the  literature  on  pectin,  it  is 
erroneous  as  applied  to  pectin.  Pectin  contains  methyl  ester 
groups  but  probably  no  methoxyls.  The  term  “methyl  ester” 
is  used  in  this  paper,  all  analyses  being  calculated  as  methoxyl 
(%  CH30).]  Such  properties  as  the  viscosity  of  pectinate  solu¬ 
tions  (12),  the  setting  time  of  pectin  jellies  (1,  12),  the  formation 
and  stability  of  calcium  pectinate  gels  (1,  8),  and  the  solubility 
of  pectin  (17)  are  greatly  influenced  by  the  degree  of  esterification. 
Consequently,  accurate  methods  for  determining  the  methyl 
ester  content  of  pectin  are  essential. 

The  Zeisel  and  saponification  methods  are  the  two  principal 
procedures  now  used  for  determination  of  the  methyl  ester  con- 
I  tent  of  pectin.  The  saponification  method  is  empirical,  although 
it  is  frequently  not  recognized  as  such  in  the  literature.  It  is 
considered  accurate  because  it  usually  gives  results  in  agreement 
with  those  by  the  Zeisel  method,  which  is  the  reference  method. 

Both  the  Zeisel  and  saponification  methods  have  given  erratic 
results  in  the  authors’  hands.  Sources  of  error  in  these  methods 
have  been  discovered,  and  improved  procedures  for  both  methods 
have  been  developed.  A  third  method,  using  pectase  for  estima¬ 
tion  of  the  methyl  ester  content  of  pectin,  has  certain  advantages 
over  the  others. 

ZEISEL  METHOD 

The  principal  cause  for  the  erratic  Zeisel  results  was  discovered 
by  Jansen,  Waisbrot,  and  Rietz  (11),  and  independently  by  the 
authors.  It  was  found  that  a  portion  of  the  ethanol  commonly 
used  in  the  preparation  of  pectin  is  so  strongly  held  that  it  can¬ 
not  be  removed  by  drying  in  vacuo  at  80°  C.  Ethanol  forms 
ethyl  iodide  which,  being  volatile,  is  measured  and  calculated  as 
methoxyl  in  the  usual  Zeisel  procedure.  Since  the  amount  of  ad¬ 
sorbed  ethanol  may  be  as  much  as  4%  of  the  pectin  by  weight,  the 
error  from  this  source  may  be  appreciable. 

Jansen  et  al.  detected  the  presence  of  bound  ethanol  in  pectin 
by  the  fact  that  it  was  possible  to  lower  the  Zeisel  value  by  sub¬ 
jecting  the  pectin  to  a  water-vapor  treatment.  Ethanol  was 
considered  to  be  completely  removed  when  continued  water- 
vapor  treatment  no  longer  reduced  the  Zeisel  value,  and  the  Zeisel 
value  corresponded  to  the  saponification  value.  Obviously  this 
proof  is  indirect  and  does  not  preclude  the  possibility  that  a  por¬ 
tion  of  the  ethanol  is  not  removed  or  that  the  saponification  values 
are  in  error.  Data  presented  in  this  paper  show  that  results  by 
the  saponification  method  depend  upon  the  conditions  of  saponi¬ 
fication  and  the  type  of  pectin  being  analyzed.  Therefore,  the 
saponification  method  cannot  be  considered  a  reference  method. 

The  studies  herein  described  offer  a  more  direct  proof  of  the 
presence  of  adsorbed  ethanol  and  completeness  of  its  removal — 
namely,  by  the  separation  and  measurement  of  ethyl  iodide  in 
the  Zeisel  distillate.  The  Zeisel  method  as  modified  by  Clark  (3) 
was  used  throughout  this  study,  except  that  an  aqueous  suspen¬ 
sion  of  red  phosphorus  was  used  in  the  washer. 


A  sample  of  apple  pectin  which  had  been  precipitated  by  eth¬ 
anol  and  then  dried  for  24  hours  at  60°  C.  in  an  air  oven  was 
analyzed  by  the  Zeisel  procedure  and  gave  a  value  of  12.0% 
methoxyl  (m.f.b.).  When  the  analysis  was  repeated  and  the 
volatile  iodides  were  subjected  to  the  trimgthyl amine  separation 
method  (4),  the  sample  analyzed  9.00%  methoxyl  and  4.5% 
ethoxyl  (or  3.1%  calculated  as  methoxyl). 

Attempts  to  remove  adsorbed  ethanol  from  the  pectin  by  dry¬ 
ing  in  vacuo  for  2  hours  at  80°  C.  were  unsuccessful.  The 
ethanol  was  removed,  however,  by  substitution  with  water  vapor 
in  the  following  manner: 

A  sample  of  the  same  ethanol-precipitated  apple  pectin  was 
placed  in  the  inner  chamber  of  a  Conway  diffusion  cell  with  dis¬ 
tilled  water  in  the  outer  ring.  The  cell  was  placed  under  a  bell 
jar.  The  jar  was  evacuated  and  sealed  off,  and  the  sample  al¬ 
lowed  to  stand  overnight.  The  sample  was  then  dried  for  2  hours 
in  vacuo  at  80°  C.  The  methoxyl  value,  as  determined  by  the 
Zeisel  method,  was  9.44%.  Repetition  of  the  water-vapor  treat¬ 
ment  again  yielded  a  methoxyl  value  of  9.44%. 

If  the  per  cent  methoxyl  from  the  trimethylamine  separation 
(9.00%)  is  calculated  to  the  alcohol-free  basis,  a  value  of  9.43% 
is  obtained.  The  close  agreement  between  this  result  and  that 
obtained  on  the  vapor-treated  sample  (9.44%),  and  the  fact 
that  a  second  water-vapor  treatment  did  not  change  the  methoxyl 
value,  show  that  a  single  vapor  treatment  removed  all  the  ad¬ 
sorbed  ethanol.  These  facts  also  indicate  that  the  vapor-treated 
sample  contained  no  groups  other  than  methoxyl  capable  of  form¬ 
ing  volatile  iodides.  Vapor-treating  the  pectin  samples  at  re¬ 
duced  pressure  increases  the  rate  of  ethanol-water  exchange  con¬ 
siderably.  Jansen,  Waisbrot,  and  Rietz  (11)  used  a  vapor  treat¬ 
ment  of  2  days  at  atmospheric  pressure. 

Table  I  shows  the  methoxyl  values  of  a  number  of  pectins  be¬ 
fore  and  after  vapor  treatment.  It  is  apparent  from  these  data 
that  failure  to  remove  ethanol  from  the  dried  sample  may  cause 
the  result  to  be  almost  3%  too  high.  The  discrepancy  was  much 
less  for  acid-deesterified  than  for  enzyme-deesterified  pectins. 

Many  experimentally  and  commercially  prepared  pectins  are 
precipitated  by  acetone,  ethanol,  or  isopropanol.  The  alcohols 
react  with  hydriodic  acid  to  form  volatile  iodides,  and  under 
certain  conditions  acetone  may  likewise  yield  a  volatile  iodide. 
Therefore,  the  procedure  for  determining  the  methoxyl  values 
of  pectins  by  the  Zeisel  method  should  include  a  preliminary 
water-vapor  treatment  of  the  sample  unless  it  is  definitely  known 
that  the  pectin  contains  no  adsorbed  solvent  capable  of  interfer¬ 
ing  with  the  analysis.  Jansen,  Waisbrot,  and  Rietz  (11)  have 
also  shown  that  acetone  does  not  interfere  with  the  Zeisel  analysis 
and  that  isopropanol  may  be  removed  by  an  Abderhalden  dryer. 

It  might  appear  that  a  satisfactory  method  for  eliminating 
interfering  solvent  from  pectin  prior  to  Zeisel  analysis  would  be 


Table  I.  Methoxyl  Values  of  Pectins  Determined  by  Zeisel 

Method 

(Before  and  after  vapor  treatment  to  remove  absorbed  ethanol) 

Per  Cent  CH30a 


Sample 

Type  of 

Before  vapor 

After  vapor 

No. 

Demethylation 

treatment 

treatment 

91 

None 

12.0 

9.4 

91B 

Acid 

7.9 

6.8 

91C 

Acid 

7.1 

5 . 1 

91E 

Acid 

1.9 

1.7 

91G 

Enzyme 

8.4 

6.0 

91 J 

E  nzyme 

4.3 

2.0 

a  Moisture-  and  ash-free  basis. 
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Figure  1.  Rate  of  Saponification  of  Pectin 

Saponification  of  2  grams  of  pectin  in  400  ml.  of  water  at  25°  C.  Amount  of 
alkali  used  in  B  and  D  was  5  ml.  in  excess  of  amount  equivalent  to  CH3O  values 
of  respective  pectins 


to  dissolve  it  in  water  and  precipitate  it  with  a  noninterfering 
solvent,  such  as  acetone.  However,  this  procedure  would  also 
remove  a  portion  of  the  nongalacturonide  constituents  and  thus 
alter  the  original  methyl  ester  content  of  the  pectin. 

Since  the  error  in  the  Zeisel  analysis  caused  by  adsorbed  solvent 
was  reported  only  recently,  it  is  probable  that  many  of  the  pectin 
methoxyl  values  recorded  in  the  literature  are  erroneous. 

SAPONIFICATION  METHODS 

Saponification  of  pectin  by  dilute  alkali  ( 6 )  has  been  used  by 
various  investigators  ( 5 ,  9,  14,  15,  16)  as  a  quantitative  method 
for  the  estimation  of  pectin  methyl  ester.  It  is  more  rapid  than 
the  Zeisel  method  and  requires  no  special  apparatus.  It  is  an 
empirical  procedure,  however,  and  the  results  depend  upon  the 
choice  of  conditions.  Since  the  Zeisel  values  for  pectin  reported 
in  the  literature  are  probably  in  error,  it  follows  that  the  saponi¬ 
fication  method,  which  is  based  upon  these  Zeisel  values,  is  like¬ 
wise  probably  in  error.  In  view  of  the  new  Zeisel  values,  experi¬ 
mental  conditions  for  the  saponification  method  must  be  reinves¬ 
tigated. 

The  usual  procedure  for  saponification,  as  described  by  Myers 
and  Baker  (14),  is  to  add  20  ml.  of  0.5  N  sodium  hydroxide  to  a 
neutralized  pectin  solution  containing  1  gram  of  pectin  dissolved 
in  200  ml.  of  water,  and  saponify  at  room  temperature  for  2 
hours.  Methoxyl  values  obtained  by  this  procedure  are  recorded 


Table  II.  Methoxyl  Values  of  Pectins  as  Determined  by  Different  Methods 

(All  values  calculated  on  moisture-,  ash-,  and  ethanol-free  basis) 

Saponification  Methods 


Sample 

No. 


123 
102 
115 
91 
91B 
91C 
91E 
91G 
91H 
91 J 
115B 


Zeisel 

Myers- 

Method 

Method 

Pectase 

Description 

Method 

Baker 

A 

B 

Method 

% 

% 

% 

% 

% 

Commercial  citrus  pectin 

10.04 

10.87 

9.50 

9.80 

Commercial  apple  pectin 

7.05 

7.58 

6.56 

6.99 

Purified  apple  pectin 

10.24 

10.59 

10.06 

10.17 

Purified  apple  pectin 

9.44 

10.09 

9.34 

9.39 

Acid-demethylated  apple  pectin 

6.76 

6.73 

6.64 

6.55 

Acid-demethylated  apple  pectin 

5.13 

5.25 

5.12 

5.04 

Acid-demethylated  apple  pectin 

1.74 

1.98 

1.91 

1.79 

Enzyme-demethylated  apple  pectin 

6.01 

6.62 

5.84 

5.99 

Enzyme-demethylated  apple  pectin 

4.51 

5.24 

4.43 

4.57 

Enzyme-demethylated  apple  pectin 

1.99 

2.60 

1.92 

2.02 

Alkali-demethylated  apple  pectin 

5.66 

6.53 

5.62 

5.73 

Average  deviation  from  Zeisel 

Std. 

0.50 

0.21 

0.10 

0.09 

Precision  of  method 

±0.04 

±0.03 

±0.03 

±0.02 

±0.02 

in  Table  II.  Comparison  of  the  data  shows  that  this  method 
gives  higher  values  than  the  Zeisel  method.  The  difference  is 
much  less  for  acid-deesterified  than  for  other  types  of  pectins. 

To  work  out  procedures  suitable  for  different  kinds  of  pectin, 
it  was  necessary  to  ascertain  the  rate  and  extent  of  saponification 
under  various  conditions  of  time,  temperature,  and  alkali  con¬ 
centration. 

The  rate  of  saponification  was  studied  with  an  enzyme-de- 
esterified  pectin  (4.51%  CH30)  and  an  acid-deesterified  pectiD 
(5.13%  CH3O),  both  purified  by  the  method  of  Olsen  et  al.  (15). 
These  two  samples  were  chosen  because  they  have  comparable 
methyl  ester  contents  and  yet  represent  two  types  of  pectins  that 
differ  in  saponification  behavior. 

Two  grams  of  pectin  pretreated  to  remove  adsorbed  ethanol 
were  weighed  into  a  600-ml.  beaker,  moistened  with  ethanol,  and 
dissolved  with  400  ml.  of  distilled  water  using  a  mechanical  stir¬ 
rer.  The  solution  was  titrated  to  pH  7.5  with  0.500  N  sodium  hy¬ 
droxide,  a  Beckman  pH  meter  being  used  to  determine  the  end 
point.  [Hinton  (9)  found  the  neutralization  point  of  pectinic 
acids  to  be  pH  7.5.  Although  the  neutralization  point  varies 
slightly  with  the  concentration  of  pectin,  the  authors  found  that 
the  value  7.5  was  a  satisfactory  end  point  for  the  range  of  pectin 
concentrations  encountered  in  the  present  study.]  The  neu¬ 
tralized  solution  was  transferred  to  a  stoppered  flask,  adjusted 
to  25°  C.,  and  saponified  by  adding  a  measured  volume  of  0.500  N 
sodium  hydroxide.  When  the  saponification  had  proceeded 
for  the  desired  time,  0.500  N  sulfuric  acid  was  added  in  an 
amount  equal  to  the  sodium  hydroxide  used  for  the  saponifica¬ 
tion.  The  solution  was  then  titrated  to  pH  7.5  as  in  the  first 
titration,  1  ml.  of  0.500  N  sodium  hydroxide  used  in  the  final 
titration  being  equivalent  to  0.0155  gram  of  methoxyl.  Two 
amounts  of  0.500  N  sodium  hydroxide  were  used — 40  ml.  per  2 
grams  of  pectin,  corresponding  to  the  Myers-Baker  saponifica¬ 
tion  procedure,  and  a  smaller  amount,  which  was  5  ml.  in  excess 
of  the  amount  equivalent  to  the  methoxyl  values  of  the  respective 
pectins. 

It  is  apparent  from  a  study  of  the  data  in  Figure  1  that  no  single 
set  of  conditions  can  be  employed  for  the  accurate  determination 
of  methyl  ester  in  various  types  of  pectin  by  saponification.  Ad¬ 
ditional  studies  were  made,  in  which  temperatures  as  low  as 
0°  C.  and  as  high  as  40°  C.  were  used.  Other  alkaline  reagents, 
such  as  alkaline  salts  and  organic  bases,  were  also  used,  but  no 
better  results  were  obtained.  A  series  of  carbonate  buffers  in 
the  range  of  pH  9.9  to  11.0  was  tried  without  success.  In  all 
cases  it  was  impossible  to  reduce  the  large  saponification  error 
that  occurred  when  enzyme-demethylated  pectin  was  saponified 
under  conditions  necessary  to  saponify  the  acid-deesterified  pec¬ 
tin  completely. 

Recent  studies  in  this  laboratory  (7)  have  shown  that  acid 
deesterification  progressively  removes  the  pectin  nongalacturon¬ 
ide  material  from  the  polygalacturonide  portion,  whereas  enzyme 
deesterification  does  not  appreciably  affect  these  nongalacturon¬ 
ide  materials.  It  is  apparent  that  the  methoxyl  values  of  pectins 
differing  in  galacturonide  content  are  not  strictly  comparable. 
A  more  accurate  basis  for  comparison — namely,  the  per  cent 
esterification  of  the  galacturonide  chain — 

_ _  has  been  presented  (7). 

The  acid-deesterified  pectin  used  in  this 
study  contained  only  16.9%  of  nongalac- 
turonide  material,  little  if  any  of  which 
was  araban.  The  enzyme-deesterified 
pectin,  which  had  approximately  the  same 
nongalacturonide  content  as  the  pectin 
from  which  it  was  derived  (24.5%),  con¬ 
tained  both  araban  and  galactan.  As 
pointed  out  by  Hirst  and  Jones  (10),  acid 
removes  the  araban  fraction  much  more 
readily  than  the  galactan  fraction.  Thus 
one  may  conclude  that  the  araban  fraction, 
or  some  other  easily  removable  constituent, 
is  responsible  for  the  observed  differences 
in  the  saponification  behavior  of  these  two 
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pectins.  Nondeesterified  and  alkali-deesterified  pectins  show  the 
!  same  type  of  saponification  behavior  as  enzyme-deesterified 
pectin. 

Since  no  single  set  of  conditions  could  be  used,  two  saponifica¬ 
tion  procedures  were  evolved — one  for  acid-demethylated  pec¬ 
tins  and  another  for  all  other  types.  The  procedures  differ  in 
the  amount  of  alkali  used  and  the  time  required  for  saponifica¬ 
tion. 

Method  A  (for  all  types  of  pectin  except  acid-deesterified). 
Two  grams  of  pectin  are  weighed  into  a  600-ml.  beaker,  moistened 
with  alcohol,  and  dissolved  in  400  ml.  of  distilled  water  by  agi¬ 
tating  with  a  mechanical  stirrer.  The  solution  is  titrated  to  pH 
7.5  by  adding  0.500  N  sodium  hydroxide  from  a  10-ml.  buret. 
A  pH  meter  equipped  with  extension  electrodes  is  especially  con¬ 
venient  for  the  titration.  (The  correct  pH  value  can  be  ob¬ 
tained  only  on  a  solution  which  is  at  rest.  Stirring  causes  the 
apparent  pH  value  to  drift  from  0.10  to  0.50  pH  unit  below  the 
correct  value,  depending  on  the  ion  concentration  of  the  solution.) 
The  neutralized  solution  is  transferred  to  a  500-ml.  Erlenmeyer 
flask,  and  the  temperature  is  adjusted  to  25°  ±  1°  C.  An 
amount,  x,  of  0.500  N  sodium  hydroxide  is  added  which  is  5.0 
ml.  (  ±0.5  ml.)  in  excess  of  the  amount  equivalent  to  the  methoxyl 
content  of  the  sample.  It  may  be  necessary  to  run  a  preliminary 
saponification  to  determine  the  approximate  amount.  The  solu¬ 
tion  is  allowed  to  stand  at  room  temperature  for  30  minutes  ( ±2 
minutes).  Then  as  much  0.500  N  sulfuric  acid  is  added  as  is 
equivalent  to  the  amount,  x,  of  sodium  hydroxide  used  in  the 
saponification,  and  the  solution  is  titrated  to  pH  7.5  with  0.500  N 
sodium  hydroxide.  The  amount  of  0.500  N  sodium  hydroxide 
used  in  the  final  titration,  y,  subtracted  from  the  amount  added 
for  the  saponification,  x,  should  equal  5.0  =*=  0.5  ml.  If  not,  the 
saponification  should  be  repeated  with  a  different  amount  of 
0.500  N  sodium  hydroxide  determined  by  a  new  estimate.  The 
per  cent  methoxyl  is  calculated  from  the  amount  of  0.5  N  sodium 
hydroxide,  y,  consumed  in  the  saponification  (after  correcting  for 
the  blank): 

ml.  of  0.500  N  NaOH  X  1.55 
'°  3  grams  of  pectin 

Method  B  (for  acid-deesterified  pectins).  The  saponification 
is  carried  out  as  described  in  Method  A,  except  that  40.0  ml.  of 
0.500  N  sodium  hydroxide  are  used  for  the  saponification,  and  the 
time  is  increased  to  40  minutes.  The  final  titration  and  the  calcu¬ 
lations  are  made  in  the  same  way. 

Conditions  of  time,  temperature,  and  alkali  concentration  must 
be  adhered  to  rigidly  if  accurate  and  reproducible  results  are  to 
be  obtained.  For  example,  in  Method  A  an  excess  of  6  ml.  of 
0.500  N  sodium  hydroxide  instead  of  5  ml.  increased  the  methoxyl 
value  by  0.17%,  and  a  40-minute  instead  of  a  30-minute  interval 
increased  the  results  by  0.25%. 

Titration  with  a  glass  electrode  pH  meter  is  accurate  and  sen¬ 
sitive  to  additions  of  less  than  0.01  ml.  of  0.500  N  sodium  hy¬ 
droxide.  The  titrations  may  also  be  carried  out  with  an  indicator, 
such  as  Hinton’s  (9),  having  a  color  change  near  pH  7.5.  How¬ 
ever,  the  sensitivity  of  the  end  point  is  materially  reduced,  and 
this  in  turn  affects  the  precision  of  the  method. 

The  methyl  ester  contents  of  a  number  of  pectins  were  deter¬ 
mined  by  the  Myers-Baker  saponification  method  and  by  the 
two  improved  procedures  described  above  (Table  II).  For  pur¬ 
poses  of  comparison,  the  results  are  given  on  a  moisture-,  ash-, 
and  ethanol-free  basis.  In  actual  practice,  the  saponification  and 
the  pectase  methoxyl  values  would  not  be  determined  on  an 
ethanol-free  basis,  because  the  use  of  extra  time  for  removal  of 
adsorbed  ethanol  would  be  impractical  in  a  rapid  method  of 
analysis.  The  error  involved  is  due  to  the  inclusion  of  1  to  4% 
of  ethanol  in  the  weight  of  the  sample.  For  many  purposes  an 
error  of  this  magnitude  is  permissible.  When  compared  with  the 
Zeisel  values,  the  Myers-Baker  values  for  all  except  acid-de- 
methylated  pectins  are  from  0.35  to  0.87%  (average,  0.50%)  too 
high  (Table  II).  The  results  by  the  two  improved  saponification 
.  procedures  show  deviations  from  the  Zeisel  values  of  0.10  to 
0.54%  (average,  0.21%)  and  0.01  to  0.17%  (average,  0.10%), 
i  respectively. 

The  saponification  method  is  limited,  in  that  it  attempts  to 
balance  the  incomplete  saponification  of  the  methyl  ester  groups 


against  the  saponification  error  caused  by  the  reaction  of  the 
alkali  with  the  ballast  materials  or  impurities  of  the  sample.  The 
method  is  rapid,  but  to  select  the  correct  procedure  it  is  necessary 
to  know  the  type  of  pectin  being  analyzed. 

PECTASE  METHOD 

A  reliable  and  convenient  enzymic  procedure,  in  which  pectase 
is  employed  for  the  quantitative  determination  of  pectin  methyl 
ester,  has  been  in  use  in  this  laboratory  for  the  past  3  years. 
This  method,  which  has  not  been  previously  reported  in  the  litera¬ 
ture,  represents  a  somewhat  different  approach  to  the  problem 
of  determining  pectin  methyl  ester.  It  avoids  the  sources  of  error 
encountered  in  the  saponification  methods  and  also  avoids  special 
treatment  of  the  sample,  which  is  often  necessary  for  correct 
Zeisel  results. 

Tomatoes  are  especially  rich  in  pectase  (13),  and  the  enzyme 
may  be  conveniently  prepared  from  this  source  by  the  following 
procedure: 

Firm  ripe  tomatoes  are  ground  to  a  pulp  in  a  food  chopper. 
The  acidity  of  the  pulp  is  adjusted  to  pH  7.5  by  adding  2  N  so¬ 
dium  hydroxide  with  stirring,  and  the  mixture  is  allowed  to  stand 
at  room  temperature  for  a  few  minutes,  in  order  to  free  the  pec¬ 
tase  from  the  pulp.  The  extract  is  drained  through  cheesecloth 
and  then  filtered  through  coarse  filter  paper.  The  filtrate  is 
covered  with  xylene  or  other  suitable  preservative  and  allowed 
to  stand  at  room  temperature  for  one  day  to  hydrolyze  any  pec¬ 
tin  present,  after  which  it  should  be  stored  at  a  temperature  near 
0°  C. 

The  extract  is  very  stable  and  may  be  kept  for  several  days  at 
room  temperature  or  for  several  months  at  a  lower  temperature 


Figure  2.  Rate  of  Hydrolysis  of  Pectin  Methyl  Ester  by 
Pectase 

Hydrolysis  of  2  grams  of  pectin  by  different  quantities  of  tomato  pectase  extract 
at  25°  C.  in  buffered  solution.  Initial  pH  7.5.  Final  pH  5.4 


510 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  17,  No.  8 


for  example,  a  tomato  pectase  extract  which  had  been  stored  for 
30  months  at  0°  C.  retained  71%  of  its  original  pectase  activity. 

The  rate  of  hydrolysis  of  pectin  methyl  ester  by  three  concen¬ 
trations  of  pectase  is  shown  in  Figure  2.  The  hydrolysis  pro¬ 
ceeded  rapidly  but  did  not  reach  completion.  After  2  hours  the 
pectin  contained  from  0.65  to  0.85%  methoxyl,  and  at  18  hours 
from  0.55  to  0.65%.  A  3-day  hydrolysis  with  20  ml.  of  pectase 
extract  reduced  the  methoxyl  value  to  0.50%,  and  a  20-day  hy¬ 
drolysis  did  not  reduce  it  further. 

A  joint  contribution  from  this  laboratory  and  the  Delaware 
Agricultural  Experiment  Station  by  Hills,  White,  and  Baker  (8) 
reported  that  tomato  pectase  hydrolyzed  pectin  to  a  residual 
methoxyl  value  of  1.8%.  This  high  value  was  obtained  by 
analyzing  the  dried  pectinate  by  the  Myers-Baker  saponification 
method,  which,  as  now  known,  gives  erroneous  results.  The 
residual  methoxyl  was  subsequently  redetermined  by  means  of 
the  Zeisel  method  (on  ethanol-free  samples),  and  values  were  ob¬ 
tained  in  the  range  of  0.43  to  0.50%  methoxyl. 

The  rate  curves  shown  in  Figure  2  suggest  that  an  enzyme 
method  can  be  devised  which  yields  methoxyl  values  in  agree¬ 
ment  with  the  Zeisel  procedure,  provided  a  correction  is  made 
for  residual  unhydrolyzed  methyl  ester.  The  method  adopted 
uses  20  ml.  of  tomato  pectase  extract  and  a  reaction  time  of  2 
hours  at  25°  C.  For  most  pectins  the  correction  to  be  applied 
for  the  residual  methyl  ester  is  0.75%  methoxyl.  This  value  for 
the  residual  methyl  ester  was  determined  by  Zeisel  analysis  of 
the  dried  residues  of  six  pectin  samples  which  had  been  subjected 
to  pectase  hydrolysis  as  described  above.  The  samples  studied 
represent  a  wide  range  of  types  of  pectin  and  are  designated  in 
Table  II  as  Nos.  123, 102, 115,  91C,  91H,  and  115B.  Their  respec¬ 
tive  residual  methoxyl  values  were  0.64,  0.63,  0.75,  0.84,  0.85, 
and  0.80%;  average  0.75  ±  0.09%  methoxyl. 

For  acid-deesterified  pectins  analyzing  less  than  3%  methoxyl 
a  smaller  correction  is  necessary,  because  extensive  acid  treatment 
hydrolyzes  a  portion  of  the  methyl  ester  resistant  to  pectase 
hydrolysis.  Determination  of  the  residual  methoxyl  values  for  a 
series  of  acid-deesterified  pectins  containing  0.6  to  3.0%  methoxyl 
showed  that  the  correction  to  be  added  for  such  pectins  is  25% 
of  the  observed  pectase  value. 

The  recommended  procedure  is  as  follows: 


Two  grams  of  pectin  are  weighed  into  a  600-ml.  beaker,  moist¬ 
ened  with,  ethanol,  and  dissolved  with  400  ml.  of  distilled  water 
with  the  aid  of  a  mechanical  stirrer.  Ten  milliliters  of  2  A’  sodium 
acetate  solution  and  10  ml.  of  2%  sodium  oxalate  solution  are 
added.  The  pectin  solution  is  neutralized  to  pH  7.50  by  adding 
0.500  N  sodium  hydroxide  from  a  10-ml.  buret,  a  pH  meter 
equipped  with  extension  leads  being  used  to  determine  the  exact 
end  point.  Twenty  milliliters  of  tomato  pectase  extract  (ad¬ 
justed  to  pH  7.50  before  use)  are  added  to  the  neutralized  pectin 
solution.  The  contents  of  the  beaker  are  mixed  by  stirring  and 
allowed  to  stand  at  room  temperature  for  2  hours.  At  the  end  of 
this  tune  the  solution  is  titrated  to  pH  7.50.  A  blank  determina¬ 
tion  is  made  without  the  pectin,  and  the  indicated  correction  is 
applied.  The  methyl  ester  content  of  the  sample,  calculated  as 
per  cent  methoxyl,  is 


%  CH30 


ml.  of  0.500  N  NaOH  X  1.55  .  .  __ 

- t - tt -  +  0.75 

grams  of  pectin 


If  the  sample  is  an  acid-deesterified  pectin  with  a  methoxyl 
value  less  than  3%,  the  formula  is 


%  CHaO 


ml.  of  0.500  N  NaOH  X  1.94 
grams  of  pectin 


Results  obtained  by  the  pectase  method  are  affected  only 
slightly  by  variations  in  the  conditions  of  hydrolysis.  For  ex¬ 
ample,  as  shown  in  Figure  2,  varying  the  added  pectase  from  50 
to  250%  of  the  stipulated  amount  changed  the  residual  methoxyl 
by  only  0.10%.  The  pectase  activity  of  a  large  number  of  tomato 
extracts  prepared  in  the  manner  here  described  showed  variations 
of  less  than  20%  from  the  average.  Therefore  it  is  not  necessary 
to  standardize  the  amount  of  pectase  used  in  the  hydrolysis,  be¬ 


cause  normal  variations  in  activity  from  one  preparation  to 
another  would  not  be  sufficient  appreciably  to  affect  accuracy. 

The  methoxyl  values  for  a  number  of  pectins  analyzed  by  the 
pectase  method  are  recorded  in  the  last  column  of  Table  II.  The 
analyses  show  an  average  deviation  from  the  Zeisel  values  of 
0.09%.  The  over-all  precision,  as  determined  by  agreement  be¬ 
tween  duplicate  analyses  made  on  different  days  and  with  dif¬ 
ferent  pectase  extracts,  was  0.02%  methoxyl.  The  pectase 
method  gives  a  satisfactory  degree  of  accuracy  for  all  types  of 
pectin.  For  more  rapid  determinations  of  methyl  ester,  as  may 
be  required  in  plant  control  work,  the  2-hour  pectase  method  may 
be  reduced  to  30  minutes  by  using  50  ml.  of  tomato  pectase  ex¬ 
tract  (see  Figure  2).  The  value  for  the  residual  methyl  ester  in 
this  case  is  0.85%  methoxyl. 

SUMMARY 

The  Zeisel  and  saponification  methods  for  determining  the 
methyl  ester  content  of  pectic  substances  have  been  studied, 
sources  of  error  indicated,  and  remedial  measures  suggested.  A 
third  method,  employing  the  enzyme  pectase,  has  been  developed. 

The  presence  of  adsorbed  ethanol  in  pectin  was  confirmed  by 
the  detection  of  ethyl  iodide  in  the  Zeisel  distillate.  This  source 
of  error  was  eliminated  by  an  improved  water-vapor  treatment  of 
the  pectin  sample. 

The  published  saponification  methods  usually  give  high  values, 
owing  to  the  action  of  alkali  on  the  non  galacturonide  constituents 
of  pectin.  The  nature  and  amount  of  these  interfering  substances 
in  different  types  of  pectins  vary  widely.  In  order  to  analyze  all 
types,  it  was  necessary  to  develop  two  saponification  methods. 
For  acid-demethylated  pectins  the  Myers-Baker  method  was 
modified  by  using  a  shorter  saponification  time.  For  other  types 
of  pectins,  which  contain  appreciable  amounts  of  interfering  sub¬ 
stances,  a  saponification  procedure  was  developed  which  gives 
more  nearly  correct  results  than  the  methods  commonly  used. 

A  new  procedure  is  presented  which  utilizes  the  specific  action 
of  the  enzyme  pectase  for  hydrolyzing  pectin  methyl  ester,  with  a 
correction  for  the  methyl  ester  remaining  unhydrolyzed. 

With  pectin  samples  free  of  interfering  solvent  the  Zeisel 
method  gives  accurate  results  and  is  considered  to  be  the  reference 
method.  However,  it  is  time-consuming,  requires  special  appara¬ 
tus,  and  necessitates  a  pretreatment  of  the  sample.  The  saponi¬ 
fication  methods  presented  are  rapid,  but  presuppose  a  knowledge 
of  the  type  of  pectin  being  analyzed.  The  pectase  method  is 
preferred  for  general  use;  it  is  more  rapid  than  the  Zeisel  method, 
involves  fewer  sources  of  error  than  the  saponification  method. 
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A  procedure  for  the  determination  of  small  amounts  of  lead  in  cor¬ 
rosion-resistant  steels  is  suggested.  The  method  is  rapid  and  the 
precision  is  greater  than  in  any  other  procedure  investigated.  Lead 
is  removed  from  the  bulk  of  interfering  elements  by  utilizing  a  seed¬ 
ing  out  procedure,  employing  ammonium  hydroxide  and  hydrogen 
sulfide,  and  is  finally  isolated  by  selective  extraction  with  a  chloro¬ 
form  solution  of  dithizone.  Final  estimation  may  be  made  both 
visually  and  by  photoelectric  colorimeter. 

IN  CONNECTION  with  an  investigation  of  residual  elements 
in  corrosion-resistant  steel  (4,  7),  a  procedure  for  the  quanti¬ 
tative  determination  of  very  small  amounts  of  lead  was  required. 
The  usual  methods  lacked  the  required  sensitivity,  especially  for 
the  complex  material  to  be  analyzed.  The  increasingly  popular 
dithizone  reaction,  introduced  by  Fischer  (£)  in  1925,  offered  the 
sensitivity  for  the  range  of  lead  expected,  0.1  to  0.001  mg. 

All  attempts  at  a  direct  separation  of  lead  by  dithizone  failed, 
primarily  because  of  the  oxidizing  action  of  ferric  iron  upon  dithi¬ 
zone  in  a  basic  solution  (6),  or  the  formation  of  insoluble  lead  fer- 
rocyanide  in  the  reduced  medium.  Although  direct  extraction  of 
lead,  by  dithizone,  from  steel  has  been  claimed  by  several  labora- 


Figure  1.  Lead-Dithizone  System 

A.  0.002%  solution,  using  1  -cm.  cell 

B.  0.01  5%  lead,  as  dithizonate,  with  excess  dithizone  present,  using  a  1-cm. 

cell 

C.  0.01  5%  lead,  as  dithizonate,  with  excess  dithizone  removed,  using  1-cm. 

cell 


tories  (private  communication),  the  only  effective  means  found 
by  the  authors  of  separating  small  quantities  (0.1  to  0.01  mg.)  of 
lead  from  high  nickel-high  chromium  corrosion-resistant  steel 
was  that  suggested  by  Lundell  and  Hoffman  ( 3 )  using  hydrogen 
sulfide  and  “seeding  out”  with  ammonium  hydroxide. 

REAGENTS 

Standard  Lead  Solution  (1  ml.  =  0.02  mg.  of  lead).  Dis¬ 
solve  3.197  grams  of  lead  nitrate  in  a  1000-ml.  volumetric  flask 
with  1%  nitric  acid  and  dilute  to  the  mark  with  the  acid.  Trans¬ 
fer  10  ml.  of  this  solution,  by  means  of  a  pipet,  to  another  1000- 
ml.  volumetric  flask  and  dilute  to  the  mark  with  1%  nitric  acid. 

Dilute  Nitric  Acid  (1%).  Dilute  10  ml.  of  nitric  acid,  spe¬ 
cific  gravity  1.42,  to  1000  ml.  with  distilled  water. 

Citric  Acid  (50%).  Dissolve  500  grams  of  reagent  citric  acid 
crystals,  CsHgCb.ILO,  in  distilled  water  and  dilute  to  1000  ml. 

Sodium  Cyanide  (10%).  Dissolve  100  grams  of  reagent  so¬ 
dium  cyanide  crystals  in  1000  ml.  of  distilled  water. 

Thymol  Blue  Indicator.  Dissolve  0.1  gram  of  thvmolsulfo- 
naphthalein  in  21.5  ml.  of  0.01  N  sodium  hydroxide  and  dilute 
to  250  ml.  with  distilled  water. 

Ammonia-Cyanide  Mixture.  To  a  500-ml.  volumetric  flask 
add  100  ml.  of  10%  sodium  cyanide  and  75  ml.  of  28%  ammonium 
hydroxide.  Dilute  to  the  mark  with  distilled  water.  Filter  the 
solution  if  it  is  not  clear. 

Dithizone  Solution  (0.002%).  Dissolve  0.020  gram  of  di- 
phenylthiocarbazone  in  chloroform  and  dilute  to  1000  ml.  with 
chloroform.  Store  in  a  dark  bottle  and  keep  in  a  cool  place.  No 
purification  of  the  Eastman  Kodak  product  was  found  necessary. 

PROCEDURE 

Weigh  a  1. 000-gram  sample  into  a  300-ml.  Erlenmever  flask 
and  dissolve  with  25  ml.  of  a  mixture  of  equal  parts  of  hydro¬ 
chloric  and  nitric  acids.  Add  25  ml.  of  70%  perchloric  acid  and 
a  few  drops  of  hydrofluoric  acid,  and  heat  to  strong  fumes  of 
perchloric  acid  to  oxidize  all  the  chromium.  Cool  and  dilute 
with  150  ml.  of  distilled  water.  Titrate  the  solution  with  1  to  1 
ammonium  hydroxide  until  the  iron  precipitate  just  redissolves. 
Pass  hydrogen  sulfide  into  the  solution  through  a  three-hole 
stopper  fitted  with  a  60-ml.  long-stemmed  separatory  funnel,  until 
the  solution  is  saturated.  Add  10  drops  of  1  to  5  ammonium  hy¬ 
droxide,  by  means  of  the  separatory  funnel,  and  continue  passing 
the  hydrogen  sulfide  for  3  minutes  more. 

Filter  immediately  through  an  11-cm.  No.  40  Whatman  filter 
paper,  rinsing  the  flask  and  washing  the  paper  with  cold  water 
saturated  with  hydrogen  sulfide.  Ignite  the  filter  paper  and  con¬ 
tents  in  a  No.  1  Coors  porcelain  crucible.  Cool  the  crucible  and 
add  10  ml.  of  hot  1  to  1  nitric  acid.  Stir  the  solution,  crush  any 
large  particles,  and  digest  for  a  few  minutes.  Filter  the  contents 
of  the  crucible  through  a  9-em.  No.  40  Whatman  filter  paper  into 
a  125-ml.  Squibb  separatory  funnel,  wa,sh  with  1%  nitric  acid, 
and  discard  the  paper.  Add  5  ml.  of  citric  acid  solution  to  the  fil¬ 
trate,  add  28%  ammonium  hydroxide  until  faintly  ammoniacal 
and  cool  under  a  cold  water  tap.  Add  10  ml.  of  sodium  cyanide 
solution.  Carefully  add  ammonium  hydroxide  until  a  drop  of 
thymol  blue  indicator  solution  shows  a  blue  color  indicating  a  pH 
of  9.0  to  9.6. 

Extract  repeatedly  with  10-ml.  portions  of  the  dithizone  solu¬ 
tion  by  shaking  vigorously  for  at  least  30  seconds.  Continue  the 
extractions  until  the  color  of  the  dithizone  layer  remains  un¬ 
changed.  Allow  each  successive  dithizone  layer  to  separate  for  2 
minutes  and  combine  all  the  extractions  in  another  clean  125-ml. 
separatory  funnel.  The  contents  of  the  first  separatory  funnel 
may  be  discarded.  Add  25  ml.  of  1%  nitric  acid  to  the  combined 
extracts  and  shake  well  to  free  the  lead  from  its  complex.  Allow 
the  layers  to  separate.  Drain  off  the  dithizone  layer  and  discard 
it.  Add  10  ml.  of  chloroform  to  the  acid  portion  and  shake  to 
remove  the  remaining  dithizone.  (If  the  lead  content  is  indica¬ 
tive  of  more  than  0.020%,  as  estimated  from  the  dithizone  ex¬ 
traction — i.e.,  using  more  than  30  ml.  of  the  dithizone  solution — 
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Table  I.  Analytical  Data 

Lead  Found 


Sample 

Total  Lead 
Present 

% 

By  visual 
comparison 

% 

By 

photoelectric 

colorimeter 

% 

T1755 

0.001 

0.001 

0.0010 

0.0010 

0.05  gram  N.B.S.  130 
+  0.95  gram  T1755 

0.0112 

0.011 

0.011 

0.0115 

0.0112 

0.10  gram  N.B.S.  130 
+  0.9  gram  T1755 

0.0213® 

0.020 

0.022 

0.0214 

0.0215 

0.15  gram  N.B.S.  130 
+  0.85  gram  T1755 

0.0315° 

0.030 

0.032 

0.0314 

0.0318 

T1755  +  0.01  mg.  lead6 

0 . 0020 

0.001 

0.002 

0.0021 

0.0024 

T1755  +  0.03  mg.  lead6 

0.0040 

0.004 

0.004 

0.0043 

0.0040 

T1755  +  0.05  mg.  lead6 

0.0060 

0.005 

0.005 

0.0060 

0.0064 

T1755  +  0.10  mg.  lead6 

0.0110 

0.011 

0.012 

0.0115 

0.0114 

T1755  +  0.15  mg.  lead6 

0.0160 

0.014 

0.015 

0.0158 

0.0158 

T1755  +  0.20  mg.  lead6 

0.0210 

0.020 

0.021 

0.0204 

0.0210 

a  One-half  aliquot  taken. 

6  Added  as  standard  lead  solution  to  dry  sample  in  flask. 


wash  the  acid  solution  into  a  volumetric  flask  and  dilute  to  volume 
with  1%  nitric  acid.  Take  a  suitable  aliquot  and,  if  necessary, 
make  up  to  25  ml.  with  1%  nitric  acid.)  Add  5  ml.  of  ammonia- 
cyanide  mixture  to  the  25  ml.  of  1%  nitric  acid  containing  the 
lead.  Measure  exactly  30  ml.  of  the  dithizone  solution  into  the 
separatory  funnel  and  mix  by  shaking  for  1  minute.  Allow  the 
layers  to  separate  for  at  least  2  minutes  and  draw  off  the  lower 
layer  into  a  high-form  50-ml.  Nessler  tube.  Stopper  tightly  and 
compare  with  standards.  Carry  a  blank  on  reagents  through  the 
entire  procedure  and  subtract  any  correction  from  the  result  ob¬ 
tained  by  visual  comparison. 

Preparation  of  Standards.  To  a  series  of  11  clean  separa¬ 
tory  funnels  add  from  0.0  to  10.0  ml.  of  the  standard  lead  solu¬ 
tion,  in  increments  of  0.02  mg.  (0.002%),  and  dilute  to  25  ml. 
with  1%  nitric  acid.  Add  5  ml.  of  ammonia-cyanide  mixture  and 
exactly  30  ml.  of  the  dithizone  solution.  Mix  by  shaking  for  1 
minute  and  allow  the  layers  to  separate  for  at  least  2  minutes. 
Transfer  the  dithizone  layers  to  50-ml.  high-form  Nessler  tubes, 
stopper,  and  place  in  a  color  tube  support.  Compare  the  un¬ 
known  with  the  standards  by  viewing  transversely,  using  a  titra¬ 
tion  lamp  or  other  similar  source  of  light.  The  distinction  of 
0.001%  is  easily  discernible. 

Photoelectric  Colorimeter  Estimation.  After  the  final 
shake-out,  instead  of  transferring  the  lead-dithizone  to  a  Nessler 
tube,  siphon  off  the  aqueous  layer.  Add  20  ml.  of  2%  ammonium 
hydroxide  and  5  ml.  of  10%  sodium  cyanide,  shake  vigorously, 
and  allow  the  layers  to  separate.  Siphon  off  the  ammonia  layer 
and  repeat  the  shake-out  with  the  same  solutions.  The  excess 
dithizone  is  usually  removed  by  two  shake-outs,  but  a  third 
may  be  necessary.  Drain  the  lead  dithizonate  into  a  50-ml. 
Nessler  tube  and  rinse  the  separatory  funnel  with  10  ml.  of  chloro¬ 
form.  Dilute  to  50  ml.  with  chloroform.  Read  the  solution  in  a 
Klett-Summerson  photoelectric  colorimeter,  using  a  No.  52  filter 
after  setting  the  instrument  at  zero  with  chloroform.  Determine 
the  percentage  of  lead  present  by  reference  to  a  calibration  curve 
prepared  by  treating  a  set  of  standard  solutions  in  the  manner  de¬ 
scribed. 

DISCUSSION 

The  usual  methods  for  determining  lead  were  investigated: 
gravimetrically  as  the  chromate,  molybdate,  and  sulfate;  electro- 
lytically  as  the  peroxide.  A  purification  of  the  sulfate  by  extrac¬ 
tion  with  ammonium  acetate  was  also  attempted.  The  initial 
hydrogen  sulfide  separation,  common  to  all  the  above  procedures, 
presented  difficulties.  The  careful  adjustment  of  hydrogen-ion 
concentration  and  the  large  bulk  of  precipitated  impurities  made 
the  subsequent  separations  entirely  unreliable.  On  many  oc¬ 
casions  no  lead  was  found  spectrographically  in  the  precipitate 
from  any  of  the  gravimetric  methods  when  known  amounts  of 
lead  had  been  added.  The  electrolytic  determination  was  not 
considered  adaptable  to  microquantities  of  lead.  Volumetric 
methods  were  expected  to  prove  equally  inadequate  for  use  on 
corrosion-resistant  steels.  Seeding  out  of  basic  iron  sulfide,  with 


accompanying  coprecipitation  of  lead,  by  hydrogen  sulfide  was  the 
only  method  of  separation  giving  consistent,  satisfactory  results. 

The  dithizone  separation  and  estimation  of  lead  adopted  were 
essentially  the  same  as  those  found  in  many  methods  for  deter¬ 
mination  of  lead  in  organic  and  biological  materials  recorded  in 
the  literature  during  the  past  12  years  (1 ,  5,  8,  10).  Stannous  tin, 
bismuth,  and  thallium  are  the  only  interfering  elements.  Tin  is 
readily  oxidized  by  the  nitric  acid  used  for  solution  of  the  lead 
after  ignition;  bismuth  and  thallium  rarely  occur  in  a  corrosion- 
resistant  steel  except  when  deliberately  added.  If  the  presence 
of  bismuth  is  suspected,  it  can  be  extracted  from  the  nitric  acid 
solution  at  pH  2.0  with  dithizone  in  chloroform  (9). 

For  routine  work  the  mixed  colors,  of  the  dithizone-lead  di¬ 
thizonate,  were  compared  visually  with  standards.  The  stand¬ 
ards  were  prepared  weekly  and  no  appreciable  change  was  noticed 
during  this  time,  provided  the  tubes  were  kept  well  stoppered  and 
at  a  temperature  below  80°  F.  Results  were  reproducible  and 
the  accuracy  was  consistently  within  ±0.002%  (Table  I). 

A  spectrophotometric  investigation  was  made  for  the  purpose 
of  estimating  lead  with  a  photoelectric  colorimeter.  Transmis¬ 
sion  curves  were  made  for  the  single  and  mixed-color  dithizone 
solutions  using  a  General  Electric  recording  spectrophotometer 
with  a  slit  width  of  10  millimicrons.  A  study  of  the  transmission 
curves  in  Figure  1  discloses  that  the  lead  dithizonate  shows  an 
absorption  peak  at  approximately  520  millimicrons.  The  dithi¬ 
zone  reagent  shows  two  absorption  peaks,  at  approximately  440 
and  600  millimicrons.  A  Klett-Summerson  No.  52  filter,  with  a 
mean  transmission  of  520  millimicrons,  was  chosen  for  the  Klett- 
Summerson  colorimeter  used  by  the  authors.  In  addition  to  some 
interference  by  the  reagent  at  the  absorption  maximum  for  the 
lead  dithizonate,  there  was  also  some  interference  from  the  re¬ 
agent  due  to  the  wide  transmission  range  of  the  filter.  Readings 
on  mixed-color,  dithizone-lead  dithizonate  solutions  were  irregu¬ 
lar  and  no  reasonable  curve  could  be  drawn. 

After  removing  the  excess  dithizone  with  an  ammoniacal  solu¬ 
tion  and  reading  the  lead  dithizonate,  using  the  No.  52  filter  in 
the  colorimeter,  very  satisfactory  results  were  obtained  which 
gave  a  maximum  deviation  of  ±0.001%  (Table  I).  Lead  dithi¬ 
zonate  is  appreciably  soluble  in  the  excess  dithizone  extracting 
solution  (10).  However,  if  the  volume  and  the  washes  are  kept 
uniform  no  serious  error  results  from  this  solubility  factor.  The 
curve  is  made  from  a  set  of  standards  carried  out  in  the  pre¬ 
scribed  manner.  It  follows  Beer’s  law  for  all  practical  purposes. 
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Gas  Cell  (or  Beckman  Quartz  Spectrophotometer 

NORMAN  D.  COGGESHALL,  Gulf  Research  &  Development  Company,  Pittsburgh,  Pa. 


A  double-compartment  gas-absorption  cell  for  use  with  the  Beck¬ 
man  quartz  spectrophotometer  is  described.  The  assembly  consists 
of  a  machined  brass  block,  quartz  windows,  and  packless  valves 
connected  to  standard  ground-glass  joints. 

IN  THE  course  of  applying  a  Beckman  quartz  spectrophotom¬ 
eter  to  analytical  work,  it  was  found  desirable  to  analyze  for 
gaseous  absorbers  such  as  butadiene.  Since  most  of  the  demands 
for  analyses  were  for  liquid  samples  and  the  need  for  the  analyses 
of  gas  samples  was  not  continuous,  a  gas  cell  that  could  be  used 
in  the  same  manner  as  the  liquid  cells  without  any  special  con¬ 
version  was  needed.  The  cell  described  below  has  been  very 
successful  for  this  type  of  need,  and  this  description  is  being  pub¬ 
lished  that  others  may  take  advantage  of  the  author’s  experience. 

The  complete  cell  assembly  (Figure  1)  consists  of  a  brass  block 
machined  for  two  separate  gas  compartments,  quartz  plates 
cemented  to  the  machined  surfaces  to  form  windows,  and  inner 
parts  of  ground-glass  joints  communicating  to  the  gas  compart¬ 
ments  through  two  metal  packless  valves.  These  metal  packless 
valves  were  designed  for  work  with  hydrocarbon  gases  and  are 
described  elsewhere  (/).  They  are  not  much  larger  than  glass 
stopcocks  and  are  needle  valves  equipped  with  metal  bellows  for 
mechanical  movement. 

The  distance  between  the  centers  of  the  two  gas  compartments 
is  the  same  as  the  corresponding  distance  for  two  adjacent  com¬ 
partments  of  the  liquid  cell  holder  furnished  with  the  Beckman 
instrument.  The  bottom  dimensions  of  the  brass  block  are  al¬ 
most  identical  with  the  bottom  dimensions  of  the  liquid  cell 
holder  and  this  allows  it  to  be  inserted  and  moved  back  and  forth 
by  means  of  the  cell  positioning  knob.  Relative  to  the  bottom 
dimensions,  the  two  gas  compartments  are  located  in  the  same 
positions  as  the  two  center  liquid  cell  compartments  and  this 
allows  light  transmission  to  be  obtained  when  the  cell  positioning 
rod  is  in  position  2  or  3. 

The  packless  valves  are  connected  to  the  brass  block  by  means 
of  sections  of  0.25-inch  outside  diameter  metal  tubing  approxi- 


SECTION  A-A 


PLAN  VIEW 


Figure  2.  Structural  Details  of  Brass  Block  Forming  Main 
Body  of  Gas-Absorption  Cell 


mately  1  inch  long.  Attached  to  the  ends  of  the  valves  opposite 
the  metal  cells  are  short  sections  of  Kovar  tubing  onto  each  of 
which  has  been  made  a  glass-to-metal  seal.  To  this  is  sealed  the 
inner  part  of  a  Pyrex  ground-glass  joint  using  a  graded  seal. 


Figure  1 .  Double-Compartment  Gas-Absorption 
Cell 
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Figure  3.  Gas-Absorption  Cell  in  Working  Position 
Light-tight  cover  is  behind  slit-controlling  knob 
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For  evacuating  a  cell  or  filling  it  with  a  sample  it  is  connected  by 
means  of  the  ground-glass  joint  to  a  vacuum  and  gas-handling 
system. 

The  windows  on  the  two  gas  cells  were  made  by  cementing  two 
quartz  plates  onto  the  machined  faces  of  the  brass.  These  quartz 
plates  were  obtained  from  The  Thermal  Syndicate,  Ltd.,  12  East 
46th  St.,  New  York  17,  N.  Y.,  and  were  polished  enough  to  give 
them  good  transparency.  General  Electric  Glyptol  No.  1201-red 
was  used  to  cement  them  on. 

In  Figure  2  may  be  seen  the  construction  details  for  the  brass 
block,  which  is  machined  from  a  solid  piece  of  metal  by  standard 
shop  procedures.  The  metal  tubes  from  the  valves  are  soft- 
soldered  into  the  holes  entering  the  top  of  the  block.  The  holes 
drilled  from  the  ends  to  allow  communication  with  the  gas  com¬ 
partments  are  sealed  by  means  of  brass  plugs  set  in  silver  solder. 

The  extended  lightproof  cover  built  onto  the  instrument  to 
allow  head  room  for  the  metal  valves  and  the  ground-glass  joints 
can  be  seen  in  Figure  3.  A  metal  flange  is  built  around  the 
sample  compartment,  and  fastened  down  by  screws  to  the  metal 
parts  that  house  the  filter  slide  and  sample  mover.  Onto  this 
flange  is  slipped  the  rectangular  cover  seen  resting  on  the  instru¬ 
ment  just  beyond  the  slit-controlling  knob.  This  arrangement 
provides  a  light-tight  cover  that  allows  adequate  head  room  for 


the  movement  of  the  complete  gas  cell  assembly.  The  flange 
does  not  interfere  with  the  placing  of  the  liquid  cell  holder  in  the 
instrument,  and  the  same  cover  is  used  for  both  gas  and  liquid 
work  with  no  changes. 

One  compartment  is  used  as  comparison  cell.  Thus  if  the 
optical  density  of  one  cell  is  known,  using  the  other  as  a  standard, 
the  optical  density  of  the  sample  is  corrected  for  the  difference  of 
cell  transmission  by  a  simple  addition  or  subtraction.  The  cell 
correction  can  be  found  with  the  two  cells  either  evacuated  or 
filled  with  air.  For  the  author’s  case,  one  cell  had  a  transmission 
of  about  98.5%  of  that  of  the  other  over  the  useful  range  of  wave 
lengths. 

The  fact  that  this  gas  cell  can  be  used  at  any  time  with  no  in¬ 
strument  modifications  is  a  convenience,  since  gas  and  liquid 
samples  may  be  run  in  sequence  or  an  occasional  gas  sample  may 
be  run  in  the  midst  of  a  group  of  liquid  analyses  with  no  appre¬ 
ciable  interruption  of  the  analytical  work. 
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THE  RUGOSIMETER 


An  Instrument  for  Measuring  Surface  Roughness  of  Calendered  Sheet  Rubber 


MELVIN  MOONEY,  General  Laboratories,  United  States  Rubber  Company,  Passaic,  N.  J. 


A  new  instrument  has  been  designed  for  measuring  the  rugosity, 
or  surface  roughness,  of  calendered  raw  rubber  sheet  or  similar 
samples.  The  property  actually  measured  is  the  resistance  to  air 
flow  between  the  rough  surface  and  a  plane  test  surface  resting  on  it. 
The  apparatus  consists  essentially  of  the  following  elements  in 
series:  a  constant-pressure  air  valve,  a  large  needle  valve  with  a 
calibrated  scale,  a  manometer,  and  an  annular  test  plate  which  rests 
upon  the  surface  under  test.  The  needle  valve  is  opened  to  the  point 
at  which  the  pressure  on  the  manometer  is  one  half  the  pressure 
maintained  by  the  constant-pressure  valve.  The  resistance  of  the 
needle  valve  to  the  air  flow  is  then  equal  to  and  measures  the  re¬ 
sistance  of  the  test  plate  on  the  sample.  By  a  theoretical  formula 
this  air-flow  resistance  is  converted  to  "rugosity  height",  which  is  the 
height  of  the  hills  above  the  valleys  in  an  idealized  rough  surface  of 
sinusoidal  profile. 

IF  THE  processing  behavior  of  a  raw  rubber  stock  were  perfect, 
the  stock  would  come  through  a  calender  or  tuber  with  a  per¬ 
fectly  smooth  surface.  However,  even  a  close  approach  to  such 
behavior  is  the  exception  rather  than  the  rule  in  the  rubber  in¬ 
dustry;  and  the  surface  irregularities  associated  with  imperfect 
processing  are  of  such  general  occurrence  and  of  such  a  magnitude 
that  they  are  of  considerable  practical  importance.  Heretofore, 
imperfections  of  this  type  could  be  graded  only  by  visual  in¬ 
spection.  The  purpose  of  the  instrument  described  in  this  paper 
is  to  measure  surface  roughness,  and  thus  yield  a  quantitative, 
impersonal  figure  for  this  processing  quality  of  raw  stock. 

If  the  surface  of  a  sample  is  rough  but  approximately  plane — 
that  is,  departs  from  a  plane  surface  only  by  small  distances — 
complete  characterization  of  the  surface  would  require  in  general 
a  double  Fourier  series.  Obviously,  then,  any  instrument  which 
yields  a  single  figure  for  “roughness”  must  carry  out  some 
arbitrary  selecting  or  averaging  process  which  reduces  the  infinite 
number  of  parameters  of  the  Fourier  series  to  the  single  roughness 
figure.  This  means  that  samples  of  different  surface  types  would 
be  rated  differently,  in  general,  by  different  methods  of  roughness 
measurement;  and  ratings  by  any  one  method  might  not  be  cor¬ 
rect  for  a  particular  application.  However,  calendered  rubber 
surfaces  are  usually  of  a  wavy  type,  characterized  by  rounded 


ridges  or  valleys  and  approximate  symmetry  of  the  surface  above 
and  below  the  median  plane.  Then,  to  the  extent  that  samples 
to  be  measured  are  similar  in  type,  almost  any  measure  of  rough¬ 
ness  would  be  of  practical  value. 

The  basic  principle  of  the  instrument  described  is  the  same  as 
that  of  an  instrument  described  by  Nicolau  ( 1 )  for  testing  metal 
surfaces.  What  is  actually  measured  is  the  resistance  to  air  flow 
between  the  rough  surface  and  a  plane  surface  resting  on  it.  In 
conformity  with  Nicolau’s  terminology,  roughness  measured  by 
such  a  method  is  called  rugosity;  and  the  instrument  used  is 
called  a  rugosimeter.  The  instrument  as  described  is  designed 
primarily  for  measurements  of  calendered  sheet,  but  auxiliary 
devices  can  be  devised  for  similar  measurements  of  other  forms 
of  sample. 

A  clearer  conception  of  the  quality  of  the  rough  surfaces  under 
discussion  will  be  obtained  by  referring  to  the  article  by  White, 
Ebers,  and  Shriver  (2).  The  maximum  deviation  from  the 
median  plane  in  most  samples  is  of  the  order  of  a  few  tenths  of  a 
millimeter  or  less.  The  present  article  is  limited  to  a  description 
and  theoretical  analysis  of  the  rugosimeter. 

GENERAL  FEATURES  OF  RUGOSIMETER 

A  photograph  of  the  rugosimeter  is  shown  in  Figure  1,  and  a 
schematic  drawing  of  the  essential  parts  in  Figure  2.  Com¬ 
pressed  air,  fed  through  the  inlet,  I,  flows  through  the  water  trap, 
W ,  the  float  valve;  F,  the  graduated  needle  valve,  V,  and  the 
flexible  rubber  tube,  R,  to  the  annular  test  plate,  T.  Here  the 
air  escapes  through  the  spaces  between  the  smooth  bottom  of 
the  test  plate  and  the  rough  surface  of  the  sample,  S.  F  main¬ 
tains  a  constant  pressure,  P2,  in  the  line  between  F  and  V .  The 
pressure,  Pif  in  the  line  between  V  and  R  is  indicated  on  the 
tilted  manometer,  M.  Obviously,  we  deal  with  pressure  above 
atmospheric,  not  absolute  pressure. 

The  rougher  the  sample,  the  greater  are  the  air  spaces  between 
it  and  T,  and  the  more  easily  the  air  flows  through  these  spaces. 
The  function  of  the  apparatus  is  to  measure  the  flow  conductance, 
or  the  reciprocal  of  the  flow  resistance,  in  terms  of  the  graduated 
scale  on  valve  V.  If  the  test  plate  conductance  is  equal  to  that 
of  V,  the  pressure  drop  between  F  and  atmospheric  pressure  will 
be  equally  divided  between  V  and  T,  the  drop  in  the  connecting 
lines  being  neglected.  Standard  practice  is  therefore  to  adjust 
V  so  that  its  conductance  is  equal  to  the  conductance  of  T,  the 
correct  adjustment  being  indicated  by  the  fact  that  the  observed 
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Figure  1.  Rugosimeter 
Test  plate  turned  up  to  show  its  Form 


pressure  on  the  manometer,  M,  is  10  cm.,  which  is  1/2  the  pressure, 
20  cm.,  for  which  the  float  valve,  F,  is  adjusted. 

The  surface  property  directly  measured  in  the  test  is  therefore 
the  air-flow  conductivity,  or  surface  rheoconductivity.  The 
rugosity,  defined  as  the  height  of  the  hills  above  the  valley  in  the 
surface,  can  be  calculated  from  the  rheoconductivity  by  theo¬ 
retical  formulas  derived  below. 

It  is  a  matter  of  practical  convenience  that  all  calculations 
dealing  with  pressures  in  the  rugosimeter  involve  pressure  ratios 
only;  and  the  conversion  of  manometer  scale  readings  to  standard 
pressure  units  is  not  required.  Hence,  neither  the  slope  of  the 
manometer  (nominally  Vs)  nor  the  density  of  the  oil  requires 
close  control. 


PRINCIPLES  OF  THE  TEST 


In  making  an  analysis  of  this  test,  it  is  desirable  to  develop  some 
new  concepts  and  definitions. 


The  pressure  differences  in  the  rugosimeter  are  small;  and  it  is 
therefore  assumed  that  in  the  resulting  flow  there  is  no  turbu¬ 
lence,  and  the  density  of  the  air  is  uniform.  If  this  is  the  case,  the 
volume  of  flow  through  any  element  is  proportional  to  the 
pressure  drop  through  the  element,  and  is  inversely  proportional 
to  the  viscosity  of  the  air.  With  this  simple  law  of  flow  it  is 
natural  to  think  of  the  resistance  to  the  flow  of  a  fluid  of  unit 
viscosity  through  any  element  as  being  a  property  of  the  element. 
We  shall  call  this  property  the  rheoresistance,  and  its  reciprocal, 
the  rheoconductance;  or  sometimes,  for  brevity,  the  resistance 
or  the  conductance.  Then,  corresponding  to  Ohm’s  law  in  the 
field  of  electricity,  we  have  in  the  field  of  rheology  the  equation: 


Q  =  - 


A P 
■qR 


-  A  P 

V 


C 


(1) 


in  which,  using  the  C.G.S.  units  of  measure, 

Q  =  volume  of  flow,  in  cc./per  second 
r;  =  viscosity  of  the  fluid,  in  poises 
A P  =  pressure  drop  through  the  element,  in  dynes  per  sq.  cm. 
R  =  the  rheoresistance  (dimension,  L-3) 

C  =  rheoconductance  =  1/R 


The  test  plate  in  contact  with  a  given  surface  constitutes  an 
element  having  a  rheoconductance  which  depends  not  only  on 
the  roughness  of  the  surface,  but  also  on  the  dimensions  of  the 
test  plate.  In  order  to  define  a  fundamental  property  which  may 
be  called  the  conductivity  of  the  surface  itself,  we  consider  a 
rectangular  test  plate  of  finite  width,  W,  and  of  infinite  length, 


with  the  air  flowing  in  the  direction  across  the  strip.  We  then 
define  the  surface  rheoconductivity,  C,,  by  the  equation: 


Q  _  AP 
L  Wv 


(2) 


where  Q  =  volume  of  air  flow  per  second  under  a  section  of  the 
strip  of  length  L;  and  A P  and  i\  are  as  previously  defined.  Ct, 
the  conductance  of  the  annular  test  plate  resting  on  a  surface  of 
conductivity  C„  is  obtained  by  an  easy  integration  and  is  found  to 
be 


2  nC, 
R% 
Ri 


(3) 


where  R2  and  Ri  are,  respectively,  the  outer  and  inner  radii  of 
the  test  plate.  The  derivation  of  this  equation  is  given  in  the 
appendix.  Since  Ct  is  directly  measurable,  we  see  from  this 
equation  that  we  could  calculate  C ,  and  use  it  as  a  measure  and 
quantitative  definition  of  rugosity.  However,  there  is  another 
possible  measure  which  has  two  advantages:  (1)  it  bears  a  more 
recognizable  relationship  to  the  magnitude  of  the  surface  irregu¬ 
larities,  and  (2)  it  is,  to  a  first  approximation,  proportional  to 
the  valve  opening.  This  measure  of  rugosity  is  the  height  of  the 
hills  above  the  valleys  in  the  surface. 

In  order  to  relate  such  a  quantity  to  the  surface  rheoconduc¬ 
tivity,  we  consider  an  idealized  rough  surface  which  has  a  sinu¬ 
soidal  profile.  The  flow  of  air  lengthwise  through  a  channel  of 
sinusoidal  bottom  and  plane  top  can  be  calculated  if  we  assume 
that  the  depth  of  the  channel  is  so  small  compared  with  its  width 
that  we  can  neglect  the  velocity  gradient  in  the  direction  of  the 
channel  width.  We  must,  on  the  other  hand,  average  the  flow 
for  all  orientations  of  the  channel  length  with  respect  to  the  ap¬ 
plied  pressure  gradient.  The  result  of  this  analysis,  given  in  the 
appendix,  is 

,  3  /384C. 

h  =  •*/  — | — ,  cm.  (4) 

where  h  is  the  hill  height  above  the  valleys. 

In  terms  of  Ct,  h  is  given  by  the  two  preceding  equations 


h  = 


192  C 
5tt 


-  In  Ri 


Ri 


cm. 


(5) 


CALIBRATION 

It  has  been  indicated  above  that  in  operating  the  rugosimeter, 
the  needle  valve,  V,  is  opened  to  the  point  at  which  its  rheo¬ 
conductance  is  equal  to  Ct.  The  geometry  of  a  needle  valve  is 
fairly  complex;  and  it  would  not  be  easy  to  calculate  from  its  di¬ 
mensions  its  conductance  at  any  valve  opening.  It  must  there¬ 
fore  be  calibrated  by  substituting  a  rheoconductance  standard 
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for  the  test  plate-rough  surface  combination.  This  method  has 
the  advantage  that  it  automatically  corrects  for  the  resistance  of 
the  rubber  tube  by  which  the  test  plate  is  attached  to  the  pressure 
line.  This  correction  is  appreciable  for  samples  of  high  rugosity. 

The  type  of  rheoconductance  standard  employed  is  a  cylindrical 
tube,  or  capillary.  By  Poiseuille’s  law,  the  flow,  Q,  per  second 
through  a  capillary  tube  is 


Q  =  - 


TtCAP 
8  r)L 


(6) 


From  these  last  three  equations 


Rt  = 


Pr  (10  -  Px)  „ 
P,  (10  -  Pr)  KC 


or,  since  resistance  and  conductance  are  reciprocals, 


(14) 


=  P,  (10  -  Pr) 
Pr  (10  -  Px ) 


(15) 


On  eliminating  Ct  and  Cc  between  Equations  5,  7,  and  14,  we 
obtain 


where  r  is  the  radius,  L  the  length  of  the  capillary,  AP  the 
pressure  drop,  and  q  the  coefficient  of  viscosity.  The  conduc¬ 
tance,  Cc,  of  a  capillary  is  therefore 


h  = 


V 


24  r<  Px  (10  -  Pr)  Rz 
5 L  P,(10  -Px)  /?,’ 


cm. 


(16) 


which  is  the  desired  equation  for  the  rugosity  height  at  the  valve 
(')  setting,  x. 


The  tube  is  easily  attached  with  a  rubber  stopper  in  the 
central  hole  in  the  test  plate. 

With  the  capillary  tube  in  place,  the  calibration  is  carried  out 
as  in  measuring  a  sample— that  is,  by  adjusting  the  needle  valve, 
V,  to  give  a  manometer  pressure  reading  of  10  cm.  Then  for 
any  sample  which  requires  the  same  V  setting,  C,  =  Cc;  and 
Equations  5  and  7  lead  to 


h  = 


V24  C 
5  L 


24  C  .  P, 

5L  lnP?  Cm- 


(8) 


A  series  of  calibrating  tubes  of  different  radii  makes  it  possible 
to  calibrate  the  rugosimeter  over  the  practical  working  range, 
and  thus  to  obtain  a  chart  or  curve  for  converting  from  V  to  h. 
Such  a  conversion  chart  is  valid  only  for  a  test-plate  connecting 
tube  of  the  same  dimensions  as  that  used  during  the  calibration. 
The  standard  size  is  0.5  inch  (1.25  cm.)  in  inside  diameter  and 
20  inches  (50  cm.)  long,  the  length  being  measured  from  tip  to  tip 
of  the  brass  connection  tubes,  or  nipples.  Any  connecting  tube 
should  be  discarded  which  has  been  folded  so  that  it  tends  to 
collapse  at  the  fold.  The  radii  of  the  test  plate  are:  R2  =  3.5 
inches  (8.89  cm.)  and  Ri  =  1.5  inches  (3.81  cm.).  A  suitable  set 
of  5  calibrating  tubes  has  the  dimensions:  L  =  20  cm  and 
2r  =  (nominally)  l/32,  Vie,  Vs,  Vie,  V«  inch  (0.079,  0.159,  0.317, 
0.477,  0.635  cm.). 

With  the  samples  usually  tested  with  the  rugosimeter,  readings 
beyond  the  range  set  by  a  0.25  inch  (0.635  cm.)  calibrating  tube 
are  seldom  required.  However,  it  is  possible,  if  desired,  to  extend 
the  calibration  further  without  any  additional  equipment,  bv 
making  use  of  the  resistance  of  the  connecting  tube.  This  re¬ 
sistance  can  be  measured  most  accurately  in  terms  of  the  resist¬ 
ance  of  the  largest  calibrating  tube.  The  procedure  is  to  set  V  to 
give  a  manometer  reading  of  10  cm.  with  the  calibrating  tube  in 
place;  then  to  remove  the  tube  and,  without  changing  V,  note 
the  manometer  reading. 

With  the  calibrating  tube  in  position,  the  condition  is 


Rv  —  Rr  +  Rc  (9) 

where  Rv  =  resistance  of  the  valve 

Rr  =  resistance  of  the  connecting  rubber  tubing 
Rc  —  resistance  of  the  calibrating  tube 

The  condition  with  the  calibrating  tube  removed  is 


(10) 


where  Pr  is  the  manometer  reading  with  the  calibrating  tube 
removed. 

From  these  two  equations  it  follows  that 


Rr 


PrRc 

20  -  2 Pr 


(ID 


The  last  step  required  in  this  extension  of  the  calibration  is  to 
increase  the  valve  opening  to  some  desired  point,  x,  and  again 
observe  the  pressure,  Px,  on  the  manometer.  Under  these  condi¬ 
tions  we  have 


(12) 


ADJUSTMENT 

The  manometer  is  filled  with  a  light  machine  oil  to  a  level 
slightly  above  the  elbow  in  the  manometer  tube.  The  dash  pot 
inside  the  float  valve  is  filled  with  oil  to  a  point  above  the  top  of 
the  hollow  piston  suspended  in  the  dash  pot  from  the  floating 
plate  of  the  valve. 

The  first  step  in  the  adjustment  is  to  set  the  scale  on  the 
manometer  to  read  zero  when  the  air  pressure  is  zero.  The  next 
step  is  to  weight  the  plate  of  the  float  valve  to  give  a  pressure 
reading  of  20  cm.  on  the  manometer,  when  V  is  open  and  T  is 
closed  with  a  rubber  stopper.  Rough  adjustment  of  the  weight 
is  made  by  putting  lead  shot  or  bits  of  lead  into  the  piston.  Plate 
and  piston  can  be  removed  by  lifting  the  cross  bar  under  the 
plate.  Fine  adjustment  of  the  weight  is  made  by  means  of  small 
washers  placed  on  the  pin  protruding  above  the  plate  at  its  center. 

OPERATION 

In  preparing  calendered  samples  for  rugosity  measurements 
the  nip  is  set  at  0.025  inch  (0.0635  cm.)  as  measured  with  lead  or 
solder  slugs  at  the  sides  of  the  rolls  while  the  stock  is  passing 
through.  After  V2  turn  on  the  calender  roll,  the  sheet  is  taken 
off  and  laid  on  a  talced  table  to  cool  and  shrink. 

The  rugosity  usually  varies  appreciably  over  a  given  sample, 
and  a  reliable  average  requires  measurements  at  five  or  more 
different  points  on  each  calendered  stock.  Generally,  the  side 
is  measured  which  was  not  in  contact  with  the  calender  roll 
during  the  V2  revolution.  The  contact  side  always  has  a  lower 
rugosity. 

Calendered  sheets  at  room  temperature  often  show  greater  or 
less  tendency  to  buckle  or  curl.  This  tendency  must  be  overcome 
during  the  rugosity  measurement  by  weighting  the  test  plate  or 
by  applying  hand  pressure  in  extreme  cases.  The  weight  re¬ 
quired  varies  with  the  stock  and  is  not  easily  specified.  Too 
much  weight  depresses  the  high  spots  on  the  sample  and  reduces 
slightly  the  measured  rugosity. 

OTHER  SAMPLE  FORMS 

Although  the  calendered  sheet  is  by  far  the  best  form  of  sample 
for  the  rugosity  test,  other  forms  can  be  measured  if  necessary. 
In  one  series  of  tests,  tread  slabs  were  measured  with  a  test  surface 
consisting  of  a  flat  ring  of  soft  rubber  0.1  inch  (0.254  cm.)  thick 
backed  by  soft  cellular  rubber  1  inch  (2.54  cm.)  thick,  which  in 
turn  was  cemented  to  a  steel  plate.  Sufficient  pressure  was  ap¬ 
plied  during  a  measurement  to  cause  the  flexible  rubber  surface 
to  follow  the  general  shape  of  the  curved  slab  surface. 

Extruded  rods  and  strips  also  have  been  tested.  Such  samples, 
when  bent  to  form  a  closed  circle,  or  doughnut,  can  be  tested  be¬ 
tween  a  pair  of  parallel  plates.  Other  arrangements  of  the 
sample  also  have  been  used.  No  arrangement  has  been  stand¬ 
ardized  but  it  was  found  that,  as  a  general  rule,  the  total  length 
of  extruded  stock  in  the  sample  tested  should  not  be  more  than 
6  or  8  inches  (9  or  12  cm.). 

VOLUME  OF  HILLS  AND  VALLEYS 


Now  consider  a  sample  surface  which,  when  measured  in  the 
normal  way,  gives  the  same  valve  setting,  x.  Then,  if  Rt  is  the 
resistance  of  the  test  plate  on  this  sample, 

Rt  +  Rr  =  Rz  (13) 


The  average  height  of  a  sinusoidal  surface  above  the  lowest 
point  is  h/2.  Hence,  if  the  minimum  thickness  of  a  calendered 
sheet  must  meet  a  given  specification,  the  wasted  material  or 
volume  of  the  hills,  in  cc.  per  sq.  cm.  of  area  is  V2  (Ai  +  fh),  where 
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K  and  h2  are  the  rugosities  of  the  upper  and  lower  surfaces  of  the 
sheet.  This  estimate  of  wasted  material  is  accurate  only  for  a 
sinusoidal  surface,  but  can  be  expected  to  be  approximately  cor¬ 
rect  for  calendered  surfaces  of  the  form  usually  obtained. 


An  experimental  check  of  measured  rugosity  height  was  made 
by  determining  independently  the  volume  of  the  valleys.  The 
surface  of  a  sample  was  covered  with  petrolatum,  and  the  excess 
above  the  hill  tops  was  squeezed  out  by  forcing  an  aluminum 
plate  down  to  touch  the  surface.  If  the  surface  were  sinusoidal 

in  form,  we  should  have  h  =  —jy  where  w  is  the  gain  in  weight 

for  area  a,  and  D  is  the  density  of  the  petrolatum.  For  two 
samples  thus  measured,  the  results  were: 

No.  h  by  Rugosimeter  h  by  Weight 

Mm.  Mm. 

1  0.95  1.38 

2  0.83  0.96 

' 

The  rough  agreement  thus  obtained  is  probably  as  good  as 
could  be  expected.  It  is  easily  understood  that  the  above  esti¬ 
mate  of  wasted  material  (hi  +  h2) /2,  will  be  too  high  if  the  sur¬ 
faces,  instead  of  being  sinusoidal,  are  essentially  plane  with  occa¬ 
sional,  isolated  pimples;  and  the  estimate  will  be  too  low  if  the 
surfaces  are  essentially  plane  with  occasional  isolated  pockets. 

APPENDIX 

Equation  for  Ct  in  Terms  of  Cs.  C,  of  a  rough  surface  is 
defined  as  the  rheoconductance  of  1  cm.  square  of  the  surface  in 
contact  with  a  smooth  plate. 


Figure  3.  Sinusoidal  Channel 

Form  of  roughness  assumed  for  purposes  of  analysis 


We  consider  first  the  air  flow  in  the  single  sinusoidal  channel, 
Figure  3,  under  a  pressure  gradient  directed  along  the  channel — 
that  is,  parallel  to  the  z-axis,  normal  to  the  plane  of  the  figure. 
The  depth  of  the  channel  below  the  test  plate  is 

b  =  - cos  nr]  ^ 

where  X  is  the  wave  length.  Since  we  have  assumed  that  h^i\, 
the  flow  at  any  z-position  is  practically  the  same  as  it  would  be 
in  a  channel  of  the  same  depth  but  of  infinite  width.  Thus,  the 
local  velocity,  v,  is  determined  by 


52  v  dP 

v  d  yt  dz 


(22) 


The  solution  with  the  obvious  boundary  conditions  is 

•  -  r,  x  f  <»’  +  w  <23> 


More  completely, 


The  flow  in  the  whole  channel  is 


vQW 

LAP 


(17) 


where  W  is  the  width  and  L  the  length  of  a  rectangular  area  in 
contact  with  a  smooth  test  plate,  the  air  flowing  parallel  to  di¬ 
mension  W. 

As  applied  to  a  circular  test  plate  resting  on  a  surface  of  uni¬ 
form  rugosity,  Equation  17  becomes  in  differential  form 


Q  = 


2  irrC, 
V 


(18) 


where  r  is  the  radius.  Integration  yields 


g  =  f  f  vdVdx  =  -  f9^  X  Tz  (24) 

x  =  0  y  =  —b 

Now  assume  that  the  channel  makes  an  angle,  0,  with  the  over¬ 
all  or  average  pressure  gradient,  which  is  still  considered  as 
oriented  parallel  to  the  z-axis.  The  component  of  the  gradient 

in  the  direction  of  the  channel  is  then  — r-  cos  6,  instead  of  —r; 

dz  dz 

and  the  distance  across  the  channel  in  the  direction  normal  to 
the  gradient  is  X/cos  6.  Then  the  flow  per  unit  distance  normal 
to  pressure  gradient  is  q  cos2  0/X;  and  Q,  the  mean  flow  per  cm. 
for  a  group  of  channels  of  random  orientation,  is  therefore: 


A  P 


-vQ 

2  ttC  8 


In 


R% 

Ri 


(19) 


where  Ri  and  R2  =  inner,  outer  radius  of  the  test  plate,  T.  From 
this,  and  the  definition  of  Ct, 


Ct  = 


7)Q  _  2  7rCs 

A  P  .  R2 


(20) 


5  h3  w  dP 
384  t)  X  dz 

Therefore,  by  definition  of  C,, 


(25) 


Rugosity  in  Terms  of  Rheoconductivity.  Rugosity,  re¬ 
ferring  to  a  wave  surface  of  sinusoidal  profile,  has  been  defined 
above  as  twice  the  wave  amplitude.  To  obtain  a  relationship 
•  between  rugosity  and  the  rheoconductivity  of  such  a  surface,  we 
impose  the  limitation  that  the  amplitude  is  small  compared  with 
the  wave  length  of  the  wave,  and  we  average  the  air  flow  along 
the  channels  over  all  orientations  of  the  channels  with  respect  to 
the  pressure  gradient.  The  limitation  imposed  is  not  a  serious 
one  as  far  as  rubber  goods  are  concerned.  The  averaging  process 
makes  the  analysis  valid  for  an  annular  test  plate,  or  for  any  test 
plate  on  a  patchwork  pattern  of  sinusoidal  waves,  each  patch 
consisting  of  a  similar  series  of  waves  of  random  orientation  with 
respect  to  the  waves  in  the  other  patches. 


vQ  _  5/F 
dP  ~  384 
dz 


h  = 


3  /384  C, 
\  5  ’ 


cm. 


(26) 


(27) 
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Apparatus  for  Determination  of  Rate  of  Oxygen  Absorption 


With  Special  Reference  to  Fats 

M.  H.  MENAKER,  M.  L.  SHANER,  and  H.  O.  TRIEBOLD 
Department  of  Agricultural  and  Biological  Chemistry,  The  Pennsylvania  State  College,  State  College,  Pa. 


VARIOUS  methods  have  been  proposed  for  measuring  the 
induction  periods  »f  fats  (1-5).  Most  of  these  require  a 
long  period  of  time  (at  relatively  low  temperatures)  or  the  con¬ 
tinual  presence  of  the  investigator  throughout  the  experiment, 
particularly  if  it  is  desirable  to  plot  curves  relating  oxygen  ab¬ 
sorption  to  time. 

This  paper  describes  an  apparatus  which  makes  a  continuous 
automatic  record  of  the  oxygen  absorbed  by  a  sample.  No 
operator  need  be  present  after  the  experiment  is  started  and 
tests  may  be  run  at  elevated  temperatures.  An  additional  ad¬ 
vantage  over  most  previous  methods  which  is  inherent  in  this 
machine  is  the  maintenance  of  a  constant  pressure  in  the  reac¬ 
tion  chamber  irrespective  of  variations  in  atmospheric  pressure. 

APPARATUS 

The  apparatus  consists  of  a  group  of  units. 

Constant-T empbrature  Oven  (Figure  1).  The  oven  used 
in  this  setup  was  a  Despatch  baking  oven  modified  by  the  intro¬ 
duction  of  a  circulating  fan  and  a  mercury-over-toluene  thermo¬ 
stat  to  maintain  constant  temperature. 

Pressure  Regulator.  Construction  is  illustrated  in 
Figure  2. 

Pressure-Control  System.  This  unit  is  designed  to  allow 
oxygen  to  flow  from  an  oxygen  reservoir  into  the  absorption  sys¬ 
tem  under  the  influence  of  the  pressure  regulator  without  allowing 
any  leakage  either  from  or  to  the  surrounding  atmosphere.  It 
is  constructed  from  a  large  tire  valve  such  as  is  used  in  a  truck 
tire,  a  large  electromagnet,  etc.  The  details  of  construction  are 
fully  illustrated  in  Figure  3. 
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Figure  1.  Diagram  of  Oxidation  Apparatus 
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Figure  2.  Diagram  of  Pressure 
Regulator 

Oxygen  Resebvoir  and  Recobding  Apparatus  (Figure  1). 
This  consists  essentially  of  a  Florence  flask  with  a  side  arm  and  a 
tube  extending  through  the  neck  of  the  flask.  This  tube  is  sealed 
to  a  25  X  300  mm.  Pyrex  test  tube  in  which  the  recording  float 
operates.  A  rotating  drum  and  pen  complete  the  assembly. 

Absorption  Chamber.  Construction  is  clearly  illustrated  in 
Figure  1. 

Electrical  Circuits.  The  wiring  diagram  given  in  Figure  4 
shows  the  electrical  circuits  required. 

PROCEDURE  AND  RESULTS 

The  oven  is  adjusted  to  the  desired  temperature  by  means  of 
the  thermostatic  control. 

A  sample  of  fat  (10  grams)  is  weighed  into  the  absorption 
chamber  and  the  absorption  system  is  assembled  with  stopcock 

1  open  (Figure  1).  Stopcock  2  is  opened  and  stopcock  3  is 
turned  so  that  the  upper  outlet  is  open.  The  absorption  cham¬ 
ber  is  inserted  into  the  oven  and  connected  to  the  pressure-control 
system  (Figure  1).  Nitrogen  is  introduced  through  stopcock  2 
and  allowed  to  flow  through  the  system  for  a  few  minutes.  The 
flow  of  nitrogen  is  stopped  and  stopcocks  1  and  2  are  closed.  In 
order  to  allow  the  system  to  attain  pressure  equilibrium  at  at¬ 
mospheric  pressure,  stopcock  2  is  opened  at  intervals  until  no 
further  change  is  apparent  in  the  manometer,  then  stopcock  2  is 
opened  momentarily  while  stopcock  4  is  closed.  Stopcock  3  is 
now  turned  so  that  the  lower  outlet  is  open,  stopcock  2  is  opened, 
and  oxygen  is  introduced  into  the  oxygen  reservoir  through 
stopcock  2  (it  is  advisable  to  flush  the  reservoir  with  oxygen 
several  times  before  finally  filling  it) . 

The  recording  drum  carrying  a  sheet  of  graph  paper  is  put  into 
position  and  the  pressure  in  the  oxygen  reservoir  is  read  from 
the  manometer.  Stopcock  3  is  now  turned  so  that  the  upper 
outlet  is  open  and  stopcock  1  is  opened.  Oxygen  is  introduced 
again  through  stopcock  2  and  allowed  to  flush  all  the  nitrogen 
out  of  the  absorption  chamber.  The  armature  on  the  tele¬ 
graphic  relay  is  pulled  over  by  hand  to  allow  the  recording  pen 
to  drop  slightly  when  the  oxygen  flow  is  started.  This  records 
the  start  of  the  run. 

After  2  to  3  minutes  the  flow  of  oxygen  is  stopped  and  stop¬ 
cocks  1  and  2  are  closed.  The  system  is  allowed  to  come  to 
equilibrium  and  then  slight  suction  is  applied  through  stopcock 

2  until  the  pressure  control  apparatus  is  activated.  Stopcock  2 
is  closed  while  the  pressure  control  valve  is  open;  this  valve 
should  close  automatically  after  a  few  seconds. 

In  general  it  is  best  to  observe  the  manometer  for  10  to  15 
minutes  after  this  last  operation  in  order  to  be  certain  of  pres¬ 
sure  and  temperature  equilibrium.  If  no  change  is  noted  after 
this  interval,  stopcock  3  is  closed  and  the  system  will  automati¬ 
cally  record  the  oxygen  absorption. 
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If  the  pressure  in  the  absorption  system  changes,  suction  is 
applied  as  before  and  the  procedure  is  repeated  from  that  point. 

As  the  oxygen  absorption  proceeds  and  gas  is  taken  up  by  the 
sample,  the  pressure  in  the  absorption  system  is  lowered,  causing 
the  mercury  levels  in  the  pressure  controller  to  be  shifted,  so  that 
the  electrical  circuit  is  completed  through  the  telegraphic  relay 
which  then  actuates  the  electromagnetic  valve.  The  opening  of 
this  valve  allows  oxygen  to  flow  from  the  reservoir  into  the  ab¬ 
sorption  system  until  the  pressure  in  the  latter  returns  to  its 
original  condition,  at  which  time  the  pressure-controller  circuit 
opens  again  and  the  oxygen  flow  is  cut  off. 

As  gas  is  removed  in  this  way  from  the  reservoir  it  is  replaced 
by  mercury  from  the  tube  carrying  the  recording  float.  This 
allows  the  float  to  fall  slightly  and  thus  causes  the  pen  to  indi¬ 
cate  a  drop  on  the  chart  carried  by  the  rotating  drum.  In  the 
work  reported  here,  the  end  of  the  induction  period  was  taken 
at  the  first  definite  break  in  the  curve.  It  is  apparent  that  the 
number  of  breaks  per  unit  of  chart  length  is  a  measure  of  the  rate 
of  oxygen  absorption. 

After  completion  of  a  determination  the  quantity  of  oxygen 
which  had  been  absorbed  at  the  end  of  any  time  interval  during 
the  run  may  be  calculated.  If  such  figures  are  desired,  the  follow¬ 
ing  data  must  be  obtained : 

Initial  atmospheric  pressure  taken  at  the  start  of  the  run. 

Manometer  readings  taken  after  the  oxygen  reservoir  is  filled 
at  the  start  of  the  run. 

Cross-sectional  area  of  the  Pyrex  tube  which  carries  the  re¬ 
cording  float. 

Temperature  in  the  region  of  the  oxygen  reservoir. 


Figure  5.  Relation  between  Tempera¬ 
ture  and  Log  of  Induction  Period  of 
a  sample  of  Lard 


by  the  cross-sectional  area  of  the  tube 
oxygen  absorbed  and  corrections  may 
value,  using  the  familiar  equation 


The  method  of 
calculation  is  as 
follows:  The  total 
initial  pressure  in 
the  oxygen  reservoir 
is  obtained  by  add¬ 
ing  the  initial  at¬ 
mospheric  pressure 
to  the  difference  in 
manometric  levels 
at  the  start  of  the 
run.  The  change 
in  pressure  during 
the  time  interval 
under  observation 
may  be  determined 
by  measuring  the 
pressure  drop  as 
indicated  on  the 
graph.  This  value 
is  then  subtracted 
from  the  total  initial 
pressure  to  obtain 
the  final  pressure. 

The  drop  re¬ 
corded  by  the  pen 
may  be  multiplied 
to  obtain  the  volume  of 
then  be  applied  to  this 


PV  =  NRT 

and  substituting  the  mean  between  initial  and  final  pressures 
for  P. 

The  accuracy  of  calculations  based  on  these  data  depends  on 
constancy  of  the  temperature  and  atmospheric  pressure.  For 
this  reason,  only  approximations  can  be  obtained  by  this  method. 
In  the  present  machine  production  of  gas  during  the  reaction  also 
conditions  the  accuracy  of  values  obtained  in  this  manner. 

The  apparatus  herein  described  has  been  used  in  a  study  of  the 
effect  of  temperature  on  the  induction  period  of  a  sample  of  lard. 
The  data  given  in  Table  I  indicate  that  determinations  can  be 
made  with  a  fairly  high  degree  of  accuracy  as  evidenced  by  the 
checks  on  duplicates.  Figure  5  represents  graphically  the  rela¬ 
tion  between  temperature  and  the  log  of  the  induction  period 
and  indicates  that  the  induction  period  is  decreased  by  a  factor 
of  approximately  0.5  for  each  9°  increase  in  temperature. 


Figure  4.  Diagram  of  Electrical  Circuits  Involved 

*  Rectifying  circuit  not  shown 


Table  I.  Relation  between  Incubation  Temperature  and  Length  of 
Induction  Period  for  a  Sample  of  Lard 


Temperature 

Induction  Period 

Average  of 
Replicates 

Variation 

0  C. 

Minutes 

Minutes 

% 

70 

1535 

1535 

80 

636 

666 

651 

4.6 

90 

325.9 

346.6 

336.3 

6.2 

100 

138.5 

138.7 

138.6 

0.1 

no 

67.3 

69.9 

68.6 

3.8 

120 

32.1 

33.4 

32.8 

4.0 
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Microdetermination  of  Carbon  and  Hydrogen 
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As  the  result  of  considerable  routine  analyses  and  some  experimen¬ 
tal  work,  a  series  of  observations  on  the  microdetermination  of  car¬ 
bon  and  hydrogen  in  organic  compounds  is  presented  and  discussed 
in  detail.  The  need  for  a  preburner,  the  interpretation  and  correct 
use  of  blank  determinations,  combustion  time,  and  the  analysis  of 
refractory  compounds  are  covered. 

IN  GENERAL  the  literature  dealing  with  the  microdetermina¬ 
tion  of  carbon  and  hydrogen  fails  to  dispel  the  belief,  advanced 
by  Pregl  (21),  that  all  compounds  should  be  equal  in  the  eyes  of 
the  analyst.  Most  experienced  microanalysts,  however,  feel 
that  any  information  to  the  contrary  should  be  made  available 
to  all,  so  that  difficult  or  unusual  situations  may  be  met  with 
suitable  procedures.  It  is  with  this  in  mind  that  the  following 
observations  and  experiments  are  presented.  Many  of  the  con¬ 
clusions  reached  serve  to  substantiate  published  information, 
while  others  are  in  distinct  disagreement,  or  bring  out  points 
which  have  not  been  discussed  adequately  in  previous  reports. 

A  detailed  description  of  apparatus  is  not  necessary  for  the 
purposes  of  this  article.  Earlier  data  were  obtained  with  the 
conventional  Pregl  apparatus  (21),  while  later  determinations 
were  made  using  an  electrically  heated,  semiautomatic  unit  ( 5) 
with  closed-type  absorption  tubes  (4).  The  differences  in  de¬ 
sign  and  operation  of  the  Pregl  and  semiautomatic  units  have  no 
significant  influence  on  this  discussion  and  no  differentiation 
will  be  made  between  the  two  types  of  units  in  presenting  the 
data.  The  type  of  absorption  tube  used  need  be  considered  only 
in  the  discussion  of  blank  determinations. 

OXYGEN  PURITY 

Blank  Determinations.  The  purity  of  the  oxygen  or  air 
passed  through  the  combustion  train  in  the  course  of  an  analysis  is 
an  important  factor  in  the  microdetermination  of  carbon  and 
hydrogen.  Purity  may  be  evaluated  either  by  means  of  blank 
determinations  or  by  actual  analysis  of  pure  samples.  Because 
the  latter  method  favors  the  introduction  of  complicating  factors, 
the  blank  analysis  was  chosen  for  this  investigation.  If  per¬ 
formed  by  the  procedure  recommended  generally  (21),  blank 
analyses  are  not  only  meaningless  but  can  lead  to  erroneous  con¬ 
clusions.  Usually  the  lead  peroxide  in  the  combustion  tube 
filling  is  in  equilibrium  with  an  amount  of  water  dependent  mainly 
upon  the  hydrogen  content  of  the  compound  previously  analyzed. 
Since  the  gas  passing  through  the  system  during  a  blank  deter¬ 
mination  is  relatively  moisture-free,  it  becomes  partially  satu¬ 
rated  through  loss  of  water  by  the  lead  peroxide.  Therefore,  be¬ 
fore  a  valid  blank  analysis  can  be  obtained,  it  is  essential  that- 
equilibrium  be  established,  as  indicated  by  a  constant  “water 
blank”  in  a  series  of  preliminary  determinations.  Results  ob¬ 
tained  after  taking  this  precaution  constitute  a  fairly  reliable 
index  of  the  purity  of  the  gas  used  in  the  combustion. 

Effect  of  a  Preburner.  The  advisability  of  using  a  pre- 
burner  for  the  purification  of  oxygen  and  air  has  been  debated 
(1,  2,  9,  IS,  19,  21,  23).  Because  of  these  differences  of  opinion 
a  series  of  experiments  was  performed  in  an  attempt  to  clarify  this 
point,  at  least  for  the  purposes  of  this  laboratory.  Since  closed- 
type  absorption  tubes  were  used,  only  oxygen  purity  has  been- 
considered,  although  the  conclusions  apply  to  air  as  well. 

Blank  values  were  obtained  on  150  ml.  of  oxygen,  using  a  pre¬ 
burner  (Figure  1)  filled  with  copper  oxide  wire  and  heated  to 
660-675°  C.  by  means  of  an  electric  furnace.  (A  cold-water 
coil  for  cooling  the  exit  gas  from  the  preburner  was  found  to  be 


unnecessary  if  the  delivery  tube  of  the  latter  was  at  least  80  mm. 
long.)  The  results  in  Table  I  show  that  three  different  tanks  of 
oxygen  (Linde  Air  Products  Co.),  selected  from  stock  at  random 
over  a  period  of  several  months,  contained  impurities  in  amounts 
sufficient  to  cause  appreciable  error  in  a  carbon  and  hydrogen 
determination.  Therefore,  it  was  concluded  that  unless  a  new 
tank  of  oxygen  is  tested  for  impurities  prior  to  use,  a  prebumer 
cannot  safely  be  eliminated  from  the  gas  purification  train. 


ASBESTOS  FIBER 


Tabic  1.  Effect  of  Pre burner 

on  Blank  Value  of  1  50  Ml.  of  Oxygen 

Increase,  Mg. 

Without  Preburner  With  Preburner 

C02 

H20 

COs 

H20 

Liquid  air  oxygen,  tank  1 

0.032 

0.039 

0.153 

0.147 

0.011 

0.019 

0.012 

0.019 

Tank  2 

0.050 

0.047 

0.110 

0.129 

0.022 

0.012 

0.016 

0.032 

Electrolytic  oxygen 

0.053 

0.043 

0.159 

0.147 

0.013 

0.018 

0.029 

0.021 

COMBUSTION  TUBE  FILLING 

Pregl  (21)  makes  the  statement  that  his  “universal”  filling 
may  be  used  to  analyze  any  organic  substance,  regardless  of  type 
or  structure.  Flaschentrager  (11)  infers  that  this  statement  can 
be  accepted  without  reservation.  Other  investigators  (12,  17, 
22,  24,  25)  have  reported  instances  in  which  Pregl’s  filling  has 
failed  to  give  satisfactory  results.  For  example,  Niederl  and 
Niederl  (17)  have  found  that  the  conventional  tube  filling  gives 
low  carbon  values  with  condensed  ring  compounds  and  recom- 
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Table  II.  Effect  of  Platinum  in  Combustion  Tube  Filling 


%  Carbon _  _ %  Hydrogen 


Found 

Calcd. 

Average 

difference 

Found 

Calcd. 

Average 

difference 

Without  plati¬ 
num 

81.30 

81.20 

81.41 

81.35 

81  76 

-0.46 

11.04 

11.09 

10.96 

10.95 

10.97 

+0  04 

With  platinum 

81.67 

81.55 

81.70 

81.65 

81.76 

-0.12 

10.98 

10.98 

11.00 

10.93 

10  97 

+0.01 

Without  plati¬ 
num 

81.47 

81.43 

81.39 

81.53 

81.76 

-0.30 

10.99 

11.09 

11.01 

10.97 

10.97 

+  0.04 

mend  their  “combination-band”  filling  as  more  nearly  universal 
in  application. 

As  the  result  of  difficulties  encountered  in  the  combustion  of 
refractory  compounds  a  tube  filling  has  been  evolved  which 
over  a  period  of  several  years  has  proved  satisfactory  in  this 
laboratory  for  the  analysis  of  a  wide  variety  of  compounds.  A 
certain  organic  compound  had  been  synthesized  and  exhaus- 
.  tively  purified  at  frequent  intervals  over  a  long  period  of  time. 
Experimental  evidence  generally  considered  reliable  indicated 
that  it  was  very  pure,  but  the  Pregl  method  of  analysis  invariably 
gave  carbon  results  which  were  0.5  to  0.6%  lower  than  the  calcu¬ 
lated  value.  Two  factors  might  have  been  jointly  or  inde¬ 
pendently  responsible:  the  combustion  time  and  the  combustion 
tube  filling.  Extension  of  the  combustion  time  to  20  minutes 
from  10  minutes  increased  the  carbon  values  only  0.1  to  0.2%,  an 
indication  that  this  factor,  if  significant,  was  minor  in  effect. 

Kimer  {14)  occasionally  used  platinum  gauze  as  an  aid  to  the 
complete  combustion  of  compounds  which  consistently  gave  low 
carbon  results.  As  a  consequence  the  following  experiment  was 
performed. 

Three  centimeters  of  copper  oxide  were  removed  from  the  con¬ 
ventional  Pregl  filling  and  replaced  with  3  cm.  of  silver  wire. 
Four  analyses  of  the  compound  in  question  were  performed  with 
this  combination,  and  the  customary  low  carbon  values  were 
obtained  as  expected.  After  replacing  the  silver  wire  with  a 
3-cm.  plug  of  80-mesh  platinum  gauze,  followed  by  a  2-cm.  silver 
wire  plug,  another  series  of  analyses  was  carried  out.  Then,  as  an 
assurance  that  no  significant  changes  had  taken  place  during  the 
experiment,  a  final  series  of  determinations  was  made  after  re¬ 
placing  the  platinum  with  silver  wire.  The  results  are  shown 
in  Table  II. 

As  a  direct  consequence  of  this  work,  the  tube  filling  contain¬ 
ing  a  3-cm.  section  of  platinum  gauze  has  been  adopted  as 
standard  in  this  laboratory.  The  tube  filling  just  described,  ex¬ 
cept  for  the  silver  wire  plug  between  the  platinum  and  the  sample, 
is  identical  with  the  “combination  type”  of  Niederl  and  Niederl 
{18).  The  filling  described  was  in  routine  use  before  access  was 
had  to  the  Niederl  work,  and  the  fact  that  the  two  developments 
were  made  independently  serves  to  strengthen  the  case  for  a 
“universal”  filling  of  this  general  type. 

Effect  of  Partially  Spent  Filling.  Considerable  diffi¬ 
culty  was  encountered  in  performing  carbon  and  hydrogen  de¬ 
terminations  on  high  molecular  weight  hydrocarbons,  acids,  and 
esters.  Diphenylheneicosane,  phenylundecylenic  acid,  and 
methyl  phenoxyphenylstearate  are  typical  examples.  It  was 
found,  however,  that  when  a  freshly  filled  combustion  tube  was 
|  used,  excellent  results  were  obtained  without  modifying  the 
routine  procedure.  Further  experiments  indicated  that  com¬ 
bustion  tubes  which  had  been  used  for  less  than  fifty  analyses 
generally  were  satisfactory.  Apparently  the  types  of  com¬ 
pounds  mentioned  are  very  resistant  to  oxidation  and  their  com¬ 
plete  combustion  requires  high  catalytic  activity  in  the  tube  fill¬ 
ing.  Highly  refined,  oxidation-resistant  mineral  oils  are  subject 
to  the  same  precautions. 


Analysis  of  Organic  Phosphorus  Compounds.  It  has 
been  reported  {24)  that  the  combustion  of  organic  phosphorus 
compounds  has  an  effect  upon  the  conventional  combustion 
tube  filling  which  influences  succeeding  analyses  adversely. 
However,  it  can  be  shown  that  the  difficulty  lies,  not  in  the  tube 
filling,  but  in  the  carbonaceous  deposit  which  the  combustion 
of  phosphorus  compounds  invariably  leaves  on  the  walls  of  the 
combustion  tube  and  in  some  cases  in  the  sample  container. 
If  this  deposit  is  not  ignited  to  a  brilliant  red  heat,  the  analysis 
in  question  and  succeeding  analyses  will  be  in  error.  Unfor¬ 
tunately,  this  intense  heating  of  the  deposit  generally  causes 
Supremax  and  Pyrex  172  combustion  tubes  to  fail  after  a  few 
additional  analyses. 

Use  of  Lead  Peroxide. 
Of  all  the  reagents  in  the 
standard  Pregl  combustion 
tube  filling,  the  lead  per¬ 
oxide  represents  the  most 
probable  source  of  trouble 
and  various  attempts  have 
been  made  to  eliminate  it 
from  the  filling  {8,  6,  7, 
8,  10,  15,  20).  Elving  and 
McElroy  (10),  working  on 
a  semimicro  scale,  omitted 
the  lead  peroxide  and  in¬ 
stead  introduced,  between 
the  two  absorption  tubes, 
an  absorber  filled  with  a 
sulfuric  acid  solution  of 
potassium  permanganate 
or  dichromate.  The  re¬ 
sults  were  satisfactory. 
Neuworth  {16)  and  Burger 
{3)  reported  the  successful 
application  of  a  similar  pro¬ 
cedure  to  the  micromethod. 

In  an  attempt  to  verify  the  experiments  of  Neuworth  and 
Burger,  two  nitrogen  compounds  were  analyzed  with  and  with¬ 
out  lead  peroxide  in  the  tube  filling.  In  the  analyses  in  which 
the  peroxide  was  eliminated,  silver  wire  plugs  were  substituted 
for  it,  and  an  absorber  (Figure  2)  filled  with  a  0.02  M  solution  of 
potassium  permanganate  in  concentrated  sulfuric  acid  was  in¬ 
serted  in  the  gas  stream  between  the  two  absorption  tubes.  The 
results  are  shown  in  Table  III. 


Table  III.  Comparison  of  Lead  Peroxide  with  Permanganate 
Absorber 

_ %  Carbon _  %  Hydrogen 


With 

With 

With 

With 

PbOa 

absorber 

Calcd. 

Pb02 

absorber 

Calcd 

Acetanilide 

71.30 

70.93 

71.09 

6.94 

7.99 

6  71 

71.30 

71.16 

6.76 

7.77 

71.31 

71.16 

6.90 

7.82 

A  nitrated  phenol 

50.42 

50.41 

50.00 

5.30 

7.15 

5 . 04 

50.32 

50.32 

5.14 

6.56 

Consideration  was  given  to  the  possibility  that  the  high  hy¬ 
drogen  values  could  have  been  caused  by  the  presence  of  traces 
of  basic  impurities  in  the  Dehydrite  used  as  the  water  absorbent. 
That  Dehydrite  does  absorb  nitric  oxide  was  readily  demon¬ 
strated.  In  a  series  of  experiments  in  which  nitric  oxide  was 
passed  through  tared  absorption  tubes,  the  Dehydrite  tube 
showed  a  constant  gain  in  weight,  and  a  positive  test  for  nitrate 
ion  was  obtained  on  an  aqueous  solution  of  the  spent  absorbent. 
To  take  this  factor  into  account,  analyses  were  performed  using 
Dehydrite  which  previously  had  been  completely  saturated  with 
nitric  oxide.  Again  the  hydrogen  figures  were  high,  and  were 
comparable  to  those  obtained  with  unsaturated  Dehydrite. 
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Tabic 


IV.  Effect  of  Substitution  of  Phosphorus  Pentoxide  for 
Dehydrite  in  Use  of  a  Permanganate  Absorber 


%  Carbon 


%  Hj'drogen 


Found 

Calcd. 

Aver¬ 

age 

differ¬ 

ence 

Found 

Calcd. 

Aver¬ 

age 

differ¬ 

ence 

% 

Nitro¬ 

gen 

Calcd. 

Thiourea 

15.70 

15.76 

15.78 

-0.05 

7.27 

7.15 

5.29 

+  1.93 

36.80 

Stearanilide 

80.02 

80.13 

80  17 

-0.09 

12.30 

12.26 

11.49 

+  0.79 

3.89 

Acetanilide 

71.20 

71.19 

71.09 

+  0.11 

7.71 

7.79 

6.71 

+  1.04 

10.36 

Benzenesul- 

foncyclo- 

hexyl- 

amide 

60.34 

60.39 

60.23 

+0.14 

8.25 

8.30 

7.15 

+  1.13 

5.85 

Table  V. 

Effect  on 

Hydrogen  Values  of  Variations 
Rate 

in  Combustion 

Combustion 

Time,  Min. 

%  Carbon 

Found  Calcd. 

%  Hydrogen 

Found  Calcd. 

10 

20 

10 

10 

20 

80.61 

80.70 

80.54 

80.76 

80.59 

80. 

70 

10.16 

10.65 

9.92 

10.01 

10.57 

9. 

78 

In  the  hope  that  an  acid  reagent  might  pass  the  acidic  nitrogen 
oxides  quantitatively,  phosphorus  pentoxide  was  substituted 
for  Dehydrite.  As  before,  carbon  analyses  were  satisfactory 
.and  hydrogen  results  were  appreciably  higher  than  the  calculated 
values  (Table  IV).  The  amount  of  nitrogen,  hydrogen,  or  both, 
in  the  sample,  had  little  effect  upon  the  magnitude  of  the  hydro¬ 
gen  error.  It  can  be  concluded,  based  upon  the  foregoing  ex¬ 
periments,  that  the  elimination  of  lead  peroxide  from  the  com¬ 
bustion  tube  filling  through  the  use  of  a  permanganate  absorber 
is  not  applicable  to  the  determination  of  carbon  and  hydrogen 
by  the  micromethod. 

Pregl  (21)  makes  the  statement  that  the  purity  of  the  peroxide 
can  be  judged  by  color,  and  that  the  black  variety  only  should  be 
used.  While  the  color  may  be  an  infallible  indication  of  purity, 
it  does  not  necessarily  constitute  an  index  of  the  efficiency  with 
which  the  reagent  performs  its  function  as  part  of  the  tube  filling. 
Excellent  analyses  can  be  obtained  using  brown  or  reddish-brown 
lead  peroxide,  and  it  is  preferable  to  base  the  desirability  of  a  par¬ 
ticular  lot  of  this  compound  on  its  performance  in  the  analysis 
of  a  sample  of  known  composition. 

COMBUSTION  TIME 

After  a  sample  has  been  distilled  from  its  weighing  container, 
the  rate  at  which  it  is  vaporized  into  the  combustion  tube  filling 
governs  the  rate  of  combustion.  This  point,  of  the  utmost  im¬ 
portance  in  analyzing  certain  types  of  compounds,  has  not  been 
stressed  sufficiently  in  the  literature.  The  rate  of  vaporization 
is  not  to  be  confused  with  “combustion  time”.  The  latter  term, 
strictly  speaking,  should  be  used  only  in  referring  to  the  total  time 
of  combustion.  For  the  purposes  of  the  discussion  which  follows, 
the  total  combustion  time  has  been  divided  into  three  distinct 
periods:  distillation,  vaporization,  and  reburning  and  flushing. 

Pregl  (21)  recommends  10  minutes  for  the  combustion  of  a 
sample  in  a  stream  of  oxygen.  Niederl  and  Niederl  (17)  advise 
extending  this  time  to  15  minutes.  Presumably  these  time  pe¬ 
riods  include  distilling  the  sample  out  of  its  weighing  container 
into  the  combustion  tube.  Therefore,  assuming  5  minutes  as  an 
average  distillation  period,  the  time  consumed  in  vaporizing  the 
material  into  the  actual  combustion  zone  would  be  5  and  10 
minutes,  respectively,  for  the  two  recommendations.  It  was 
found  during  the  present  investigation  that  7  to  10  minutes  are 
sufficient  for  the  vaporization  of  most  samples.  However,  cer¬ 
tain  types  of  materials  which  are  characterized  by  low  or  erratic 
carbon  analyses  with  a  7-  to  10-minute  vaporization  time  give 
excellent  results  when  vaporized  in  15  minutes.  Examples  of 


such  materials  are  alkylphenyl  benzoates;  residual  petroleum 
oils,  tars,  and  asphalts;  most  gasolines;  and  certain  low-boiling 
aliphatic  hydrocarbons. 

Should  the  vaporization  time  be  extended  longer  than  is  re¬ 
quired  for  quantitative  combustion  of  a  particular  sample,  the 
carbon  and  hydrogen  results  wall  not  be  affected,  provided  the 
same  time  is  used  throughout  a  series  of  analyses.  Although 
appreciable  changes  in  the  combustion  rate  from  one  analysis  to 
the  next  affect  carbon  values  negligibly,  the  hydrogen  values  are 
influenced  to  a  considerable  extent  (Table  V).  This  is  to  be  ex¬ 
pected  if  it  is  recalled  that  a  moisture  equilibrium  exists  between 
the  lead  peroxide  of  the  combustion  tube  filling  and  the  gases 
passing  through  it.  For  a  long  vaporization  period,  relatively 
greater  amounts  of  gases  would  be  passed  through  the  tube 
filling  than  for  a  short  period  analysis  immediately  preceding  it. 
Therefore  the  average  moisture  content  of  the  greater  gas  volume 
would  be  lower  and  there  would  be  a  strong  tendency  for  mois¬ 
ture  to  be  removed  from  the  lead  peroxide.  By  the  same  reason¬ 
ing,  when  analyzing  samples  which  are  known  to  have  abnormally 
high  or  low  hydrogen  contents,  it  is  advisable  to  bum  an  un¬ 
weighed  sample  first,  in  order  to  bring  the  peroxide  into  contact 
with  gases  of  the  same  moisture  content  as  will  be  encountered 
during  the  ensuing  analyses. 

Analysis  of  Organic  Silicon  Compounds.  Ordinarily  ac¬ 
curate  determination  of  carbon  in  organic  silicon  compounds  is 
extremely  difficult  because  of  the  formation  of  silicon  carbide 
in  the  weighing  vessel  and  on  the  walls  of  the  combustion  tube 
adjacent  to  it.  This  deposit  is  stable  under  combustion  condi¬ 
tions  and  will  not  give  up  its  carbon  as  carbon  dioxide.  It  has 
been  found  that  the  formation  of  the  carbide  is  the  direct  result 
of  distilling  the  sample  from  its  container  too  rapidly  and  that  if 
care  is  used  during  the  distillation  step  no  further  trouble  can  be 
expected  during  the  subsequent  phases  of  the  analysis. 
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Microdetermination  of  Carbon  and  Hydrogen 

A  Modern  Industrial  Setup 

AL  STEYERMARK 

Microchemical  Department,  Hoffmann-La  Roche,  Inc.,  Nutley,  N.  J. 


Balance  table  and  balance  mounting,  illumination  of  balances, 
weatherproofing,  air  conditioning,  and  the  laboratory  plan  of  a 
modern  industrial  setup  for  the  microdetermination  of  carbon  and 
hydrogen  are  described.  Experiences  with  absorption  and  combus¬ 
tion  tubes  are  related.  Data  are  given  on  the  temperature  of  com¬ 
bustion  and  type  of  furnace  used. 

IN  AUGUST,  1943,  William  MacNevin  of  Ohio  State  Uni¬ 
versity  made  an  individual  survey  in  order  to  determine  what 
success  was  being  attained  by  chemists  throughout  the  country  in 
microdeterminations  of  carbon  and  hydrogen.  The  response,  in 
the  form  of  private  communications,  indicated  that  a  rather  large 
number  were  experiencing  difficulties.  As  a  result,  several  micro¬ 
chemists,  including  the  author,  were  invited  to  present  papers 
on  this  subject  at  the  108th  meeting  of  the  American  Chemical 
Society,  suggesting  solutions  for  the  difficulties. 

Since  some  chemists  may  be  experiencing  difficulties  which  can 
i  be  attributed  to  poor  laboratory  setups,  the  first  section  of  this 
paper  is  devoted  to  that  subject.  Certain  features  of  the  labora¬ 
tories  of  this  company,  which  the  author  believes  to  be  of  value, 

'  are  described.  The  rest  of  the  paper  deals  with  apparatus — ab¬ 
sorption  tubes,  combustion  tubes,  and  furnaces.  The  opinions 
expressed  are  based  upon  experiences  during  the  past  6  years  in 
these  laboratories,  where,  at  present,  approximately  5500  to 
6000  microdeterminations  of  carbon  and  hydrogen  are  done  per 
year.  The  acceptable  accuracy  for  these  analyses  is  =*=0.3%  de- 
;  viation  from  the  theory,  although  a  large  fraction  of  the  results 
:  check  the  calculated  values  to  within  a  few  hundredths  of  1%. 


LABORATORY  SETUP 

Balance  Table  and  Balance  Mounting.  Figures  1  and  2 
show  the  details  of  construction  of  a  rigid  stone-top  table  which 
has  proved  very  satisfactory.  The  supports  consist  of  alternate 
layers  of  cork,  brick,  wood,  and  lead,  a  combination  which  is  ex¬ 
cellent  for  dampening  out  vibrations.  The  table  is  mounted  di¬ 
rectly  on  the  concrete  floor  of  the  building  and  is  spaced  so  that 
there  is  no  contact  with  any  wall.  Figures  1  and  3  show  the 
method  of  mounting  the  balance.  Large  rubber  stoppers  are 
placed  on  the  table  and  on  top  of  these  is  0.25  inch  of  plate  glass 
which  acts  as  the  support  for  the  balance.  Regulation  balance 
feet  of  metal,  glass,  or  plastic  are  used,  but  those  having  soft 
rubber  cushions  are  avoided.  Six  microchemical  balances  of 
various  types  (one  Paul  Bunge,  Hamburg,  Germany,  with  optical 


Figure  1.  Balance  Table 
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Figure  3.  Direct  Illumination  of  Balances 
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projection  of  scale;  three  Wm.  Ainsworth  &  Sons, 
Inc.,  Denver,  Colo.,  Type  FDI;  one  Christian 
Bee  •  Jersey  City,N.  J.,  No.  6300,  magnetically 
dan  ;  one  Christian  Becker,  Jersey  City,  N.  J., 
No.  3u5,  semimicro)  are  mounted  in  this  manner; 
all  give  excellent  results  despite  the  fact  that  the 
laboratories  are  located  on  the  third  floor  of  a  six- 
story  building  in  which  many  pieces  of  machinery 
are  in  constant  operation.  Even  the  microchemical 
laboratory’s  air-conditioning  unit  in  an  adjoining 
room  has  no  effect. 

Illumination  of  Balances.  Diffuse  indirect 
fluorescent  lighting  is  used  in  the  balance  room,  and 
in  addition  each  balance  is  independently  illumi¬ 
nated  by  a  fluorescent  fixture  suspended  from  the 
wall  (Figure  3).  These  fights  have  no  heating  effect 
the  balances.  The  placement  of  the  fixtures 


on 


Figure  4.  Electrically  Heated  Storm  Window  for  Balance  Room 
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Figure  5.  Arrangement  of  Microchemical  Laboratories 


makes  possible  the  simultaneous  use  of  balances  re¬ 
quiring  various  degrees  of  illumination. 

Weatherproofing  the  Balance  Room.  To 
protect  the  balances  from  outside  weather  condi¬ 
tions,  the  outer  wall  of  the 
balance  room  is  insulated  with  4 
inches  of  rock  wool  and  sheet 
rock.  The  window  is  of  a  storm 
variety,  the  outer  and  inner 
glasses  being  approximately  1 
foot  apart  and  the  space  between 
electrically  heated  in  winter  to 
the  same  temperature  as  theroom 
(F igure  4) .  The  window  is  fitted 
with  a  Venetian  blind  and  an 
additional  cloth  drape.  Drafts 
in  winter  and  elevated  tempera¬ 
tures  from  the  sun’s  rays  in 
summer  are  eliminated  and  even 
balances  next  to  the  window 
operate  satisfactorily  the  year 
round. 

Air  Conditioning.  Air  con¬ 
ditioning  is  used  throughout  the 
laboratories  and  each  room  is  in¬ 
dependently  maintained  at  76  °  F. 
and  40  to  45%  relative  humidity 
(compare  4,  5,  6)  the  year  round. 
The  air-conditioning  outlets  in 
the  balance  room  are  open  just 
enough  to  ensure  comfort  without 
having  air  currents  great  enough 
to  affect  the  balances.  As 


an 


aid  to  the  system,  Thermopane  glass  (double  panes  with  dehy¬ 
drated  air  space  between,  manufactured  by  Libbey-Owens-Ford 
Glass  Company,  570  Lexington  Ave.,  New  York,  N.  Y.)  is  used 
in  all  window  frames  for  its  insulating  effect. 

Laboratory  Plan.  The  microchemical  unit  consists  of  a 
balance  room,  a  combustion  room,  and  a  general  laboratory.  The 
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Figure  6.  Tem¬ 
peratures  Reached  in 
Combustion  Tube 
Heated  by  Pregl  Gas 
Burner 


Figure  7.  Tem¬ 
peratures  Reached 
in  Combustion  Tube 
for  Ideal  Conditions 


Figure  8.  Tem¬ 
perature  Gradient 
between  Long  and 
Short  Burners 


August,  1945 


ANALYTICAL  EDITION 


525 


Figure  9.  Carbon  and  Hydrogen  Combustion  Train,  Using  Electric  Motors  for  Automatic  Combustion 


floor  plan  is  shown  in  Figure  5.  The  emergency  door  between  the 
balance  room  and  the  combustion  room  is  kept  open.  The  latter 
room  is  used  exclusively  for  microdeterminations  of  carbon  and 
hydrogen  and  nitrogen  (Dumas).  All  work  involving  the  use  of 
acids,  ammonium  hydroxide,  organic  solvents,  etc.,  is  performed 
in  the  general  laboratory,  thereby  keeping  fumes  from  the  com¬ 
bustion  and  balance  rooms. 

APPARATUS 

Absorption  Tubes.  In  these  laboratories  importance  is 
placed  upon  the  selection  of  absorption  tubes.  Pyrex  tubes  are 
no  longer  used  here  because  they  easily  became  charged  with 
static  electricity  and  often  required  almost  an  hour  to  dissipate 
their  charges  even  after  grounding  ( 5 )  and  exposure  to  ultraviolet 


light  ( 6}  8),  pitch  blende  (4,  5),  “spent  radium  tubes”  (capsules 
containing  inorganic  salts  exposed  to  emanations  and  previously 
used  for  treatment  of  cancer)  (4,  5),  or,  on  occasion,  the  spark  of  a 
high-frequency  coil  ( 6 ,  12).  Absorption  tubes  constructed  of 
lime  glass  according  to  American  Chemical  Society  specifica¬ 
tions  (10)  were  found  the  most  satisfactory.  They  are  wiped 
after  each  determination  and,  under  the  author’s  laboratory  con¬ 
ditions,  can  be  weighed  after  15  minutes. 

Combustion  Tubes.  Selection  of  combustion  tubes  has  been 
a  major  problem  in  these  laboratories.  Over  a  period  of  years  a 
large  number  of  each  kind  of  combustion  tube  available  was  used. 
Quartz  tubes  were  rather  unsatisfactory.  Some  gave  excellent 
results  for  150  combustions  or  more,  but  most  of  them  developed 
cracks  after  a  comparatively  short  period  of  time,  often  in  the 


Figure  10.  Carbon  and  Hydrogen  Combustion  Train,  Using  Electric  Motors  for  Automatic  Combustion 
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middle  of  a  determination.  These  cracks  would  develop  at  a 
point  containing  the  silver  wool  (Pregl  filling),  which  is  nearest  to 
the  combustion  boat  and  would  run  lengthwise  for  several  inches. 
Weakening  was  considered  to  be  caused  by  fusion  of  the  silver 
halides  (m.p.  427°  to  526°  C.)  and  sulfate  (m.p.  651°  C.)  into 
the  tube.  Vycor  tubes,  made  of  96%  silica  glass  No.  790  (made 
by  Corning  Glass  Works,  Corning,  N.  Y.),  gave  very  poor  re¬ 
sults,  acting  like  quartz,  but  the  breakdown  occurred  much 
sooner.  From  a  total  of  more  than  two  dozen,  none  could  be 
used  for  more  than  25  combustions  but  the  majority  was  worth¬ 
less  after  10  to  15.  Tubes  made  of  Pyrex  No.  172  (made  by  Corn¬ 
ing  Glass  Works,  Corning,  N.  Y.)  (and  Jena  Supremax,  when 
available)  have  proved  the  most  satisfactory  but  these  should 
conform  to  the  American  Chemical  Society  specifications  (10), 
with  walls  of  1.5  mm.  minimum,  as  the  regular  lots  of  tubes  are 
considerably  thinner.  The  latter  do  not  hold  up  as  long  and  a 
comparatively  large  number  become  porous  almost  immediately 
when  the  filling  fuses  into  the  glass,  while  the  heavy-walled  tubes 
give  good  results  for  100  to  300  determinations. 

All  freshly  filled  combustion  tubes  are  heated  in  the  furnace 
overnight  with  oxygen  being  passed  through,  and  then  tested  for 
porosity  in  one  of  the  following  ways.  The  end  of  the  hot  tube  is 
plugged  and  the  bubble  counter  watched.  If  oxygen  continued 
to  pass  through,  even  very  slowly,  the  tube  is  discarded.  An  al¬ 
ternate  method  is  to  cool  and  disconnect  the  tube,  stopper  the 
end,  immerse  the  entire  length  in  a  solution  of  dye  such  as 
methylene  blue,  and  evacuate.  If  dye  is  sucked  into  any  section, 
it  is  discarded.  The  evacuation  and  subsequent  breaking  of  the 
vacuum  are  done  very  slowly,  so  as  not  to  contaminate  the  vari¬ 
ous  sections.  These  tests  prove  many  tubes  to  be  unsatisfactory 
without  wasting  hours  of  doing  actual  determinations  . 

Type  of  Furnace  and  Temperature  of  Combustion. 
Furter  (2)  studied  the  effect  of  the  temperature  of  the  combustion 
tube  on  the  determination,  preparatory  to  setting  up  specifica¬ 
tions  for  an  electric  combustion  furnace.  The  temperatures  at 
various  points  in  a  tube  heated  by  a  Pregl  gas  burner  were  meas¬ 
ured  by  thermocouples  (Figure  6).  An  electric  furnace  (long 
burner)  was  then  constructed  that  had  the  same  characteristics 
but  whose  over-all  temperature  could  be  varied.  Many  combus¬ 
tions  with  compounds  of  various  types  were  made  at  a  number  of 
different  temperatures,  after  which  Furter  concluded  that  about 
670°  to  680°  C.  was  high  enough  for  all  combustions  yet  low 
enough  to  prevent  undue  overheating  of  the  tubes.  Lower  tem¬ 
peratures  gave  low  values  with  a  variety  of  substances,  in  dis¬ 
agreement  with  some  texts  which  recommend  a  temperature  of 
550°  C.  for  all  combustions  (1,9).  Observations  in  these  labora¬ 
tories  during  the  past  6  years  are  in  agreement  with  those  of 
Furter.  Figure  7  shows  the  temperatures  reached  at  different 
parts  of  the  combustion  tube,  heated  by  the  furnace  finally  con¬ 
structed  for  Furter.  The  temperature  gradient  between  the  long 
and  short  burners  is  shown  in  Figure  8.  This  makes  it  possible 
to  place  volatile  samples  in  the  tube  at  the  proper  point  to  obtain 
slow  distillations. 


In  these  laboratories  two  of  the  Furter  furnaces  and  two  others 
of  similar  design  constructed  in  the  machine  shop  are  used. 
Each  is  completely  electrified — short  movable  burner,  long 
burner,  and  heating  mortar.  An  electric  clock  motor  is  used  on 
each  to  drive  the  movable  burners  forward  at  a  constant  rate. 
These  motors  are  excellent  for  this  purpose.  Their  power  is  ade¬ 
quate  and  their  speed  is  low  enough  to  make  elaborate  reduction 
gears  unnecessary.  The  driving  mechanism  is  comparable  to 
ones  described  by  other  authors  (3,  7,11)  who  used  other  means  of 
power.  The  combustions  may  be  classified  as  semiautomatic, 
inasmuch  as  the  operator  keeps  a  close  check  on  the  apparatus 
during  the  entire  combustion,  varying  his  technique  slightly  with 
the  properties  of  the  substance.  Figure  9  shows  two  homemade 
models,  while  Figure  10  shows  the  Furter  furnaces  after  slight 
modification  by  the  mechanic. 

It  has  been  found  desirable  to  keep  the  furnaces  hot  24  hours 
per  day.  Every  morning  the  combustion  tubes  are  conditioned 
by  burning  an  unweighed  sample  of  about  6  mg.  under  regular 
combustion  conditions.  The  setups  are  then  ready  for  the  day’s 
work.  Under  these  conditions,  tubes  give  good  results  for  1  to  3 
months. 
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A  VALUABLE  qualitative  color  test  for  caffeine  is  that  given 
when  the  drug  is  first  oxidized  and  then  treated  with  am¬ 
monia.  It  is  analogous  to  the  murexide  test  for  uric  acid,  and, 
though  not  specific  for  caffeine,  affords  a  convenient  confirma¬ 
tory  reaction.  The  usual  directions  for  conducting  the  test, 
however,  give  results  which  are  not  sufficiently  sensitive  and  re¬ 
liable  when  applied  to  minute  amounts  of  the  drug.  In  an  effort 
to  improve  it  the  literature  (1-18)  was  reviewed  and  experimental 
work  done  to  standardize  reagents  and  conditions  for  obtaining 
more  satisfactory  results. 

EXPERIMENTAL 

Bromine  water,  chloramine-T,  chlorine  water,  hydrogen  per¬ 
oxide,  and  nitric  acid  were  the  oxidants  used,  both  with  and  with¬ 
out  hydrochloric  acid.  Hydrobromic,  acetic,  and  formic  acids 
were  also  tried  but  were  unsatisfactory,  either  alone  or  with  ad¬ 
dition  of  sodium  chloride.  Mixtures  of  the  oxidants  with  caf¬ 
feine,  contained  in  the  cavities  of  porcelain  spot  plates,  were 
evaporated  to  dryness  at  steam  bath,  hot  plate,  and  room  tem¬ 


peratures,  the  latter  proving  unsatisfactory.  Heating  was  con¬ 
tinued  until  maximum  color  developed,  and  after  cooling  the 
residues  were  treated  with  reagents  to  develop  the  final  color. 
These  were  water,  ammonia  vapor  and  solution,  various  aliphatic 
amines  and  alkanolamines,  aniline,  dimethylaniline,  and  pyridine. 
For  all  tests  0.1-ml.  quantities  of  solutions  of  caffeine  monohy¬ 
drate  in  concentrations  from  1-1000  to  1-100,000  were  used. 
Concentrations  and  proportions  of  the  ingredients  of  all  oxidizing 
mixtures  were  varied  within  wide  limits.  About  2000  individual 
tests  were  made. 

The  best  results  were  obtained  with  the  following  oxidizing 
mixtures,  the  amounts  given  being  applied  to  0.1  ml.  of  caffeine 
solution: 

1.  0.1  ml.  of  a  mixture  of  9  volumes  of  saturated  bromine 
water  (2.8  grams  per  100  ml.)  with  1  volume  of  concentrated  hy¬ 
drochloric  acid. 

2.  0.05  ml.  of  an  aqueous  solution  of  chloramine-T  containing 
0.18%  of  active  chlorine,  followed  by  0.05  ml.  of  dilute  hydro¬ 
chloric  acid  (1  plus  9). 
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3.  0.1  ml.  of  a  mixture  of  1  volume  of  concentrated  hydro¬ 
chloric  acid,  9  volumes  of  saturated  chlorine  water  (0.6  gram  per 
100  ml.),  and  90  volumes  of  water. 

4.  0.05  ml.  of  0.6%  hydrogen  peroxide  solution,  followed  by 
0.05  ml.  of  concentrated  hydrochloric  acid. 

5.  0.05  ml.  of  a  mixture  of  9  volumes  of  concentrated  nitric 
acid  and  1  volume  of  concentrated  hydrochloric  acid. 

Any  of  these  mixtures  will  give  a  color  with  caffeine  in  dilutions 
up  to  1-20,000.  All  but  No.  4  will  give  tests  up  to  1-40,000,  and 
No.  2  will  give  a  trace  of  color  with  a  1-80,000  dilution  of  caf¬ 
feine.  The  presence  of  hydrochloric  acid  appears  to  be  essential 
for  maximum  sensitivity,  whatever  the  oxidant  used.  During 
the  evaporation  and  subsequent  heating  exposure  to  steam 
should  be  avoided,  as  it  was  found  to  cause  wide  variations  in 
results.  Use  of  a  hot  plate,  operating  at  or  below  steam  bath 
temperature,  is  recommended. 

In  producing  the  final  color  all  the  compounds  tested,  including 
water  but  excepting  aniline  and  dimethylaniline,  changed  the 
colors  of  the  residues  to  a  uniform  purplish  red,  varying  in  per¬ 
sistence  but  of  equal  intensity,  except  for  ammonia  vapor  which 
gave  a  more  intense  but  relatively  fugitive  color.  Triethanola¬ 
mine  is  recommended  since  it  gives  a  solution  whose  color  fades 
very  slowly,  persisting  for  several  weeks,  which  makes  it  suitable 
for  use  in  quantitative  applications  of  the  test.  A  mixture  of 
equal  volumes  of  triethanolamine  and  water  is  satisfactory. 

During  the  course  of  the  work  evidence  was  obtained  that 
losses  of  caffeine,  significant  when  working  with  minute  amounts 
may  occur  during  evaporation  of  its  aqueous  solutions  and  by  sub¬ 
limation.  For  this  reason  heating  of  dry  residues  suspected  of 
containing  the  drug  should  not  be  prolonged,  and  solutions 
should  not  be  evaporated  before  adding  the  oxidizing  mixture. 


SUMMARY 

A  color  test  for  caffeine  has  been  investigated  and  standardized 
to  produce  sensitive  and  reproducible  results  when  minute 
amounts  of  the  drug  are  present.  The  test  is  conducted  by  add¬ 
ing  a  specified  amount  of  any  one  of  five  oxidizing  mixtures  to 
0.1  ml.  of  a  caffeine  solution,  evaporating  to  dryness,  preferably 
on  a  low-temperature  hot  plate  to  avoid  contact  with  steam,  con¬ 
tinuing  heating  until  maximum  color  is  developed,  and  finally 
adding  0.05  ml.  of  a  triethanolamine  solution.  The  test  can  be 
made  quantitative  by  the  use  of  caffeine  standards  because  of  the 
persistence  of  the  final  color  produced. 
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The  Analysis  of  Foods.  Andrew  L.  Winton  and  Kate  Barber  Winton. 

999  pages,  208  illustrations.  John  Wiley  and  Sons,  Inc.,  New 

York;  Chapman  and  Hall,  Ltd.,  London,  1945.  Price,  $12. 

The  names  of  Andrew  L.  and  Kate  Barber  Winton  are  writ  large 
in  the  literature  relating  to  the  chemistry  and  histology  of  foods. 
The  excellent  teamwork  which  they  displayed  in  their  compendious 
four- volume  treatise  on  “The  Structure  and  Composition  of  Foods”  is 
again  exemplified  in  the  present  work.  A  companion  volume  dealing 
with  the  analytical  methods  by  which  the  composition  of  foods  is  de¬ 
termined  was  in  fact  an  almost  inevitable  consequence  of  their  pre¬ 
vious  publication  and,  in  accomplishing  this  result,  the  authors, 
drawing  upon  the  results  of  their  long  practical  experience  in  federal, 
state,  and  private  laboratories  and  upon  the  observations  of  foreign 
study  and  travel,  have  prepared  a  work  of  inestimable  value  to  all 
food  chemists,  whether  engaged  in  agricultural,  industrial,  nutri¬ 
tional,  and  regulatory  investigations,  or  occupied  in  the  associated 
fields  of  biological  and  physiological  research. 

Breaking  loose  from  the  restrictions  imposed  upon  him  by  the  long 
re-editing  of  A.  E.  Leach’s  “Food  Inspection  and  Analysis”,  Dr. 
Winton  in  the  present  work  found  himself  free  to  adopt  an  entirely 
new  presentation  of  his  own  which  is  outlined  on  the  inside  of  the 
front  cover.  The  subject  matter  is  divided  into  two  main  divisions: 
Part  I  (416  pages)  describes  the  general  analytical  methods  (micro¬ 
scopic,  physical,  and  chemical)  for  determining  (1)  elementary  and 
(2)  proximate  constituents  of  foods,  including  (3)  water,  (4)  protein, 
(5)  fat,  (6)  nifext  (a  code  word  for  the  cumbersome  term  raitrogen-/ree 
extract),  (7)  fiber,  (8)  ash  (including  major  and  minor  mineral  ele¬ 
ments),  (9)  alcohols,  (10)  vitamins,  (11)  natural  and  (12)  artificial 
colors,  and  (13)  chemical  preservatives.  Part  II  (530  pages)  describes 
the  special  analytical  methods  for  each  of  the  12  classes  of  food 
products:  A  cereals,  B  fats,  C  vegetables,  D  fruits,  E  sugars,  F  alco¬ 
holics,  G  dairy  products,  H  animal  foods,  I  alkaloidal  products,  J 
food  flavors,  K  leaven,  L  salt.  Running  heads  on  each  page,  indi¬ 
cating  class,  group,  and  subdivision,  assist  making  cross  references 
within  the  book.  Full  bibliographic  references  at  the  end  of  each 
section  indicate  original  sources  of  information.  Economy  of  space 
is  achieved  by  a  double-column  arrangement  of  the  text. 

While  every  food  analyst  has  his  own  preferences  as  regards  general 
and  special  schemes  of  analysis,  the  selections  described  by  the  Win- 
tons  represent  a  wide  liberal  choice  of  the  best  available  methods; 
among  them  are  many  that  have  been  tested  and  approved  by  the 
Association  of  Official  Agricultural  Chemists,  in  the  affairs  of  which 
Dr.  Winton,  as  a  former  president  and  executive,  took  a  prominent 
part  for  many  years.  As  for  their  choice  of  methods  the  authors 
remark  in  the  preface : 

The  analysis  of  methods  has  demanded  quite  as  much  attention 
as  the  analysis  of  foods.  In  fact,  the  most  difficult — in  some  cases 
almost  hopeless — task  of  the  compilers  has  been  the  separation  of 
the  method  proper  from  its  entanglement  with  experimental  and 
discussion  in  journal  articles  and  the  piecing  together  of  the  parts  to 

form  a  lucid  and  usable  whole . A  method  is  considered  to  be 

a  procedure  in  which  a  basic  reaction,  a  special  reagent,  or  a  physical 
operation  is  used  for  the  first  time  for  the  particular  purpose  and  a 
modification  as  a  method  that  has  been  distinctly  improved  in 
accuracy  or  convenience  without  a  change  in  the  fundamental 

features . In  the  triple  designation  of  a  method,  first  the 

originator  is  given,  second  the  distinctive  reagent,  or  reaction  prod¬ 
uct,  and  third  the  class  to  which  the  method  belongs. 

The  scrupulous  care  of  the  authors  to  give  full  credit  to  the  origi¬ 
nators  of  methods  is  especially  to  be  commended  at  a  time  when 
attention  to  such  matters  of  etiquette  is  all  too  often  neglected. 

The  book  is  provided  with  an  excellent  52-page  index.  The  cuts  of 
apparatus,  graphs,  and  microscopic  sections  are  well  executed.  Only 
a  few  typographical  slips  were  noted,  such  as  a  misplaced  decimal 
point,  or  a  wrong  algebraic  sign — errors  such  as  inevitably  creep  into 
a  complex  formula  or  escape  the  tired  eye  in  the  reading  of  proof. 

Dr.  and  Mrs.  Winton  are  to  be  congratulated  upon  adding  so 
worthy  a  volume  to  their  list  of  publications  on  the  chemistry,  com¬ 
position,  and  microscopy  of  foods. 


C.  A.  Browne 
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A  Rugged  Current  Interrupter 

HAROLD  SIMMONS  BOOTH,  Western  Reserve  University,  Cleveland,  Ohio,  AND 
DONALD  RAY  MARTIN,  University  of  Illinois,  Urbana,  III. 


THE  current  interrupter  described  in  this  paper  was  developed 
to  supply  electrical  energy  intermittently  to  an  electromag¬ 
net  which  activates  a  glass  spiral  stirrer  in  a  freezing  point  cell  C 
(Figure  1)  for  determination  of  the  freezing  points  of  liquefied 
gases.  As  the  electrical  circuit  is  interrupted  by  a  current  inter¬ 
rupter  (Figure  2),  stirrer  S  rises  and  falls,  owing  to  the  attraction 
of  the  solenoid,  M,  for  the  glass-enclosed  piece  of  iron,  N,  thus  im¬ 
parting  a  swirling  motion  to  the  liquid  in  the  cell  (2). 

When  Baume  ( 1 )  first  devised  an  apparatus  of  this  type,  for 
determining  the  freezing  points  of  liquefied  gases,  the  electrical 
circuit  was  opened  and  closed  by  the  use  of  a  metronome  carrying 
wires  which  alternately  dipped  into  two  small  cups  containing 
mercury.  The  metronome  is  unsatisfactory  because  its  use  for 
any  length  of  time  is  limited,  its  wire  contacts  are  readily  fouled, 
and  the  mercury  is  easily  spilled. 

Drawn  to  scale  in  Figure  2  is  a  front  and  side  view  of  a  current 


interval  than  the  first  timer  is  giving.  The  interrupters  in  use  at 
Western  Reserve  University  are  of  this  type  and  in  addition  are 
enclosed  in  a  wooden  housing  for  protection  from  fumes  and  dirt. 

A  list  of  the  parts  required  for  making  the  interrupter  shown  in 
Figure  2  is  given  in  Table  I.  This  interrupter  produces  146  inter¬ 
ruptions  per  minute  when  only  one  terminal  A  on  the  timer  is 
being  used. 

ALTERNATE  DESIGN 

Small  inexpensive  motors  with  self-contained  reducing  gears 
are  on  the  market. 


Table  I.  List  of  Parts 

(Wherever  possible  standard  size  parts  and  material  were  used) 
Letter  in  Number 

Figure  2  Required  Description  of  Part 


interrupter  now  in  use  at  the  University  of  Illinois  which  was  de¬ 
veloped  over  a  period  of  years  at  Western  Reserve  University. 

The  principle  involved  is  the  mechanization  of  an  ignition 
timer  of  a  Model  T  Ford  automobile.  The  essential  features 
consist  of  an  electric  motor,  M,  geared  by  means  of  a  worm  gear, 
G,  and  a  worm,  W,  to  the  drive  shaft,  E,  of  the  rotor,  R,  of  the 
timer,  T.  E  is  supported  by  two  pillow  blocks,  H,  and  has  the 
remainder  of  its  length  taken  up  by  a  commutator,  C,  and  a 
concentric  sleeve  spacer,  P.  The  entire  unit  is  mounted,  by 
means  of  wood  screws,  to  a  wooden  base  in  such  a  manner  that 
the  motor  drive  shaft  can  be  geared  to  E. 

The  electrical  circuit  consists  of  the  attachment  of  one  lead 
wire  to  the  double  binding  post,  B,  which  communicates  by 
means  of  a  brass  brush  to  the  slip  ring  of  commutator  C,  which  in 
turn  connects  through  E  with  rotor  R.  As  R  revolves  it  contacts 
the  arc-shaped  metal  plates  (solid  black  in  Figure  2)  which  are 
connected  to  the  four  terminal  posts,  A,  of  timer  T.  The  other 
lead  wire  connects  to  all  four  terminals  if  a  rapid  circuit  inter¬ 
ruption  per  time  interval  is  desired,  or  it  may  connect  to  two 
terminals,  or  to  one  terminal  if  fewer  interruptions  are  desired. 

The  interrupter  can  be  made  to  cause  any  desired  number  of 
current  interruptions  per  given  time  interval  by  changing  G  and 
W ,  or  by  changing  the  motor,  M,  for  one  with  the  desired  number 
of  revolutions  per  minute.  If  many  lead  wires  are  desired,  an¬ 
other  timer  may  be  attached  at  the  other  end  of  E.  This  second 
timer  can  have  the  lead  wires  so  attached  at  points  A  that  it  will 

give  a  different 
number  of  current  in¬ 
terruptions  per  time 


M 

w 


E 

H 

P 

C 


B 

T 

D 


Electric  motor,  V»o  horsepower,  1750  r.p.m. 

Soft  steel  worm,  pitch  diameter  0.625,  0.75-inch  face, 
0.25-inch  bore,  without  hub 

Bronze  worm  gear,  16  pitch,  0.375-inch  concave  face, 
single  right-hand  thread,  12  teeth,  pitch  diameter  0.75 
inch,  J/i«  inch  bore,  0.5-inch  hub  diameter 
Timer’s  rotor  drive  shaft  of  */i«  inch  diameter  steel 
drill-rod,  4.75  inches  long 

Pillow  blocks,  cut  a3  cross-sectional  pieces  from  a  brass 
casting  as  shown  in  Figure  2.  An  oil  hole  is  drilled  in 
top  of  each  pillow  block  perpendicular  to  V it  inch 
hole  drilled  to  accommodate  E 
Concentric  sleeve  spacer  made  from  0. 5-inch  steel  rod 
1.25  inches  long  with  */u  inch  hole  drilled  longitu¬ 
dinally 

Commutator,  slip  ring  made  as  a  brass  disk  0.375  inch 
wide  from  a  0.75-inch  rod  having  a  Vie  inch  hole 
drilled  through  center  of  disk. 

Brush  made  from  a  piece  of  sheet  brass  a/«2  X  0.375  X 
2.875  inches,  cut  and  bent  as  shown  in  Figure  2. 
Base  of  brush  has  one  hole  drilled  with  a  No.  18  wire 
gage  drill 

Double  binding  post,  American  form 
Ignition  timer  (Model  T  Ford) 

Timer  mounting  made  from  a  piece  of  sheet  brass 
V32  by  0.5  by  1  inch,  soldered  to  steel  cap  of  timer  T 
and  bent  as  shown  in  Figure  2.  Base  of  mounting 
has  two  holes  drilled  with  a  No.  18  wire  gage  drill 
TVooden  board,  3.375  inches  wide,  7.5  inches  long,  and 
0.625  inch  thick  to  serve  as  a  base  for  T,  C,  and  H 
Wooden  board,  7.5  inches  square  and  0.875  inch  thick, 
to  serve  as  a  base  for  entire  interrupter 
Flat-head,  steel  machine  screw,  No.  8,  32-thread,  1  inch 
long,  for  securing  B  and  C  to  base 
Round-head,  steel  wood  screws,  No.  10,  1  inch  long,  for 
securing  M  to  base 

Round-head,  steel  wood  screws,  No.  8,  1  inch  long,  for 
securing  T  and  H  to  base 


Figure  1 .  Freezing  Point  Cell 
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Figure  2.  Current  Interrupter 
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Speedway  motor  No.  953  W,  shaft  speed  40  r.p.m.,  110-volt, 
60-cycle,  with  shaft  in  vertical  position  is  suitable  (manufactured 
by  the  Speedway  Mfg.  Co.,  1834  South  52nd  Ave.,  Cicero,  Ill.). 
The  rotor  of  the  Ford  timer  may  be  directly  attached  to  one  end  of 
a  ®/i6  inch  shaft  2  inches  long,  drilled  at  the  other  end  to  slip  over 
the  shaft  of  the  motor  and  fitted  with  a  setscrew.  The  center 
part  of  the  9/i6  inch  brass  extension  shaft  acts  as  the  commutator 
surface. 

The  motor  is  fastened  in  a  wooden  housing  with  a  hole  drilled 
in  the  top  for  the  vertical  shaft.  The  commutator  brush  is 
mounted  on  the  housing  top  and  the  timer’s  rotor  above  it.  The 
timer  is  slipped  over  this  and  is  kept  from  rotating  by  two  brass 
straps  bent  in  the  form  of  an  L  and  fastened  to  the  opposite  sides 
of  the  timer’s  housing.  Through  holes  in  the  base  of  the  brass 


supports,  screws  hold  the  housing  in  place  at  the  correct  distance 
above  the  top  of  the  wooden  housing.  Wires  from  the  commuta¬ 
tor’s  brush  and  from  the  contacts  on  the  timer’s  housing  lead  to 
binding  posts  on  the  side  of  the  wooden  housing. 

Speedway  motors  with  different  shaft  speeds  may  be  obtained, 
so  that  practically  any  number  of  interruptions  per  minute  desired 
may  be  obtained. 
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Apparatus  for  Rapid  Removal  of  Solvents 
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ONE  of  the  problems  encountered  in  the  preparation  of  puri¬ 
fied  pyrethrum  concentrates  (1),  using  nitromethane  as  a 
solvent,  was  how  to  prevent  the  decomposition  of  the  pyrethrum 
concentrates  while  distilling  the  nitromethane.  Conventional 
vacuum-distillation  apparatus  for  large  volumes  is  likely  to  be 
very  bulky  and  unwieldy.  When  the  residue  in  the  still  is  the 


moving  medium-boiling  solvents  from  not  only  pyrethrum  con¬ 
centrates  but  other  plant  extracts  and  organic  compounds. 

The  apparatus  is  pictured  in  Figure  1.  The  solution  to  be 
evaporated  is  placed  in  the  holder,  1.  The  stopcock,  2,  regulates 
the  flow  into  the  boiler,  3.  The  boiler  and  the  stripper,  6,  are 
heated  by  means  of  steam  passing  in  14  and  out  19.  A  bead,  4, 
prevents  a  rush  of  liquid  through  constriction  5  into  6.  A  trap, 
8,  prevents  entrained  liquid  from  passing  into  the  condenser 
with  the  vapors.  Most  of  the  solvent  is  evaporated  in  the  boiler, 
but  the  remainder  is  evaporated  in  the  stripper  so  that  the  com¬ 
bined  vapors  pass  into  the  condenser,  9,  and  are  recovered.  A 
double  condenser  is  used  because  an  extremely  long  condenser 
would  be  awkward.  The  solute  from  the  stripper  is  collected  in 
receiver  7,  and  the  condensed  solvent  collects  in  receiver  10. 
Obviously  the  size  of  the  receivers  depends  upon  the  quantity  and 
proportions  of  solvent  and  solute.  A  glass  rod,  18,  connects  the 
two  arms  of  the  condenser  to  prevent  undue  strain  on  the  lower 
point  of  attachment.  With  liquids  of  high  vapor  pressure  it  is 
well  to  use  an  ice  trap  in  the  vacuum  line  from  17. 

A  useful  part  of  the  apparatus  is  the  steam  generator.  This  is 
attached  to  the  still  at  14  and  is  heated  by  means  of  coil,  12,  con¬ 
nected  to  a  variable-voltage  transformer  by  means  of  leads,  13. 
The  water  level  is  kept  constant  at  11  by  recovering  the  steam 
through  condenser  15.  The  connecting  tube,  14,  is  large  enough 
to  permit  any  water  from  condensed  steam  in  the  still  to  pass  back 
into  the  steam  generator.  The  vent,  16,  is  necessary  to  prevent 
having  a  closed  system;  it  may  also  be  used  for  filling  the  steam 
generator.  The  coil,  12,  is  240  cm.  (8  feet)  of  No.  22  Chromel  A 
wire.  It  is  important  to  connect  the  coil  to  the  power  source  by 
means  of  copper  leads  from  below  the  water  level;  otherwise,  the 
life  of  the  coil  will  be  short. 

In  actual  use  the  apparatus  has  more  than  met  expectations. 
In  the  preparation  of  pyrethrum  concentrates  the  nitromethane 
solution  seldom  contained  more  than  10%  of  pyrethrins,  yet  it 
was  possible  to  remove  the  nitromethane  almost  quantitatively 
at  the  rate  of  1500  ml.  per  hour.  When  solvent  was  removed  at 
this  rate,  it  was  necessary  to  run  the  concentrate  through  a  sec¬ 
ond  time  to  remove  the  last  traces  of  solvent.  Little  extra  time 
is  needed  to  make  this  second  run.  At  no  time  has  any  evidence 
been  found  that  the  pyrethrins  have  been  decomposed  in  this 
apparatus.  When  tested  against  houseflies,  the  pyrethrins  pre¬ 
pared  had  the  same  potency  as  commercial  samples  of  pyrethrum 
containing  the  same  concentration  of  the  active  ingredients. 

For  liquids  boiling  below  70°  to  80°  C.  the  apparatus  can  be 
used  without  vacuum.  In  this  manner  it  can  be  employed  for 
recovering  alcohol  and  other  solvents.  By  adjusting  the  pres¬ 
sure,  steam  flow,  and  rate  of  intake,  it  can  be  used  for  the  rapid 
concentration  of  solutions  when  it  is  desired  to  retain  a  certain 
amount  of  solvent,  as  in  concentrations  prior  to  crystallization. 
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Stability  of  Wijs’  Solution  in  the  Tropics 
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be  kept  for  more  than 


ONE  of  the  advantages  of  Wijs’ 
solution  has  always  been  claimed 
to  be  its  stability.  Extreme  expres¬ 
sions  are  those  of  Lewkowitsch  (3), 
who  went  so  far  as  to  say  that  “in 
ordinary  work  a  blank  is  not  required”, 
and  of  the  Report  of  the  Ninth  Con¬ 
ference  of  the  International  Union 
of  Pure  and  Applied  Chemistry  at 
The  Hague,  1928,  quoted  by  Mitchell 
(4),  “kept  in  a  well-closed  bottle  in 
the  dark,  the  solution  remains  in  good 
condition  for  years”.  On  the  other 
hand,  in  the  United  States  Hanus’ 
solution  is  generally  preferred  to 
Wijs’,  and  Jamieson  ( 2 )  recommends 
that  Wijs’  solution,  if  used,  should  not 
a  month. 

Norris  and  Buswell  ( 5 )  have  recently  found  that  over  a  total 
period  of  505  days,  Wijs’  solution  gave  unvarying  results  for  the 
iodine  values  of  the  same  substrate.  It  will,  it  is  hoped,  be  of  in¬ 
terest  to  record  the  writer’s  experience  with  this  reagent  in  the 
tropical  low  country  of  Ceylon,  where  the  mean  laboratory  tem¬ 
perature  is  approximately  81°  F.  and  the  mean  relative  humidity 
about  84%. 

The  reagent  has  been  prepared  from  iodine  trichloride  supplied 
in  sealed  ampoules.  (Obtained  from  British  Drug  Houses,  Ltd., 
London.  The  weight  of  the  contents  of  ampoules  varied  consider¬ 
ably  and  as  much  as  11  grams  has  been  found  in  one  stated  to 
contain  9  grams.  The  contents,  however,  were  never  less  than 
stated.)  The  usual  procedure  has  been  to  weigh  the  ampoule, 
open  it,  and  empty  the  contents,  washing  out  with  acetic  acid  used 
for  the  solution.  The  ampoule  is  dried  and  reweighed.  Sufficient 
iodine  is  then  employed  to  form  iodine  monochloride  with  about 
2%  excess  of  iodine.  The  solution  made  up  to  1  liter  is  stand¬ 
ardized  and  adjusted  to  approximately  0.2  N.  The  usual  precau¬ 
tions  are  taken  to  prevent  absorption  of  moisture. 

Table  I  gives  a  selection  from  laboratory  records  of  the  periodi¬ 
cal  standardization  of  such  solutions.  This  has  been  done  in  the 
usual  way  by  adding  potassium  iodide  and  titrating  with  0.1  A 
sodium  thiosulfate  solution,  the  latter  having  been  standardized 
in  each  case  against  weighed  quantities  of  potassium  dichromate, 
A.R. 

Wijs’  solutions  1  to  4  were,  during  the  stated  periods,  in  fairly 
regular  use,  and  when  not  actually  in  use,  were  kept  in  the  dark 
in  amber-colored  ground-glass  stoppered  bottles.  That  the  loss 
in  strength  is  partly  due  to  small  access  of  water  vapor  during  ac¬ 
tual  use,  when  the  stopper  is  removed  from  time  to  time,  is  not  un¬ 
likely  (cf.  Hilditch,  1),  but  when  the  figures  in  Table  I  are  plotted 
it  is  observed  that  the  drop  in  titer  during  a  period  of  nonuse  is 
of  the  usual  order. 

In  general  the  drop  in  factor  has  been  reasonably  regular  at 
approximately  0.00006  N  per  day — that  is,  the  solution  during 
normal  use  loses  about  1%  of  its  strength  in  a  month.  Iodine 
values  determined  on  the  same  samples  of  oils  using  a  fresh 
solution  side  by  side  with  one  10  months  old  gave  concordant  re¬ 
sults  and  the  writer  is  of  opinion  that  there  is  no  risk  in  keeping  a 
solution  in  use  for  that  length  of  time,  if  blanks  are  run  each 
time  it  is  used.  This  is  usual,  and  clearly  was  the  practice  of 
Norris  and  Buswell,  whose  results  do  not  indicate  how  far  the  ab¬ 
solute  titer  of  their  Wijs’  solution  changed  during  use. 

LITERATURE  CITED 

(1)  Hilditch,  T.  P.,  “Industrial  Chemistry  of  Fats  and  Waxes”,  p. 
41,  London,  Bailliere  Tindall  &  Cox,  1927. 


Table  I.  Change  of  Factors  of  Wijs’  Solutions  on  Storing 


Date 

Solution  1 

Date 

Solution  2 

Date 

Solution  3 

Date 

Solution  4 

3-29-33 

0.2730 

10-17-33 

(0.2170)“ 

10-12-34 

(0.2049)“ 

1-21-41 

0.1987 

5-21-33 

0.2712 

12-  8-33 

0.2088 

10-23-34 

0.1950 

2-  3-41 

0.1969 

5-28-33 

0.2705 

4-  5-34 

0.2013 

12-  6-34 

0.1930 

2-13-41 

0.1966 

6-12-33 

0.2699 

5-19-34 

0.1994 

12-12-34 

0.1926 

2-28-41 

0.1952 

6-18-33 

0 . 2703 

8-  7-34 

0.1938 

4-  3-35 

0.1862 

6-  8-41 

0.1890 

6-27-33 

0 . 2704 

9-  4-34 

0.1914 

4-23-35 

0.1841 

6-16-41 

0.1884 

7-16-33 

0.2667 

10-  4-34 

0.1908 

5-22-35 

0.1803 

6-20-41 

0.1879 

9-  6-33 

0.2658 

8-  8-41 

0.1845 

10-  8-33 

0.2631 

8-  9-41 

0.1845 

10-10-33 

0.2627 

3-29-33 

12-8-33 

10-23-34 

1-21-41 

to 

Fall  in 

to 

Fall  in 

to 

Fall  in 

to 

Fall  in 

10-10-33 

Factor 

10-4-34 

Factor 

5-22-35 

Factor 

8-9-41 

Factor 

195  days 

0.0103 

300  days 

0.0150 

210  days 

0.0145 

200  days 

0.0142 

Per  day 

0.000053 

Per  day 

0.000050 

Per  day 

0.000069 

Per  day 

0.000071 

Solutions  not  standardized.  Factor  calculated  from  weights  of  iodine  trichloride  and  iodine  used. 
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Indirect  Stabilization  of  Ferrous 
Sulfate  Solution 

FREDERICK  R.  DUKE 

Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 

ALTHOUGH  ferrous  sulfate  is  one  of  the  most  useful  reducing 
agents,  its  instability  toward  air  oxidation  makes  frequent 
restandardization  necessary.  The  common  practice  of  storing 
the  solution  under  hydrogen  is  objectionable  because  of  the  ex¬ 
plosive  nature  of  the  gas. 
The  method  for  indirect 
stabilization  described  here 
depends  upon  reduction  of 
any  ferric  iron  in  the  solu¬ 
tion  as  it  emerges  from  the 
stock  bottle,  using  a  lead 
amalgam  reductor.  Lead 
easily  reduces  iron,  but  has 
no  tendency  to  reduce  hy¬ 
drogen  ion,  thereby  elimi¬ 
nating  gas  formation;  in 
addition,  the  lead  sulfate 
formed  in  the  reductor  is 
insoluble  and  remains  in 
the  reductor.  The  net  re¬ 
sult  is  the  addition  of  noth¬ 
ing  to  the  solution,  the  removal  of  a  small  amount  of  sulfate 
ion,  and  completely  reduced  ferrous  sulfate  at  all  times. 

Amalgam.  One  kilogram  of  approximately  20-mesh  lead 
metal  is  stirred  with  30  ml.  of  pure  mercury.  After  thorough 
mixing,  the  amalgam  is  washed  with  1  M  sulfuric  acid. 

Apparatus.  A  30-cm.  (12-inch)  Kimble  calcium  chloride  tower 
(catalog  No.  19,500)  is  equipped  as  shown  in  Figure  1,  with  stop¬ 
pers,  the  amalgam,  and  glass  wool.  The  large  size  of  the  tower 
permits  rapid  flow  without  pressure,  complete  reduction,  and 
long  life.  When  the  amalgam  becomes  well  filled  with  lead  sul¬ 
fate,  it  should  be  removed  from  the  tower  and  washed  with  water 
until  substantially  free  of  the  sulfate. 

The  ferrous  sulfate  solution  should  be  no  less  than  1  M  in  sul¬ 
furic  acid  for  rapid  and  complete  reduction. 


A. 

B. 

C. 


Figure  1.  Apparatus 

Fine  glass  cotton  (Pyrex  790) 

Amalgam 

Coarse  glass  cotton 
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RELIMINARY  studies  conducted  during  the  pea-canning 
season  of  1943  indicated  that  ascorbic  acid  was  lost  in  the  prep¬ 
aration  of  a  slurry  in  the  Waring  Blendor  from  a  mixture  of  300 
grams  of  freshly  vined  peas  and  150  grams  of  3%  metaphos- 
phoric  acid  solution  (batch  A).  This  resulted  in  a  final  concen¬ 
tration  of  1.0%  metaphosphoric  acid.  However,  this  loss  of 
ascorbic  acid  was  not  observed  when  similar  slurries  were  pre¬ 
pared  from  the  same  batch  of  peas  after  they  had  been  canned. 
A  search  of  the  literature  failed  to  disclose  the  cause  of  the  diffi¬ 
culty  but  it  appeared  that  the  destruction  of  ascorbic  acid  during 
and  after  blending  raw  peas  may  have  been  caused  by  active 
oxidative  enzymes.  As  a  result  of  this  observation,  studies  were 
carried  out  to  determine  the  conditions  under  which  freshly 
vined  peas  must  be  handled  in  order  to  eliminate  any  loss  of 
ascorbic  acid  during  and  after  blending.  To  this  end,  repre¬ 
sentative  samples  of  freshly  vined  peas,  washed  and  unwashed, 
were  blended  with  various  concentrations  of  metaphosphoric 
acid  in  an  atmosphere  of  nitrogen  and  in  air. 

These  samples  were  selected  originally  from  batches  (300 
pounds  or  more)  of  freshly  vined  peas.  In  order  to  obtain  repre¬ 
sentative  samples  of  peas  from  the  batches,  an  initial  sampling 
was  effected  in  which  2-kg.  portions  were  taken;  300  grams  of 
this  initial  sample  and  150  grams  of  metaphosphoric  acid  solution 
were  blended.  In  the  subsequent  analyses  reported  here  200 
grams  of  the  initial  sample  and  an  equal  weight  of  the  metaphos¬ 
phoric  acid  solution  were  blended  in  a  Waring  Blendor  for  3 
minutes.  Nitrogen  gas  was  supplied  through  a  glass  tube  set  in 


Table  I.  Losses  of  Reduced  Ascorbic  Acid  in  Freshly-Vined 
Peas  Blended  with  Metaphosphoric  Acid  in  Air  and  in  Nitrogen 


Final  Concen- 

tration  of  Meta- 

Sample 

phosphoric  Acid 

Ascorbic 

Ascor- 

Designa- 

Treatment 

Time 

Blended 

Blended 

Acid 

bic 

tion, 

of  Peas 

after 

in 

in 

Content 

Acid 

Batch 

after  Vining 

Blending 

air 

nitrogen 

of  Peas 

Loss 

Min. 

% 

% 

Mg./lOOg. 

% 

A 

Washed 

0 

3.0 

25.9 

0.0 

Washed 

10 

3.0 

25.9 

0.0 

A 

Washed 

0 

1.0 

20. 1 

22.4 

Washed 

10 

1.0 

17.3 

33.2 

B-5 

Washed 

0 

3.0 

22.0 

0.0 

Washed 

60 

3.0 

22.0 

0.0 

Washed 

120 

3.0 

22.0 

0.0 

B-5 

Washed 

0 

1.5 

19.8 

10.0 

Washed 

60 

1.5 

17.0 

22.7 

Washed 

120 

1.5 

14.0 

36.4 

B-7 

Washed 

0 

3.0 

21.6 

0.0 

Washed 

60 

3.0 

21.6 

0.0 

Washed 

120 

3.0 

21.6 

0.0 

B-7 

Washed 

0 

3.0 

20.5 

5.1 

Washed 

60 

3.0 

20.5 

5.1 

W ashed 

120 

3.0 

19.8 

8.3 

B-7 

Washed 

0 

1.5 

0.72 

96.7 

Washed 

60 

1.5 

0.58 

97.3 

C 

Unwashed 

0 

3.0 

31.3 

0.0 

Unwashed 

0 

2.0 

30.2 

3.5 

Unwashed 

0 

1.0 

24.5 

21.7 

C 

Washed 

0 

3.0 

28.1 

0.0 

Washed 

0 

2.0 

27.5 

2.1 

Washed 

0 

1.0 

24.8 

11.7 

D 

Unwashed 

0 

3.0 

32.8 

0.0 

Unwashed 

60 

3.0 

32.8 

0.0 

Unwashed 

0 

3.0 

32.8 

0.0 

Unwashed 

60 

3.0 

32.8 

0.0 

D 

Washed 

0 

3.0 

29.9 

0.0 

Washed 

60 

3.0 

29.9 

0.0 

Washed 

0 

3.6 

28.8 

3.7 

Washed 

60 

3.0 

28.4 

5.0 

the  cap  of  the  Blendor  bowl  and  directed  downward  below  the 
surface  of  the  mixture  onto  the  knives  of  the  bowl.  A  10-gram 
aliquot  of  the  slurry  was  transferred  to  a  volumetric  flask  and 
made  to  volume  with  3%  metaphosphoric  acid  solution.  This 
mixture  was  filtered  (Whatman  No.  12  paper)  and  an  aliquot  of 
the  clear  filtrate  was  titrated  for  reduced  ascorbic  acid  with 
sodium  2,6-dichlorobenzenoneindophenol  solution  containing  40 
mg.  of  dye  per  100  ml.  of  water.  The  first  pink  color  that  per¬ 
sisted  for  30  seconds  was  considered  the  end  point. 

The  ascorbic  acid  values  presented  here  are  for  the  reduced 
form  of  the  vitamin.  No  attempt  was  made  to  determine  de- 
hydroascorbic  acid,  since  the  methods  which  were  available  at 
that  time  for  its  determination  did  not  lend  themselves  to 
routine  analyses,  especially  under  the  conditions  in  which  these 
field  experiments  were  conducted. 

The  results  of  these  studies,  a  summary  of  which  is  presented 
in  Table  I,  indicate  that  a  final  concentration  of  3%  metaphos¬ 
phoric  acid,  as  produced  by  blending  equal  weights  of  fresh  peas 
and  a  6%  metaphosphoric  acid  solution  in  an  atmosphere  of 
nitrogen,  preserved  the  ascorbic  acid  for  at  least  1  hour.  Later 
studies  showed  that  ascorbic  acid  was  retained  without  loss  in  a 
final  concentration  of  3%  metaphosphoric  acid  for  2.5  hours.  It 
appeared  that  a  low  final  concentration  of  metaphosphoric  acid 
(approximately  1%)  was  insufficient  to  inactivate  the  enzymes 
contained  in  fresh  peas. 

With  an  optimum  concentration  of  metaphosphoric  acid  it  is 
generally  assumed  that  it  is  unnecessary  to  blend  in  an  inert 
atmosphere.  The  authors’  work  indicates  that,  with  a  final 
concentration  of  3%  metaphosphoric  acid,  blending  in  an  at¬ 
mosphere  of  nitrogen  does  not  appear  to  be  absolutely  essential 
in  order  to  retain  the  ascorbic  acid  of  raw  peas.  However,  if  the 
slurry  is  to  be  stored  for  any  length  of  time  and  then  reblended, 
small  but  significant  losses  of  ascorbic  acid  occur  when  nitrogen 
is  not  employed. 

Typical  ascorbic  acid  values  obtained  after  blending  peas  with 
various  concentrations  of  metaphosphoric  acid  are  shown  in 
Table  I,  batches  B-5,  B-7,  and  C.  Results  with  batches  C  and 
D  show  that  freshly  vined  peas  are  higher  in  ascorbic  acid  before 
the  vine  and  pod  juices  have  been  washed  away.  The  unwashed 
peas  were  found  to  retain  their  ascorbic  acid  in  a  final  concen¬ 
tration  of  3%  metaphosphoric  acid  regardless  of  the  presence  of 
nitrogen  during  the  blending  process.  The  latter  observation 
was  unexpected,  in  view  of  the  fact  that  this  experiment  was  per¬ 
formed  primarily  to  test  the  inactivating  power  of  a  final  con¬ 
centration  of  3%  metaphosphoric  acid  on  the  enzymes  of  the  vine 
and  pod  juices. 

In  supplementary  studies,  the  use  of  oxalic  acid  in  place  of 
metaphosphoric  acid  was  found  less  desirable,  since  oxalic  acid 
solutions  yielded  turbid  filtrates  which  are  more  difficult  to  titrate 
and  usually  give  rise  to  higher  ascorbic  acid  values. 

SUMMARY 

A  final  concentration  of  3%  metaphosphoric  acid  has  been 
found  optimum  for  blending  raw  peas  in  a  Waring  Blendor.  The 
use  of  a  nitrogen  atmosphere  for  blending  was  advantageous  in 
preventing  oxidation,  especially  when  the  concentration  of 
metaphosphoric  acid  was  not  optimum. 

Supported  in  part  by  a  grant  from  the  National  Canners  Association-CaD 
Manufacturers  Institute  Nutrition  Program.  This  is  the  12th  of  a  series  of 
papers  dealing  with  the  general  subject,  “The  Nutritive  Value  of  Canned 
Foods”. 
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Apparatus  for  Measurement  of  the  Density  of  Porous  Solids 

K.  A.  KRIEGER 

Department  of  Chemistry  and  Chemical  Engineering,  University  of  Pennsylvania,  Philadelphia,  Pa. 


AN  APPARATUS  for  the  measurement  of  surface  area  ( 2 ) 
has  been  found  convenient  for  the  measurement  of  the 
density  of  porous  solids  with  helium  as  the  displaced  fluid.  Al¬ 
though  excellent  apparatus  for  this  purpose  has  been  described 
elsewhere  ( 1 ,  8,  4,  5),  it  frequently  happens  that  surface  areas 
and  densities  are  of  interest  to  the  same  worker. 


surdly  high  densities,  and  high  values  are  in  general  suspect  for 
this  reason. 

The  table  below  gives  a  few  typical  results,  and  more  extensive 
data,  to  be  published  later,  will  show  that  a  reproducibility  of  1 
to  2%  can  be  expected  with  this  apparatus,  even  with  materials  of 
unfavorable  bulk  density. 


APPARATUS  AND  PROCEDURE 

The  apparatus  is  identical  with  that  shown  in  Figure  1  of  ( 2 ) 
except  that  bulb  A  is  replaced  by  a  much  larger  bulb,  A',  pref¬ 
erably  of  about  75-cc.  capacity,  joined  as  shown  to  stopcock  1 
through  a  ground-glass  joint. 

Of  the  several  procedures  which  could  be  followed  in  the  use 
of  this  apparatus,  the  following  has  been  found  most  satisfactory: 

Determination  of  Apparatus  Constants.  With  A'  empty, 
stopcock  1  open,  and  the  mercury  level  at  a,  evacuate  the  entire 
apparatus,  close  stopcock  1,  admit  helium  to  a  pressure  of  20  to 
25  cm.,  raise  the  mercury  to  the  bottom  of  Bt,  evacuate  E,  and 
measure  the  pressure  in  the  system.  Raise  the  mercury  to  a 
higher  level  and  measure  the  pressure  again.  Calculate  the 
volume,  y,  from  stopcock  1  to  the  top  of  bulb  Bx  (not  including 
the  stopcock  bore)  by  the  gas  law.  Knowing  ?/,  calculate  the 
product,  pV,  of  the  pressure  and  volume  of  the  admitted  gas 
with  the  mercury  at  several  of  the  marks,  m.  The  deviations  of 
the  individual  pV’s  from  their  average,  pV,  should  not  exceed  a 
few  tenths  per  cent.  With  the  mercury  near  the  middle  mark, 
open  stopcock  1  and  determine  a  new  set  of  pressures  for  several 
settings  of  the  mercury.  We  now  have: 


pV 

Pi' 

pV 

Ps' 

pV 

Po' 


—  {B 4  +  Bi  +  Bi  -j-  Bi  -{-  x  +  y) 

—  (Bs  +  Bi  +  Bi  +  x  +  y) 

=  (x  +  y) 


(1) 


where  p4',  Pi  . are  the  pressures  with  4,  3 . bulbs 

empty,  Bit  B3 . are  the  volumes  of  the  bulbs,  and  x  is  the 

volume  of  bulb  A '  to  and  including  the  bore  of  stopcock  1.  Cal¬ 
culate  the  mean  value  of  x  from  Equations  1. 

x  and  y  are  constants  of  the  apparatus  and  need  be  determined 
only  once.  In  an  apparatus  of  the  dimensions  suggested,  it 
should  be  possible  to  determine  x  to  about  0.1  cc.  and  y  to  a  few 
hundredths  of  1  cc. 

Determination  of  Density.  Fill  bulb  A '  nearly  to  the  top 
with  a  weighed  sample  of  solid,  open  stopcock  1,  set  the  mercury 
at  a,  and  outgas.  Close  stopcock  1,  admit  helium  to  about  20- 
cm.  pressure,  raise  the  mercury  to  the  bottom  of  Bt,  and  evacu¬ 
ate  E.  With  stopcock  1  still  closed,  find  pV  as  before;  then  open 
stopcock  1  and  find  x'  by  the  procedure  given  above.  The 
density  of  the  sample  is  then:  ‘ 


D  = 


where  x'  is  the  volume  of  A '  less  the  volume  occupied  by  the  solid, 
and  w  is  the  weight  of  the  sample. 


DISCUSSION 

Adsorbable  impurities  in  the  helium  are  the  principal  source 
of  error,  and  some  care  is  required  to  remove  them.  It  is  ad¬ 
visable  to  admit  the  helium  before  use  to  a  bulb  external  to  the 
apparatus  and  containing  the  material  whose  density  is  to  be 
measured  or  one  with  similar  adsorbent  properties.  After  stand¬ 
ing  for  a  few  minutes  in  this  bulb  the  helium  is  admitted  to  the 
apparatus  proper  through  a  trap  immersed  in  liquid  air  or  liquid 
nitrogen.  If  a  chemical  drying  train  is  used  instead  of  the  cold 
trap,  careful  flushing  with  helium  is  required.  The  presence  of 
adsorbable  impurities  in  appreciable  quantities  will  give  ab¬ 


Sample 

Density 

By  water  displacement 

G./cc . 

By  helium  displacement 

G./cc. 

Glass  beads 

2.32 

2.30 

Bauxite 

* 

2.73 

2.79 

2.77 

2.77 

2.76  ±  0.02 

Thermostating  the  apparatus  is  almost  a  necessity  for  this 
work,  and  constancy  to  ±0.1°  C.  is  desirable. 

This  apparatus  requires  rather  large  samples — i.e.,  the  true 
volume  of  the  sample  should  not  be  less  than  10  cc.  for  2%  re¬ 
producibility — but  on  the  other  hand  the  sample  is  not  injured 
by  the  process. 
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Analytical  Advisory  Board  Meeting 

The  Advisory  Board  of  the  Analytical  Edition,  Industrial  and 
Engineering  Chemistry,  met  at  the  summer  offices,  Marine  Bio¬ 
logical  Laboratory,  Woods  Hole,  Mass.,  on  Saturday,  July  14. 
Present  were  R.  P.  Chapman,  J.  R.  Churchill,  T.  R.  Cunningham, 
M.  G.  Mellon,  B.  L.  Oser,  H.  H.  Willard,  and  L.  T.  Hallett,  associate 
editor;  B.  L.  Clarke,  G.  E.  F.  Lundell,  and  R.  H.  Muller  were  unable 
to  attend. 

Considerable  discussion  was  devoted  to  the  character  of  articles 
that  are  being  offered  for  publication  in  the  Analytical  Edition, 
and  regret  was  expressed  that  present  conditions  have  limited  some¬ 
what  research  in  colleges  and  universities  and  that  consequently  there 
has  been  some  falling  off  in  receipt  of  papers  from  these  sources. 
Statistics  wrere  presented  to  the  board  regarding  the  number  of  papers 
submitted  for  consideration,  which  is  slightly  larger  than  last  year; 
the  proportion  of  papers  that  are  rejected  for  one  reason  or  anothei 
continues  almost  unchanged  from  year  to  year. 

It  is  proposed  to  publish  from  time  to  time  in  the  Analtyical 
Edition  editorials  on  subjects  that  are  of  particular  interest  to  its 
readers.  One  such  that  will  appear  at  an  early  date  will  have  to  do 
with  the  training  of  analysts,  from  the  point  of  view  of  industry, 
perhaps  followed  by  a  complementary  discussion  from  the  academic 
point  of  view.  Regret  was  expressed  by  members  of  the  board  that 
the  quality  of  training  of  analytical  chemists  is  deteriorating  in  many 
institutions  at  the  present  time,  and  that  there  is  a  regrettable  lack 
of  appreciation  in  industry  of  the  importance  of  this  type  of  work. 

In  an  effort  to  promote  consistency  in  the  use  of  scientific  terms, 
both  among  chemists  and  between  chemists  and  other  groups  of 
scientists,  the  Analytical  Edition  is  to  publish  committee  reports 
on  nomenclature,  with  definitions  of  terms  in  frequent  use  but  often 
misused. 

Papers  from  the  Regional  Section  Meetings  and  the  Meeting-in- 
Print  are  being  received  and  will  be  published  as  promptly  as  possible. 
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DETERMINATION  OF  CHLORATE  IN  CAUSTIC 

SODA  SOLUTIONS 


By  Reduction  with  Ferrous  Sulfate 


DWIGHT  WILLIAMS 

Research  Department,  Westvaco  Chlorine  Products  Corporation,  South  Charleston,  W.  Va. 


The  chlorate  content  of  cell  liquor  from  chlorine-caustic  soda  cells 
and  of  commercial  50%  caustic  soda  is  determined  by  reduction 
with  excess  ferrous  sulfate  in  a  sulfuric  acid  solution.  The  excess 
ferrous  sulfate  is  titrated  with  potassium  dichromate  using  diphenyl- 
amine  sulfonic  acid  as  indicator.  The  method  is  free  from  constant 
errors.  The  limit  of  uncertainty  of  the  method  under  the  best 
conditions  (LU,)  is  =*=0.0023%  sodium  chlorate  for  a  sample  of 
50%  caustic  soda  analyzing  0.067%.  The  limit  of  uncertainty  for 
the  same  sample  under  routine  conditions  (LU2)  is  =*=0.0046% 
and  the  average  analysis  was  also  0.067%. 

SODIUM  chlorate  is  an  important  impurity  in  electrolytic 
caustic  soda  and,  as  a  result,  several  methods  have  been  de¬ 
veloped  for  its  determination  in  caustic  soda  solutions.  The 
relatively  large  amounts  of  chlorate  which  are  found  in  chlorine- 
caustic  soda  cell  liquor  and  in  commercial-grade  50%  caustic 
soda  are  determined  by  reduction  with  ferrous  sulfate.  How¬ 
ever,  the  precision  of  this  method  is  such  that  it  does  not  give 
useful  results  at  the  low  concentrations  which  occur  in  high- 
pur.ty,  rayon-grade  caustic  soda.  Chlorate  in  the  latter  is  de¬ 
termined  iodometrically,  or  colorimetrically  by  means  of  o- 
tolidine.  This  paper  describes  the  determination  of  chlorate  by 
reduction  with  ferrous  sulfate  and  the  two  following  papers  de¬ 
scribe  the  iodometric  and  colorimetric  methods,  respectively. 
The  ferrous  sulfate  reduction  method  gives  useful  results  at  con¬ 
centrations  down  to  about  0.01%.  The  iodometric  and  colori¬ 
metric  methods  are  applicable  at  concentrations  of  only  2  or  3 
parts  per  million. 

Boyle  et  al.  ( 1 )  recently  described  the  determination  of  chlo¬ 
rate  in  chlorine-caustic  soda  cell  liquor  by  reduction  with  excess 
ferrous  sulfate  in  relatively  concentrated  hydrochloric  acid  using 
ammonium  molybdate  as  a  catalyst.  The  ferrous  sulfate  reduc¬ 
tion  method  which  is  used  in  this  plant  is  somewhat  different  from 
that  described  by  Boyle  and  his  co-workers.  The  reduction  is 
■arried  out  either  in  sulfuric  acid  solution  or  in  a  mixture  of  sul¬ 
furic  acid  and  phosphoric  acid,  and  no  catalyst  is  used. 

As  would  be  expected,  the  time  required  to  complete  the  reduc¬ 
tion  depends  upon  the  acid  concentration,  the  ferrous  sulfate  con- 
:entration,  the  chloride-ion  concentration,  and  the  temperature. 
The  effect  of  these  factors  has  been  evaluated  and,  from  the  re¬ 
sulting  experimental  data,  conditions  have  been  chosen  which 
aermit  analyses  to  be  made  with  the  minimum  number  of  manipu- 
ations  and  hence  the  minimum  operating  time.  The  number  of 


reagents  has  been  reduced  to  a  minimum  and  conditions  have 
been  chosen  so  that,  with  the  exception  of  standard  solutions,  the 
measurement  of  the  exact  volume  of  reagent  is  not  required.  A 
large  number  of  samples  of  cell  liquor,  30  or  more,  are  commonly 
analyzed  at  one  time.  The  sample  bottles  and  reaction  flasks  are 
arranged  in  several  rows,  one  in  front  of  the  other,  to  permit  their 
orderly  manipulation.  Reagents  are  dispensed  with  pipets  which 
have  been  cut  off  just  below  the  bulb,  so  that  they  can  be  dis¬ 
charged  in  1  or  2  seconds  and  fill  automatically  when  returned 
to  the  reagent  bottle.  An  experienced  analyst  can  analyze  150 
samples  of  chlorine-caustic  soda  cell  liquor  per  8-hour  day,  in¬ 
cluding  making  all  calculations  and  washing  all  glassware.  This 
amounts  to  about  3  minutes  per  analysis. 

The  method  has  been  applied  to  the  determination  of  chlorates 
in  commercial  50%  caustic  soda.  A  somewhat  longer  time  is  re¬ 
quired  to  make  this  analysis,  since  the  sample  must  be  weighed. 


REAGENTS 

Potassium  dichromate,  0.1  N. 

Ferrous  sulfate  or  ferrous  ammonium  sulfate,  0.1  A7  in  4  Ar  sul¬ 
furic  acid. 

Sulfuric  acid,  12  N. 

Phosphoric  acid,  1  to  1. 

Diphenylamine  sulfonic  acid,  0.01  M . 


PROCEDURE 

Caustic  Soda,  50%.  Take  a  5-gram  sample  of  50%  caustic 
soda  for  analysis  and  dilute  with  25  ml.  of  water.  Add  20  to  25 
ml.  of  1  to  1  phosphoric  acid  and  swirl  to  mix.  Add  10  ml.  of  0.1 
N  ferrous  sulfate  and  45  to  50  ml.  of  12  N  sulfuric  acid.  Allow 
to  stand  10  minutes  or  longer.  Add  approximately  0.5  ml.  of 
0.01  M  diphenylamine  sulfonic  acid  and  titrate  the  excess  fer¬ 
rous  sulfate  with  0.1  iV  potassium  dichromate  solution.  The 
end  point  should  be  taken  when  the  maximum  purple  color  de¬ 
velops. 

Normally  10  ml.  of  0.1  N  ferrous  sulfate  are  sufficient  to  com¬ 
plete  the  reduction  in  10  minutes.  However,  if  less  than  5  ml. 
of  potassium  dichromate  is  required  for  the  titration  the  analysis 
must  be  repeated  using  a  larger  amount  of  ferrous  sulfate. 

Standardize  the  ferrous  sulfate  each  time  it  is  used.  Use  the 
same  amount  of  ferrous  sulfate,  phosphoric  acid,  sulfuric  acid, 
and  diphenylamine  sulfonic  acid  for  the  standardization  as  for 
the  sample. 


(Ml.  of  K>Cr207  standard  —  ml.  of  K2Cr20j  sample)  X 
_ A  K2Cr2Q7  X  1.774 _ 

grams  of  sample 


%  NaCICb 
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Cell  Liquor.  Measure  25  ml.  of  the  sample  for  analysis, 
add  20  to  25  ml.  of  1  to  1  phosphoric  acid,  25  ml.  of  0.1  TV  ferrous 
sulfate,  and  20  to  25  ml.  of  12  TV  sulfuric  acid,  and  allow  to  stand 
5  minutes  or  longer.  Titrate  the  excess  ferrous  sulfate  in  the  same 
manner  as  for  50%  caustic  soda.  Standardize  the  ferrous  sulfate, 
using  the  same  amounts  of  reagents  and  the  same  conditions  as 
in  titrating  the  sample. 

(Ml.  of  K2Cr207  standard  —  ml.  of  E^Cr-Cb  sample)  X 
_ iVKzCrzCh  X  17.74 _  _ 

ml.  of  sample 

grams  per  liter  of  NaC103 

EXPERIMENTAL 

The  sodium  hydroxide  used  for  experimental  work  was  pre¬ 
pared  by  dissolving  c.p.  sodium  hydroxide  pellets  in  water. 
Weighed  portions  of  a  50%  solution  or  pipetted  portions  of  a  100- 
gram-per-liter  solution  were  used  for  experimental  purposes. 
Synthetic  cell  liquor  was  prepared  by  dissolving  100  grams  of 
c.p.  sodium  hydroxide  pellets  and  150  grams  of  c.p.  sodium  chloride 
in  sufficient  water  to  make  1  liter  of  solution.  Measured  volumes 
of  a  standard  solution  of  c.p.  sodium  chlorate  (or  the  equivalent 
amount  of  c.p.  potassium  chlorate)  were  pipetted  into  each  por¬ 
tion  of  sodium  hydroxide  solution  or  cell  liquor  prior  to  analysis. 

The  minimum  sulfuric  acid  concentration  required  to  reduce 
chlorates  quantitatively  in  caustic  soda  at  the  boiling  point  was 
determined  as  follows: 

To  7.5-gram  portions  of  50%  sodium  hydroxide  were  added 
29.2-mg.  portions  of  sodium  chlorate.  Sulfuric  acid  was  added 
followed  by  25  ml.  of  approximately  0.1  TV  (0.52-milliequivalent. 
excess)  ferrous  sulfate.  The  solutions,  which  had  a  volume  of 
about  100  ml.  at  this  point,  were  boiled  for  5  minutes,  then  cooled 
rapidly  in  a  stream  of  water,  and  the  excess  ferrous  sulfate  was 
titrated.  A  minimum  acid  concentration  of  1  TV  is  required  for 
quantitative  recovery  of  chlorate  under  these  conditions  (Figure 
1,  curve  1). 
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Figure  2.  Time  Required  for  Quantitative  Recovery  of 
Chlorate 


can  be  analyzed.  In  the  following  tests  only  0.5-milliequivaleni 
excess  of  ferrous  sulfate  was  used.  In  these  tests  the  time  requirec 
to  effect  quantitative  recovery  of  chlorate  at  fixed  acid  concen¬ 
trations  was  determined. 

To  25  ml.  of  100-gram-per-liter  sodium  hydroxide  were  added 
5  ml.  of  a  solution  containing  6.2  mg.  of  sodium  chlorate.  Then 
were  then  added  50  ml.  of  12  TV  sulfuric  acid  followed  by  8.5  ml 
of  0.1  iV ‘ferrous  sulfate  (in  4  TV  sulfuric  acid).  The  sulfuric  acic 
concentration  at  this  point  was  6.5  TV.  The  excess  ferrous  sul¬ 
fate  was  titrated  after  a  measured  time  with  potassium  dichro¬ 
mate.  Reduction  was  complete  after  10  minutes  (Figure  2 
curve  1). 

This  experiment  was  repeated  using  50-ml.  portions  of  the 
100-gram-per-liter  sodium  hydroxide;  the  sulfuric  acid  concen¬ 
tration  was  4.5  TV.  The  maximum  recovery  was  obtained  aftei 
25  minutes  (Figure  2,  curve  2). 
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Figure  1 .  Effect  of  Sulfuric  Acid  Concentration  on  Recovery 
of  Chlorate 


Where  a  large  number  of  samples  must  be  analyzed  time  can 
be  saved  by  carrying  out  the  reduction  at  room  temperature 
rather  than  at  the  boiling  point.  Consequently,  the  following 
experiments  were  performed  to  determine  the  minimum  sulfuric 
acid  concentration  required  to  reduce  chlorate  without  heating. 

To  25-ml.  portions  of  100-gram-per-liter  sodium  hydroxide 
were  added  6.2-mg.  portions  of  sodium  chlorate.  Water  was 
added  to  give  a  volume  of  100  ml.  after  addition  of  the  ferrous 
sulfate  solution.  Sulfuric  acid  was  added  followed  by  2.2-milli- 
equivalent  excess  of  ferrous  sulfate.  The  excess  ferrous  sulfate 
was  titrated  after  5  minutes.  A  minimum  sulfuric  acid  concen¬ 
tration  of  4.5  TV  was  required  for  quantitative  reduction  (Figure  1, 
curve  3). 

In  practice  it  is  desirable  to  carry  out  the  reduction  with  the 
minimum  excess  of  ferrous  sulfate.  The  use  of  a  minimum  excess 
of  ferrous  sulfate  increases  the  flexibility  of  the  method  as  re¬ 
gards  the  range  of  sample  sizes  and  chlorate  concentrations  that 


In  the  above  experiments,  the  phosphoric  acid,  which  is  re¬ 
quired  for  the  titration  of  ferrous  ion  with  dichromate  when  using 
diphenylamine  sulfonic  acid  as  indicator,  was  added  just  before 
making  the  titration.  It  was  thought  that  the  addition  of  phos¬ 
phoric  acid  prior  to  reduction  might  increase  the  rate  of  reaction. 
This  possibility  was  tested  by  repeating  the  previous  test,  except 
that  the  sample  was  acidified  with  25  ml.  of  1  to  1  phosphoric  acid, 
after  which  the  ferrous  sulfate  and  sulfuric  acid  were  added  in 
that  order  and  in  the  same  amounts  as  before.  Since  the  total 
volume  was  25  ml.  greater  than  in  the  preceding  test  and  the 
amount  of  excess  sulfuric  acid  the  same,  the  sulfuric  acid  concen¬ 
tration  was  only  3.7  TV.  Equilibrium  was  established  after  20 
minutes  (Figure  2,  curve  3). 

From  the  above  it  is  seen  that  chlorate  is  quantitatively  re¬ 
duced  in  5  minutes  in  4.5  TV  sulfuric  acid  by  using  2.2-milliequiva- 
lent  excess  of  ferrous  sulfate.  Reducing  the  excess  ferrous  sul¬ 
fate  to  0.5  milliequi valent  increases  to  25  minutes  the  time  re¬ 
quired  to  complete  the  reaction.  The  reaction  can  be  completed 
at  the  lower  excess  of  ferrous  sulfate  in  10  minutes  by  increasing 
the  acid  concentration  to  6.5  TV.  Phosphoric  acid  increases  the 
reaction  rate  slightly  for  given  amounts  of  sulfuric  acid  and  ex¬ 
cess  ferrous  sulfate  in  spite  of  the  dilution  of  the  solution  with  the 
phosphoric  acid. 

From  Figure  2  it  is  seen  that  there  is  a  tendency  to  obtain  some¬ 
what  higher  recoveries  when  the  sulfuric  acid  is  added  after  the 
addition  of  ferrous  sulfate.  While  the  variations  are  only 
slightly  outside  the  precision  of  the  method  as  given  in  Table  II, 
a  similar  tendency  was  observed  in  other  experiments  in  which 
the  time  of  reduction  and  sulfuric  acid  concentration  were  con¬ 
trolled  to  give  quantitative  recovery,  and  the  amount  of  chlorate 
was  varied.  The  difference  may  be  due,  at  least  in  part,  to  the 
loss  of  some  chlorate  by  decomposition  when  the  sulfuric  acid  is 
added  prior  to  the  addition  of  ferrous  sulfate. 

Similar,  although  less  detailed,  studies  were  made  on  cell 
liquor.  The  minimum  sulfuric  acid  concentration  required  to 
effect  quantitative  reduction  of  chlorate  in  cell  liquor  was  deter¬ 
mined  in  the  same  manner  as  for  sodium  hydroxide.  A  minimum 
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Taken 

Table  1.  Range  and  Accuracy 

Found 

Error 

0.00 

Milligrams  of  NaClOi 

0.00 

0.00 

1.25 

1.30 

+  0.05 

2.00 

2.02 

+  0.02 

2.50 

2.52 

+  0.02 

3.00 

3.04 

+  0.04 

3.75 

3.79 

+  0.04 

12.50 

12.46 

-0.04 

Table  II.  Precision  under  Best  Conditions 

NaClOi  Found. 

Deviation. 

Teat  No. 

% 

% 

1 

0.067 

0.000 

2 

0.066 

-0.001 

3 

0.066 

-0.001 

4 

0.067 

0.000 

5 

0.067 

0.000 

6 

0.068 

+0.001 

7 

0.066 

-0.001 

8 

0.067  ' 

0.000 

9 

0.067 

0.000 

10 

Av. 

Standard  deviation  of  group 
Standard  deviation  of  infinite  group 
LUi  of  method 

0.066 

0.067 

±0.00071 

±0.00076 

±0.0023 

-0.001 

sulfuric  acid  concentration  of  3.5  N  was  required  for  quantitative 
reduction  in  5  minutes  when  using  2.2-milliequivalent  excess  of 
ferrous  sulfate  (Figure  1,  curve  2).  Thus,  the  presence  of  the 
chloride  ion  reduces  somewhat  the  acid  concentration  required 
to  give  a  fixed  rate  of  reduction.  It  was  found  that  2.2-milli¬ 
equivalent  excess  of  ferrous  sulfate  gave  quantitative  reduction 
in  less  than  1  minute  if  the  sulfuric  acid  concentration  was  in¬ 
creased  to  6.3  N.  Reduction  required  5  minutes  for  completion 
at  this  higher  acid  concentration  when  the  excess  of  ferrous  sul¬ 
fate  was  reduced  to  0.7  milliequivalent. 

In  practice  the  phosphoric  acid,  ferrous  sulfate,  and  sulfuric 


acid  are  added  in  rapid  succession  in  that  order.  This  sample  is 
allowed  to  stand  while  these  reagents  are  added  to  all  of  a  series 
of  20  to  30  samples  before  titrating  the  excess  ferrous  sulfate. 

The  range  and  accuracy  of  the  method  were  determined  as 
follows: 

To  25-ml.  portions  of  1 00-gram -per-liter  sodium  hydroxide  were 
added  measured  volumes  of  sodium  chlorate  solution.  There 
were  then  added  25  ml.  of  1  to  1  phosphoric  acid,  25  ml.  of  0.1  N 
ferrous  sulfate,  and  50  ml.  of  12  N  sulfuric  acid  in  that  order. 
The  excess  ferrous  sulfate  was  titrated  after  10  minutes  or  longer. 
The  maximum  error  observed  in  the  range  pp  to  12.50  mg.  of  so¬ 
dium  chlorate  is  0.05  mg.  (Table  I).  When  calculated  on  the 
basis  of  a  5-gram  sample  of  50%  sodium  hydroxide  this  is  equiva¬ 
lent  to  a  range  of  0.25%  and  a  maximum  error  of  0.001%. 
This  error  is  well  within  the  precision  of  the  method  as  given  in 
Table  II  and  indicates  that  the  method  is  free  from  constant 
errors. 

The  precision  of  the  recommended  method  was  determined  by 
making  replicate  analyses  of  a  sample  of  commercial  50%  caustic 
soda  according  to  the  procedure  outlined  by  Moran  (2).  The 
limit  of  uncertainty  under  the  best  conditions  ( LUi )  was 
±0.0023%  for  a  sample  analyzing  0.067%  (Table  II).  The  limit 
of  uncertainty  under  routine  conditions  was  calculated  from  24 
analyses  made  by  seven  analysts  over  a  12-month  period.  The 
average  value  and  precision  under  these  conditions  were  0.067  ± 
0.0046%. 
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An  lodometric  Method 

DWIGHT  WILLIAMS  and  C.  C.  MEEKER 


Commercial  rayon-grade  50%  caustic  soda,  which  contains  only  a 
few  parts  per  million  of  chlorate,  is  analyzed  by  boiling  the  acidi¬ 
fied  sample  in  the  presence  of  the  iodide  ion,  collecting  the  dis¬ 
tilled  iodine  in  a  dilute  solution  of  potassium  iodide,  and  titrat¬ 
ing  with  sodium  thiosulfate  solution.  The  error  due  to  the  oxi¬ 
dation  of  the  iodide  ion  by  air  on  boiling  the  acidified  solution  is 
reduced  to  a  minimum  by  keeping  the  concentration  of  both  the 
iodide  ion  and  the  hydrogen  ion  at  a  minimum.  The  interference  of 
iron  is  stoichiometric,  permitting  a  correction  for  this  impurity. 
A  constant  correction  is  applied  for  manganese.  The  recom¬ 
mended  method  is  subject  to  a  constant  error  of  —4%  of  the  amount 
of  chlorate  present,  necessitating  the  use  of  an  empirical  factor. 
The  limit  of  uncertainty  of  the  method  under  the  best  conditions 
.Llf,)  is  ±0.46  p.p.m.  of  sodium  chlorate  for  a  sample  analyzing 
7.60  p.p.m. 

ALOW  concentration  of  sodium  chlorate  is  desired  in  caustic 
soda  which  is  to  be  used  in  the  manufacture  of  rayon. 
Reduction  with  ferrous  sulfate  as  described  in  the  preceding 
Daper  ( 1 )  is  not  sufficiently  sensitive  for  this  application.  After 
:onsideration  of  other  methods  it  was  decided  to  investigate  an 
odometric  procedure.  The  reaction  between  hydrochloric  acid 
md  chloric  acid  was  tested  first  but  was  found  to'  be  too  slow. 
The  reaction  between  hydrobromic  acid  and  chloric  acid  was 
ittle  better,  but  that  between  hydriodic  acid  and  chloric  acid  at 
;he  boiling  point  proved  to  be  sufficiently  rapid. 


The  oxidation  of  hydriodic  acid  by  the  air  proved  to  be  a  serious 
source  of  error,  which  was  not  eliminated  by  sweeping  the  air  out 
with  an  inert  gas.  However,  it  was  reduced  to  a  minimum  by  re¬ 
ducing  the  concentrations  of  the  hydrogen  and  iodide  ions  to  a 
minimum.  The  conditions  which  were  chosen  for  the  analysis 
were  those  giving  the  best  precision,  but  they  resulted  in  a  con¬ 
stant  error  of  —4%  of  the  amount  of  chlorate  present.  This 
constant  error  can  be  eliminated  by  increasing  the  concentration 
of  the  iodide  ion  but  this  also  results  in  larger  blanks  and  poorer 
precision. 

Sodium  hydroxide  readily  dissolves  many  compounds  which 
reduce  chlorate  and  prevent  its  quantitative  recovery.  Contact 
with  rubber  stoppers  was  found  to  be  an  especially  serious  source 
of  error.  Storage  of  samples  in  bottles  closed  with  screw  caps 
with  which  the  sodium  hydroxide  does  not  react  is  recommended. 

REAGENTS 

Potassium  iodide,  50  grams  per  liter.  Dissolve  50  grams  of 
of  U.S.P.  or  c.p.  potassium  iodide  in  sufficient  water  to  make  1 
liter  of  solution.  If  a  yellow  color  develops,  add  0.01  N  sodium 
thiosulfate  solution  dropwise  until  colorless. 

Starch  solution,  10  grams  per  liter.  Store  in  sterile  bottles  or 
prepare  fresh  daily. 

Hydrochloric  acid,  c.p.,  specific  gravity  1.19. 

Sodium  thiosulfate,  0.01  N,  containing  0.4  gram  per  liter  of  so¬ 
dium  carbonate. 

Lubricant.  All  ground-glass  joints  and  stopcocks  are  lubri- 
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cated  with  pure  white  Vaseline,  Dow-Corning  stopcock  grease,  or 
other  lubricant  which  has  been  shown  to  cause  no  error  in  the 
analysis. 


PROCEDURE 

Samples  of  caustic  soda  which  are  to  be  used  for  this  analysis 
must  not  be  collected  or  stored  in  rubber-stoppered  bottles. 
Harshaw  Scientific,  Cincinnati,  Ohio,  No-Sol-Vit  screw-capped 
bottles  are  satisfactory  for  storage  of  samples. 

Set  up  the  apparatus  shown  in  Figure  1.  Weigh  25  *  0.3 
grams  of  50%  caustic  soda  into  the  reaction  flask.  Add  1  ml.  of 
50-gram-per-liter  potassium  iodide  solution,  50  ml.  of  water,  and 
one  or  two  glass  beads  to  prevent  bumping.  Connect  the  reaction 
flask  to  the  dropping  funnel.  Introduce  50  ml.  of  50-gram-per- 
liter  potassium  iodide  solution  and  5  ml.  of  starch  solution  into 
the  receiver.  Support  the  receiver  on  a  wooden  block  so  as  to 
make  a  liquid  seal  at  the  outlet  of  the  condenser.  Introduce  32 
ml.  (5-ml.  excess)  of  hydrochloric  acid,  specific  gravity  1.19,  into 
the  separatory  funnel.  Open  the  stopcock  to  allow  the  acid  to 
run  into  the  reaction  flask.  Close  the  stopcock  and  fight  the 
burner.  Adjust  the  flame  so  that  the  solution  boils  vigorously. 
Titrate  the  iodine  as  it  is  liberated  with  0.01  N  sodium  thiosulfate 
solution.  Continue  boiling  until  no  more  iodine  is  liberated 
during  a  2-minute  interval.  The  total  boiling  time  will  be  about 
5  minutes  if  boiling  is  vigorous. 

Prepare  a  reagent  blank  by  introducing  100  ml.  of  water,  1  ml. 
of  potassium  iodide  solution,  and  one  or  two  glass  beads  into,  the 
reactor.  Acidify  with  5  ml.  of  hydrochloric  acid  and  distill  into 
a  mixture  of  50  ml.  of  potassium  iodide  solution  and  5  ml.  of 
starch  solution.  The  iodine  distills  more  slowdy  in  this  case  and 
the  distillation  should  be  continued  until  half  of  the  wrater  dis¬ 
tills  over. 

After  each  analysis  rinse  the  reactor  with  water,  wipe  the 
ground-glass  surfaces  clean,  and  apply  fresh  lubricant. 

(Ml.  of  Na^SoOs  sample  —  ml.  of  Na2S203  blank)  N  Na2S203  X 
_  17,700  X  1.04 _  = 

grams  of  sample 

apparent  p.p.m.  of  NaC103 

Corrections  must  be  applied  for  iron  and  manganese.  A  con¬ 
stant  correction  of  0.2  p.p.m.  is  applied  for  manganese.  The  iron 
content  is  determined  colorimetrically  by  the  o-phenanthrofine 
method. 

Apparent  p.p.m.  of  NaC103_  (0.318  X  p.p.m.  of  Fe  +  0.2)  = 

p.p.m.  of  NaC103 


Table  I.  Effect  of  Concentration  of  Potassium  Iodide,  Hydrochloric 
Acid,  and  Gas  Sweep  on  Blank 


Gas  Sweep 

KI 

HC1 

NaClC>3  Found 

Grams 

Milliequivalents 

Micrograms 

Yes 

0.25 

12 

10 

Yes 

0.25 

60 

10 

Yes 

0.25 

240 

80 

Yes 

0.25 

480 

200 

Yes 

0.25 

300 

70 

Yes 

1.25 

300 

240 

Yes 

2.5 

300 

570 

Yes 

5.0 

300 

500 

No 

0.02 

60 

0 

No 

0.05 

60 

0 

No 

0.10 

60 

10 

No 

0.25 

60 

20 

No 

0.40 

60 

40 

EXPERIMENTAL 

In  the  initial  experiments  large  excesses  of  hydrochloric  acid 
and  potassium  iodide  were  used.  High  and  erratic  blanks  were 
obtained  under  these  conditions,  owing  to  the  reaction  of  the 
acidified  iodide  solution  with  the  oxygen  of  the  air.  An  attempt 
was  made  to  exclude  air  by  adding  sodium  carbonate  to  the  sample 
prior  to  acidification.  When  sodium  carbonate  was  added  in 
sufficient  quantities  so  that  the  resulting  carbon  dioxide  swept 
all  the  air  from  the  flask,  recoveries  of  sodium  chlorate  were  low, 
apparently  because  iodine  was  swept  through  the  system  by  the 
carbon  dioxide  without  coming  in  contact  with  the  potassium 
iodide  solution  in  the  receiver. 

Sweeping  the  reaction  flask  with  natural  gas  prior  to  acidifying 


with  hydrochloric  acid  was  tried  unsuccessfully  as  a  means  of  pre¬ 
venting  oxidation  by  air.  Consistently  low  blanks  were  finally 
obtained  by  reducing  the  excesses  of  potassium  iodide  and  hydro¬ 
chloric  acid  to  minimum  values,  as  was  shown  by  the  following 
experiments: 

A  measured  volume  of  potassium  iodide  solution  was  intro¬ 
duced  into  the  reaction  flask  and  diluted  to  about  200  ml.  Nat¬ 
ural  gas  was  then  forced  into  the  train  through  a  tube  which 
passed  through  a  rubber  stopper  fitted  to  the  top  of  the  separatory 
funnel.  The  gas  bubbled  through  the  solution  in  the  reactor 
and  escaped  by  bubblifig  through  the  water  seal  in  the  receiver 
(Figure  1).  Gas  was  passed  through  the  system  for  5  minutes  at 
a  rate  of  300  ml.  per  minute.  The  total  volume  of  gas  was  suffi¬ 
cient  to  displace  all  the  air  in  the  system  ten  to  fifteen  times.  A 
measured  volume  of  hydrochloric  acid  was  then  introduced 
through  the  separatory  funnel  and  the  analysis  was  completed  as 
described  above.  In  another  series  of  tests  the  gas  sweep  was 
omitted. 

The  data  in  Table  I  show  that  high  blanks  are  obtained  regard¬ 
less  of  the  gas  sweep  if  the  concentration  of  the  hydrogen  or  iodide 
ion  is  high.  The  blank  may  be  reduced  to  a  negligible  value — 
the  results  are  reported  only  to  the  nearest  10  micrograms — by 
keeping  the  concentrations  of  hydrogen  and  iodide  ions  low,  even 
though  the  gas  sweep  is  omitted.  The  use  of  0.05  gram  of  potas¬ 
sium  iodide  (1  ml.  of  50-gram-per-liter  solution)  and  60  milfi- 
equivalents  of  hydrochloric  acid  (5  ml.,  specific  gravity  1.19)  gave 
no  detectable  blank. 

Any  iron  which  is  present  in  sodium  hydroxide  may  be  as¬ 
sumed  to  be  present  in  the  ferric  state  at  the  time  of  analysis, 
since  ferrous  iron  is  rapidly  oxidized  to  ferric  iron  in  this  medium. 
The  effect  of  ferric  iron  was  determined  as  follows: 

To  25-gram  portions  of  50%  sodium  hydroxide  were  added 
measured  quantities  of  w'ater  solutions  of  c.p.  sodium  chlorate 
and  c.p.  ferric  chloride.  These  mixtures  were  analyzed  by  the 
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Figure  2.  Effect  of  Manganese  and  Ferric  Iron  on  Recovery 
of  Chlorate 


recommended  procedure  described  previously.  The  apparent  so¬ 
dium  chlorate  content  with  no  iron  added  was  subtracted  from  that 
which  was  found  when  iron  was  added.  The  difference  is  the 
chlorate  equivalent  of  the  iron  and  was  plotted  against  the 
amount  of  ferric  ion  added  (Figure  2,  curve  1).  The  slope  of  this 
curve  is  0.328  p.p.m.  of  sodium  chlorate  per  p.p.m.  of  iron.  This 
agrees  with  the  theoretical  slope  of  0.318  within  the  precision  of 
the  data. 

The  effect  of  manganese  was  determined  in  a  similar  manner. 
The  observed  slope  is  0.390  while  theory  predicts  a  slope  of  0  310 
tor  a  valence  change  from  3  to  2  (Figure  2,  curve  2).  Thus,  the 
valence  change  for  manganese  appears  to  be  slightly  greater 
.an  from  3  to  2.  Experience  indicates  that  a  constant  correc¬ 
tion  of  0.2  p.p.m.  of  sodium  chlorate  can  be  applied  for  the  man- 
•anese  content  of  rayon-grade  sodium  hydroxide.  Where  the 
manganese  content  is  unknown,  it  may  be  determined  by  the 
nethod  of  Williams  and  Andes  (2). 

Ammonia  is  known  to  react  with  free  halogen  under  certain 
-onditions.  Because  ammonia  is  likely  to  be  present  in  caustic 
nda  which  has  been  purified  by  the  liquid  ammonia  extraction 
irocess,  the  effect  of  this  impurity  was  determined.  No  detect- 
ible  error  was  observed  in  the  recovery  of  chlorate  when  0.04% 
>f  ammonia  was  present. 

During  the  course  of  this  work  a  number  of  observations  in- 
licated  that  some  stopcock  lubricants  cause  low  recoveries  of 
hlorates.  To  determine  whether  this  apparent  error  was  in- 
leed  real,  the  magnitude  of  the  possible  error  was  increased  by 
idding  a  2-gram  portion  of  lubricant  to  the  reaction  mixture, 
^ello-grease,  the  laboratory  lubricant  in  use  at  the  time,  caused 
iegative  errors  of  10  to  20  p.p.m.  Petrolatum,  commonly  sold 
inder  the  trade-name  Vaseline,  caused  no  significant  error.  An¬ 
ther  similar  product,  Parma,  manufactured  by  Standard  Oil 
company  of  N.  J.,  was  found  to  cause  no  significant  error.  Dow- 
^orning  stopcock  grease  is  also  without  action.  Another  lubri- 
ant  which  was  found  to  be  without  action  was  a  paste  made  by 
fixing  phosphorus  pentoxide  with  phosphoric  acid.  Any  of  these 
ibricants  is  satisfactory. 

It  is  common  practice  to  take  samples  of  commercial  50% 
austic  soda  in  rubber-stoppered  bottles.  Experimentation 
bowed  that  added  chlorate  could  not  be  recovered  quantita- 
vely  from  sodium  hydroxide  which  had  been  stored  in  contact 
ith  rubber. 

To  determine  the  magnitude  of  this  error,  a  new,  size  4,  gray 
lbber  stopper  was  immersed  in  several  successive  100-ml.  por- 
ons  of  50%  sodium  hydroxide  at  the  boiling  point  for  1-minute 
itervals.  The  bloom  was  removed  from  the  surface  of  the 
;opper  by  the  first  portion  of  sodium  hydroxide.  No  chlorate 
as  recovered  from  the  first  portion  when  32  p.p.m.  were  added 
nd  errors  of  -5  and  -6  p.p.m.  were  observed  on  the  second  and 
iird  portions,  respectively.  The  same  stopper  was  then  im- 
lersed  in  a  fourth  portion  of  boiling  sodium  hydroxide  for  5 


minutes.  The  recovery  of  sodium  chlorate  was  23  p.p.m.  low 
when  32  p.p.m.  were  added  to  this  portion.  Following  this  the 
stopper  was  returned  to  the  fourth  portion  of  sodium  hydroxide 
and  allowed  to  stand  for  16  hours  at  room  temperature.  No 
chlorate  was  recovered  from  this  portion  after  this  treatment .  In 
another  test  a  bottle  of  50%  sodium  hydroxide  was  closed  with  a 
gray  rubber  stopper  which  had  been  treated  with  boiling  50% 
sodium  hydroxide  for  10  minutes,  to  remove  the  bloom.  After 
shaking  for  64  hours  at  room  temperature  to  ensure  contact  be¬ 
tween  the  sodium  hydroxide  and  the  stopper,  the  chlorate  re¬ 
covery  was  6  p.p.m.  low. 

Red  rubber  stoppers  and  neoprene  stoppers,  neither  of  which  are 
covered  with  bloom,  were  treated  with  boiling  sodium  hydroxide 
for  1-minute  intervals.  Recovery  of  chlorate  added  to  these  por¬ 
tions  of  sodium  hydroxide  was  low  by  as  much  as  7  p.p.m.  The 
polystyrene  cap  of  a  No-Sol-Vit  bottle  was  treated  with  boiling 
sodium  hydroxide  for  5  minutes;  the  recovery  of  chlorate  was  2 
p.p.m.  low.  No  error  was  observed  in  the  recovery  of  chlorate 
from  sodium  hydroxide  which  had  been  agitated  for  64  hours  in  a 
No-Sol- Vit  bottle. 

These  data  show  that  gray  rubber  stoppers  must  not  come  in 
contact  with  sodium  hydroxide  which  is  to  be  used  for  the  deter¬ 
mination  of  chlorates,  even  though  the  stoppers  have  been  treated 
to  remove  bloom.  Further,  it  appears  desirable  to  avoid  con¬ 
tact  between  the  sodium  hydroxide  and  any  type  of  rubber 
stopper.  The  only  part  of  a  No-Sol-Vit  bottle  cap  which  comes 
in  contact  with  the  sodium  hydroxide  is  the  wax  liner  and  the 
above  data  show  that  this  liner  has  no  significant  reducing  ac¬ 
tion  under  the  conditions  of  this  analysis. 

The  accuracy  of  the  method  was  determined  using  0.05  and 
0.25  gram  of  potassium  iodide.  The  recovery  at  each  potassium 
iodide  level  was  calculated  by  subtracting  the  apparent  sodium 
chlorate  content  of  the  sodium  hydroxide,  with  no  sodium  chlo¬ 
rate  added,  from  the  total  sodium  chlorate  found.  This  sample 
blank  was  2.8  p.p.m.  for  0.05  gram  of  potassium  iodide  and  3.4 
p.p.m.  for  0.25  gram  of  potassium  iodide.  The  recovery  aver¬ 
aged  96%  of  the  amount  taken  at  the  lower  potassium  iodide 
level.  Accurate  results  may  be  obtained  at  this  potassium  iodide 
level  by  multiplying  by  the  empirical  factor,  1.04.  Results  at 
the  higher  potassium  iodide  level  are  within  the  precision  of  the 
method  (Tables  II  and  III). 


Table  II. 

Range  and  Accuracy  of  Method 

KI 

NaClOs 

Added 

NaClOs 

Recovered 

NaClOj 

Error 

Recovery 

Gram 

P.p.m. 

P.p.m . 

P.p.m . 

% 

0.05 

5.0 

4.9 

-0.1 

98 

0.05 

10.0 

9.6 

-0.4 

96 

0.-05 

20.0 

18.4 

-1.6 

92 

0.05 

40.0 

38.4 

-1.6 

96 

0.05 

60.0 

57.9 

-2.1 

97 

0.25 

1.0 

1.0 

0.0 

100 

0.25 

2.0 

2.3 

+  0.3 

115 

0.25 

4.0 

4.2 

+  0.2 

105 

0.25 

8.0 

7.7 

-0.3 

96 

0.25 

16.0 

16.0 

0.0 

100 

0.25 

32.0 

32.7 

+  0.7 

102 

0.25 

64.0 

63.8 

-0.2 

100 

Table  III. 

Precision  of  Method 

0.05 
Gram  of 
KI, 

0.25  Gram  of  KI 

No. 

Total 

Total 

Reagent 

Net 

Found0 

found 

blank 

found 

i 

7.5 

Parts  per  Million 

9.0  0.9 

8.1 

2 

7.8 

9.4 

1.6 

7.8 

3 

7.8 

9.3 

2.1 

7.2 

4 

8.0 

9.2 

1.6 

7.6 

5 

8.0 

9.0 

2.0 

7.0 

6 

8. 1 

9.5 

1.8 

7.7 

7 

8.0 

9.5 

1.3 

8.2 

8 

7.8 

9,5 

0.9 

*8.6 

9 

7.9 

8.7 

1.3 

7.4 

10 

8.0 

8.7 

1.7 

7.0 

Av. 

7.90 

9..  18 

1.52 

7.66 

Standard  deviation  of  group 

±0.14 

±0.30 

±0.40 

±0.51 

LU  of  method 

±0.46 

±0.98 

±1.28 

±1.64 

°  Reagent  blank  0.0  p.p.m. 
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The  precision  of  the  method  was  determined  by  making  10 
analyses  at  each  potassium  iodide  level.  No  correction  was 
made  for  the  iron  on  manganese  contents  of  the  sodium  hydroxide 
which  was  used  for  the  determination  of  the  precision.  Thus,  the 
results  represent  the  precision  of  the  determination  of  the  total 
oxidizing  power  of  the  sodium  hydroxide,  calculated  as  sodium 
chlorate.  The  reagent  blank  was  equivalent  to  0.0  p.p.m.  of 
sodium  chlorate  at  the  lower  potassium  iodide  level.  Thus,  the 
total  chlorate  found  at  this  level  is  also  the  net  chlorate  found. 
The  limit  of  uncertainty  ( LU )  was  ±0.46  p.p.m.  and  the  average 
analysis,  after  multiplying  by  the  empirical  factor  1.04,  was  7.90 
p.p.m.  Since  a  sustantial  blank  titration  was  expected  at  the 
higher  potassium  iodide  level,  a  blank  was  run  on  the  reagents 
after  completing  each  analysis  and  the  net  chlorate  was  calcu¬ 
lated  by  subtracting  the  corresponding  blank  from  the  sample 
titration.  The  limit  of  uncertainty  obtained  in  this  manner  was 
±1.64  p.p.m.  and  the  average  analysis  7.66  p.p.m.  This  aver¬ 
age  analysis,  while  slightly  lower  than  that  which  was  obtained 
when  using  only  0.05  gram  of  potassium  iodide,  agrees  with  the 
latter  within  the  precision  of  the  method.  The  precision  at  this 
potassium  iodide  level  was  calculated  for  the  total  chlorate  and 


for  the  blank,  as  well  as  for  the  total  minus  the  blank,  or  net 
chlorate.  The  precision  observed  for  the  blank  was  somewhat 
poorer  than  for  the  total  chlorate  found,  the  LU  values  being 
±1.28  and  ±0.98,  respectively  (Table  III).  It  is  thus  evident 
that  the  decrease  in  precision  when  the  larger  amount  of  potas¬ 
sium  iodide  is  used  is  associated  with  the  higher  blank.  The  use 
of  0.05  gram  (1  ml.  of  50-gram-per-liter  solution)  of  potassium 
iodide  is  recommended  to  provide  the  highest  precision.  The 
slightly  low  recovery  which  is  obtained  under  this  condition  is 
compensated  for  by  the  use  of  the  empirical  factor. 
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A  Colorimetric  Method 

DWIGHT  WILLIAMS  and  GEORGE  S.  HAINES 


The  use  of  o-tolidine,  the  conventional  reagent  for  determining 
free  chlorine,  has  been  applied  to  the  determination  of  small  amounts 
of  chlorates  in  caustic  soda.  A  stable  yellow  color  is  formed  in  a 
strongly  acid  solution,  permitting  the  colorimetric  determination  of 
as  much  as  300  micrograms  of  sodium  chlorate  in  a  10-gram  sample 
of  50%  sodium  hydroxide.  A  single  determination  requires 
about  15  minutes,  but  ten  determinations  can  be  made  in  80  minutes 
or  less.  The  limit  of  uncertainty  under  the  best  conditions  (LUi) 
was  found  to  be  ±0.20  p.p.m.  in  a  sample  containing  5.00  p.p.m. 
of  sodium  chlorate.  Iron  and  manganese  cause  positive  errors 
proportional  to  their  concentration,  permitting  corrections  for  these 
impurities. 

THE  iodometric  determination  of  low  concentrations  of 
chlorate  in  high-purity,  rayon-grade  caustic  soda  as  de¬ 
scribed  in  the  preceding  paper  ( 15)  is  only  one  of  a  number  of  re¬ 
actions  which  might  be  utilized  for  carrying  out  this  analysis. 
The  well-known  advantages  of  colorimetric  methods  for  deter¬ 
mining  small  amounts  of  impurities  indicated  the  desirability  of 
investigating  this  type  of  procedure.  One  possible  colorimetric 
method  involves  an  adaptation  of  the  ferrous  sulfate  reduction 
procedure  which  was  described  in  the  first  paper  of  this  series  (74)  • 
Either  the  amount  of  ferric  ion  formed  by  reaction  with  chlorate, 
or  the  excess  ferrous  ion  could  be  measured.  The  latter  procedure 
was  investigated  briefly,  using  the  o-phenanthroline  method  for 
estimation  of  the  excess  ferrous  ion.  Quantitative  reduction  of 
chlorates  with  an  amount  of  iron  which  could  be  estimated  color- 
imetrically  was  obtained  at  room  temperature  in  6  N  hydrochloric 
acid.  However,  since  this  is  a  “by-difference”  method  and  the 
solution  must  be  buffered  prior  to  development  of  the  o-phe¬ 
nanthroline  color,  the  procedure  was  abandoned  in  favor  of  a  more 
direct  procedure. 

A  brief  survey  of  the  literature  indicated  the  paucity  of  colori¬ 
metric  methods  for  the  determination  of  small  amounts  of  chlo¬ 
rate.* 

Snell  (13)  describes  a  method  for  chlorate  based  upon  the  yel¬ 
low  color  produced  by -the  action  of  chlorate  on  thiocyanate  test 
papers,  originally  described  by  Offord  (10).  Although  this 
method  is  indicated  to  be  sensitive,  the  necessity  of  drying  the 
test  papers  and  the  subjective  nature  of  the  measurements  made 
it  appear  unpromising.  Hunt  (5,  6)  reports  that  very  small 


amounts  of  chlorate  may  be  detected  by  measuring  the  time  re¬ 
quired  to  decolorize  a  solution  of  indigo-carmine.  The  nature 
of  the  measurement  in  this  test  does  not  make  it  seem  conducive 
to  good  precision.  Mellor  (9)  describes  colors  obtained  when 
chlorates  react  with  brucine,  resorcein  (sic),  and  indigo. 

Several  colorimetric  methods  have  been  described  which 
utilize  the  colors  developed  when  chlorates  react  with  amines. 
The  colored  compounds  are  oxidation  products  of  amines  and  in 
general  amines  may  be  used  as  reagents  for  chlorates  as  well  as 
for  other  oxidizing  agents.  Lesnicenko  (7)  reports  that  the  re¬ 
action  of  chlorates  with  aniline  may  be  made  the  basis  of  a  sensi¬ 
tive  method.  The  authors  obtained  a  stable  blue  color  with 
aniline  in  hydrochloric  acid  having  a  concentration  of  4.5  N  or 
greater.  A  spectrophotometric  curve  of  the  color  showed  ab¬ 
sorption  below  450  and  above  650  millimicrons,  but  the  method 
did  not  appear  to  be  sufficiently  sensitive  for  their  application. 
Roy  (11)  utilized  the  color  developed  by  the  reaction  of  chlorates 
with  pyridine  in  concentrated  sulfuric  acid.  The  necessity  for  de¬ 
veloping  the  color  in  concentrated  sulfuric  acid  made  the  method 
appear  unpromising  and  experimentation  showed  that  the  color 
could  not  be  developed  in  dilute  sulfuric  acid.  Sa  (12)  reports 
that  chlorate  produces  colors  with  phenyl-/3-naphthylamine,  di-/3- 
naphthylamine,  and  phenyldihydrodibenzacridine  which  will  dis¬ 
tinguish  it  from  nitrates  and  nitrites.  While  these  reagents  were 
not  available  in  this  laboratory  at  the  time  this  work  was  done, 
they  suggested  that  other  amines  be  tried.  Mellor  (9)  describes 
colors  obtained  when  chlorates  react  with  diphenylamine  and  a 
mixture  of  aniline  and  o-tolidine. _  _  ... 

A  solution  of  m-phenylenediamine  in  6  N  hydrochloric  acid  was 
found  to  give  a  faint  pink  color  with  2  micrograms  of  sodium 
chlorate  per  milliliter.  A  similar  solution  of  benzidine  gave  a 
faint  yellow  color  with  as  little  as  0.2  microgram  of  sodium  chlo¬ 
rate  per  milliliter.  It  is  possible  that  either  of  these  reagents 
might  be  made  the  basis  of  a  colorimetric  method. 

o-Tolidine,  although  widely  used  for  the  determination  of  free 
chlorine,  has  apparently  never  been  applied  to  the  quantitative 
determination  of  chlorate.  Ellms  and  Hauser  (1,  2)  report  that 
this  reagent  is  sensitive  to  0.005  p.p.m.  of  free  chlorine,  that  it 
will  react  with  oxidizing  agents  in  general,  and  that  chloride  ion 
does  not  interfere.  These  observations  made  it  appear  very  at¬ 
tractive  for  the  authors’  application,  and  experimentation  indi¬ 
cated  that  it  was  probably  the  most  sensitive  of  the  reagents  which 
were  tested.  The  effect  of  the  hydrochloric  acid  concentration 
on  the  rate  of  color  development  and  on  the  stability  of  the  color 
has  been  determined.  Ellms  and  Hauser  (1,  2)  and  Forsberg  (3) 
report  that  iron  interferes  with  the  determination  of  oxidizing 
agents  using  o-tolidine.  Hopkins  (4)  found  that  manganese 
interferes  and  Mellan  (8)  reported  that  copper  reacts  with  o- 
tolidine.  The  interference  of  iron  and  manganese  was  found  to  be 
proportional  to  the  amount  present  and  copper  did  not  intertere 
under  the  authors’  conditions. 
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A  limited  amount  of  work  was  done  on  the  development  of  the 
o-tolidine  color  in  sulfuric  acid  solution  and  the  use  of  this  medium 
appears  to  offer  a  number  of  advantages  over  hydrochloric  acid. 
However,  the  study  of  the  development  of  the  color  in  a  sulfuric 
acid  solution  was  abandoned  before  conditions  were  found  which 
would  give  reproducible  results. 

REAGENTS  AND  APPARATUS 

o-Tolidine.  Weigh  1.0  gram  of  o-tolidine  (Eastman  Kodak 
Co.  No.  P249)  into  a  small  mortar  and  triturate  with  portions  of  a 
solution  of  100  ml.  of  hydrochloric  acid  (specific  gravity  1.19)  in 
400  ml.  of  water.  Transfer  to  a  1-liter  glass-stoppered  bottle 
and  add  the  remainder  of  the  diluted  acid.  Add  500  ml.  of 
water  to  the  bottle  and  heat  the  solution  with  swirling  until  the 
reagent  is  dissolved.  This  reagent  is  conveniently  dispensed  with 
an  open-end  2-ml.  short-form  pipet. 

Hydrochloric  Acid.  Use  c.p.  concentrated  (specific  gravity 
1.19). 

Sodium  Chlorate,  100  micrograms  per  ml.  Weigh  0.100 
gram  of  c.p.  sodium  chlorate  into  a  1-liter  volumetric  flask,  add 
water  to  dissolve,  dilute  to  mark,  and  mix  well.  Transfer  to  a 
glass-stoppered  bottle. 

Sodium  Hydroxide,  50%.  To  750  ml.  of  water  add  750  grams 
of  c.p.  sodium  hydroxide  pellets  with  stirring  to  dissolve.  Allow 
the  precipitate  to  settle  and  filter  through  a  fine  or  medium  poros¬ 
ity  fritted-glass  Buchner  funnel.  Store  in  an  appropriate  reagent 
bottle,  avoiding  contact  of  caustic  with  rubber  stoppers  or  any 
other  organic  material. 

Pipet,  6.5-ml.  The  10-gram  portions  of  50%  caustic  soda 
can  be  measured  conveniently  by  means  of  open-end  6.5-ml. 
pipets.  These  can  be  readily  made  by  sealing  a  16-cm.  length  of 
6-mm.  outside  diameter  Pyrex  tubing  to  each  end  of  a  5-cm. 
section  of  12-mm.  outside  diameter  tubing.  Taper  one  end 
slightly  to  form  the  tip.  Calibrate  the  pipet  by  clamping  it 
vertically  with  its  tip  firmly  against  a  rubber  stopper.  Introduce 
6.5  ml.  of  water  into  the  top  of  the  pipet  from  a  10-ml.  buret. 


Make  a  temporary  mark  at  the  water  level  on  the  stem  of  the 
pipet  and  repeat  to  check  the  graduation.  Make  a  permanent 
mark  around  the  stem  with  a  file.  The  pipet  is  now  graduated 
to  contain  6.5  ml.  or  about  10  grams  of  50%  sodium  hydroxide. 

PROCEDURE 

The  sample  taken  for  chlorate  analysis  must  be  protected  from 
contact  with  rubber  stoppers  and  any  other  organic  matter,  unless 
it  is  known  to  have  no  deleterious  effect  upon  the  determination. 
The  screw  caps  with  wax  liners  used  on  No-Sol-Vit  reagent 
bottles  (No.  H-5-925,  Harshaw  Scientific,  Cincinnati,  Ohio)  fulfill 
this  specification. 

Take  a  6.5-ml.  portion  of  the  sample,  equal  to  10  grams,  wipe 
off  the  outside  of  the  pipet,  adjust  to  mark,  and  transfer  to  a  250- 
ml.  wide-mouthed  flask.  Blow  out  the  tip  of  the  pipet  into  the 
flask  and  rinse  the  pipet  twice  with  water  by  filling  approxi¬ 
mately  to  the  mark  and  draining  into  the  flask. 

To  the  diluted  sample  having  a  volume  of  about  20  ml.,  add 
2  ml.  of  o-tolidine  reagent.  A  white  precipitate  will  form,  but 
will  dissolve  upon  neutralization.  Swirl  the  sample  to  mix  and 
place  in  a  bath  at  20  °  to  25  °  C.  Neutralize  by  the  dropwise  addi¬ 
tion  of  concentrated  hydrochloric  acid  from  a  50-ml.  buret.  The 
buret  stopcock  should  be  lubricated  with  petrolatum,  which  has 
been  shown  to  have  no  reducing  effect  upon  the  chlorate.  Con¬ 
siderable  heat  will  be  evolved  during  addition  of  the  first  10  ml.  of 
acid,  which  should  be  done  with  vigorous  swirling  over  a  period 
of  2  to  3  minutes  with  the  flask  immersed  in  the  water  bath  main¬ 
tained  at  20®  to  25°  C.  After  dropwise  addition  of  the  first  10 
ml.  of  acid,  add  more  rapidly  from  the  buret  with  swirling  until  a 
total  of  40  ml.  has  been  added.  Allow  the  sample  to  stand  from 
8  to  10  minutes  and  then  dilute  to  100  ml.  in  a  graduate,  mixing 
well  to  dissolve  any  precipitated  salt.  Transfer  the  sample  to  an 
optical  cell.  Measure  the  yellow  color  within  10  minutes  after 
dilution  in  a  photoelectric  colorimeter,  using  distilled  water  as 
the  reference  standard,  and  a  Wratten  C5-47  filter.  Read  the 
sodium  chlorate  to  the  nearest  microgram  from  a  calibration 
curve. 

If  the  sample  is  known  to  contain  more 
than  10  p.p.m.  of  sodium  chlorate,  dilute  the 
10-gram  sample  taken  originally  to  100  ml.  and 
take  for  analysis  a  10-ml.  aliquot,  equivalent 
to  a  1-gram  sample.  To  the  aliquot  add  2.0 
ml.  of  o-tolidine  and  20  ml.  of  water..  Now 
add  30  ml.  of  hydrochloric  acid  rapidly  with 
swirling  in  a  bath  at  20  °  to  25  °  C.  Proceed  as 
above,  beginning  with  the  8-  to  10-minute 
standing  period. 

If  a  large  number  of  samples  are  to  be  ana¬ 
lyzed,  it  is  convenient  to  complete  the  analyses 
in  groups  of  four  or  five.  In  this  manner  the 
samples  can  be  acidified,  allowed  to  stand,  and 
diluted,  and  the  color  read  without  the  last  step 
interfering  with  the  acidification  of  successive 
samples.  For  optimum  speed  in  the  analysis 
two  burets  should  be  available  for  acidification, 
as  two  samples  can  be  conveniently  acidified 
simultaneously. 

To  prepare  the  calibration  curve,  pipet  6.5 
ml.  of  50%  c.p.  sodium  hydroxide  into  each  of 
8  flasks,  rinsing  the  pipet  by  filling  to  the  mark 
twice  with  water.  To  the  flasks  add  0,  5,  10, 
25,  50,  75,  100,  and  150  micrograms  of  sodium 
chlorate  from  the  100-microgram-per-ml.  stand¬ 
ard  solution,  using  a  1.0-ml.  Mohr  pipet.  Pro¬ 
ceed  as  in  the  actual  analysis,  beginning  with 
addition  of  o-tolidine.  Plot  micrograms  of 
sodium  chlorate  against  per  cent  transmittancy. 

Calculation.  The  sodium  chlorate  con¬ 
centration  and  correction  for  iron  and  manga¬ 
nese  are  calculated  as  follows: 

Micrograms  of  NaClOj  from  curve 
grams  of  sample 

(0.03  X  p.p.m.  of  Fe  +  p.p.m.  of  Mn)  = 

p.p.m.  of  NaClOj 

EXPERIMENTAL 

The  o-tolidine  reagent  was  prepared  accord¬ 
ing  to  Snell  and  Snell  (IS)  to  contain  1  gram 
of  o-tolidine  and  100  ml.  of  hydrochloric  acid 
(specific  gravity  1.19)  in  1  liter  of  solution. 
Although  the  o-tolidine  was  triturated  with 
some  of  the  diluted  acid,  as  recommended,  it 


Figure  1.  Development  and  Stability  of  Color 
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did  not  readily  dissolve  until  the  solution  was  heated  with  swirl¬ 
ing.  Preliminary  experiments  with  this  reagent  indicated  that  a 
detectable  color  could  be  obtained  with  as  little  as  0.05  microgram 
per  ml.  of  sodium  chlorate  in  a  strong  hydrochloric  acid  solution. 
The  yellow  color  produced  indicated  the  use  of  a  blue  filter  for 
photometric  measurement  of  the  color.  Little  difference  was 
observed  between  Wratten  filters  H-45  and  C5-47,  but  the  latter 
was  chosen  because  of  the  slightly  greater  absorption  indicated. 
All  colorimetric  measurements  were  made  on  an  Eimer  &  Amend 
colorimeter  using  40-mm.  square-type  optical  cells. 

The  effect  of  hydrochloric  acid  concentration  upon  the  develop¬ 
ment  and  stability  of  the  color  produced  with  50  and  100  micro¬ 
grams  of  sodium  chlorate  was  determined  (Figure  1).  Only  a 
1-gram  sample  of  50%  sodium  hydroxide  was  used  in  order  to 
keep  the  resulting  sodium  chloride  in  solution  at  the  high  acid 
concentrations.  As  can  be  seen  from  Figure  1,  both  time  and  acid¬ 
ity  were  very  critical.  The  color  in  4  and  5  N  hydrochloric  acid 
shows  the  greatest  development,  but  development  of  maximum 
color  requires  20  minutes  or  longer.  Color  development  was 
least  with  8  N  acid  and  was  attained  slowly.  The  color  in  6  and 
7  N  acid  developed  rapidly  and  was  intermediate  between  that 
developed  in  5  and  8  N,  respectively.  For  this  reason  the  use  of 
6  N  hydrochloric  acid  was  adopted  as  providing  a  maximum, 
fairly  stable  color  in  8  to  10  minutes.  Because  of  the  limited 
solubility  of  sodium  chloride  in  concentrated  hydrochloric  acid, 
the  6  N  solution  is  brought  to  a  volume  of  60  ml.,  allowed  to  stand 
for  color  development  at  this  acidity,  and  then  diluted  to  100  ml. 
to  dissolve  the  salt  just  before  measuring  the  color.  Because  of 
the  gradual  decrease  in  color,  as  shown  in  Figure  1,  the  color 
should  be  measured  promptly  or  at  least  after  a  fixed  time  lapse. 

As  in  the  case  of  the  iodometric  method  described  in  the  pre¬ 
ceding  paper  (15),  chlorate  could  not  be  recovered  quantitatively 
from  50%  sodium  hydroxide  which  had  been  stored  in  rubber- 
stoppered  bottles.  No  chlorate  was  recovered  when  1500  micro¬ 
grams  of  sodium  chlorate  were  added  to  sodium  hydroxide  which 
had  been  boiled  with  a  new  gray  rubber  stopper.  Quantitative 
recovery  was  obtained  from  50%  sodium  hydroxide  which  had 
been  stored  in  screw-capped  No-Sol-Vit  bottles. 

The  interference  of  iron  was  determined  by  adding  known 
amounts  of  a  standard  iron  solution,  prepared  from  c.p.  ferric 
chloride  hexahydrate,  to  c.p.  sodium  hydroxide.  The  iron  was 
observed  to  produce  the  same  or  a  similar  color  as  the  chlorate 
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Table  I.  Effect  of  Copper 


Sodium  Chlorate 


Copper  Added 
Micrograms 

Added 

Found 

Micrograms 

Error0 

0 

0 

2 

10 

0 

1 

-i 

50 

0 

2 

0 

100 

0 

1 

-1 

0 

10 

10 

10 

10 

12 

+2 

50 

10 

10 

0 

100 

10 

11 

+  1 

0 

100 

105 

10 

100 

106 

+i 

50 

100 

107 

+  2 

100 

100 

110 

+5 

Error  calculated  as  difference  -with  and  without  copper  present. 

to  the  extent  of  about  0.030  microgram  of  sodium  chlorate  per 
microgram  of  iron  (Figure  2). 

Manganese  of  a  valence  greater  than  2  is  reported  to  interfere 
in  the  o-tolidine  method  for  free  chlorine  by  Hopkins  (4),  who 
found  that  manganous  salts  in  acid  solutions  did  not  interfere. 
However,  in  alkaline  solutions  he  found  that  the  manganous 
hydroxide  was  converted  to  manganic  by  absorption  of  oxygen. 
Upon  acidification,  color  was  produced  by  reduction  of  the  man¬ 
ganese  by  the  o-tolidine.  This  was  confirmed  by  adding  known 
amounts  of  manganese  to  50%  sodium  hydroxide  before  and  after 
acidification  and  measuring  the  color  produced  with  o-tohdine. 
No  color  was  observed  when  manganese  was  added  to  the  acidi¬ 
fied  solution.  The  addition  of  manganese  to  the  caustic  soda 
solution  is  shown  in  Figure  2  to  cause  an  error  equal  to  the  man¬ 
ganese  concentration.  Although  the  interference  of  manganese 
appears  erratic,  errors  in  the  correction  for  the  10  micrograms  or 
less  of  manganese  anticipated  in  a  10-gram  sample  of  50%  caustic 
soda  should  be  small.  The  color  intensity  produced  by  iron  is 
only  about  one  thirtieth  that  obtained  for  manganese,  while  that 
produced  by  chlorate  is  about  one  third  that  of  manganese,  based 
on  their  equivalent  weights  in  the  iodometric  method.  While  no 
attempt  was  made  to  trace  the  cause  of  this  phenomenon,  it  sug¬ 
gests  that  the  oxidation  of  o-tohdine  by  these  three  substances 
occurs  to  widely  different  degrees. 

The  formation  of  a  copper  complex  with  o-tolidine  as  reported 
by  Mellan  (8)  led  to  determination  of  the  effect  of  copper  upon 
the  color.  As  seen  from  the  data  in  Table  I,  as  much  as  100  mi¬ 
crograms  of  copper  caused  no  significant  error  in  the  recovery  of 
added  chlorate  except  at  the  level  of  100  micrograms  of  sodium 
chlorate.  The  errors  observed  there  were  greater  than  expected 
but  are  probably  due  to  causes  other  than  the  copper. 

Because  of  the  likely  presence  of  ammonia  in  caustic  soda  puri¬ 
fied  by  the  liquid  ammonia  extraction  process,  the  effect  of  this 
impurity  was  determined.  The  ammonia  was  added  as  ammo¬ 
nium  chloride  to  a  sample  of  50%  sodium  hydroxide  after  neutrali¬ 
zation.  No  significant  error  was  observed  when  as  much  as  1% 
ammonia  was  present. 

To  determine  the  effect  of  temperature  upon  the  color  pro¬ 
duced,  sodium  chlorate  was  added  to  portions  of  sodium  hydrox¬ 
ide  which  were  then  acidified  to  6  N  hydrochloric  acid  slowly 
while  cooling  in  ice  water.  After  acidification,  the  solutions  were 
held  at  varying  temperatures  for  5  minutes,  allowed  to  stand  at 
room  temperature  for  another  5  minutes,  and  then  diluted  to 
100  ml.,  making  the  acidity  5  N  before  reading  the  color.  The 
transmittancies  for  50  and  100  micrograms  of  sodium  chlorate 
are  plotted  against  temperature  in  Figure  3.  It  is  apparent  that 
color  development  is  incomplete  below  20°  C.  and  that  the  color 
is  rapidly  destroyed  or  never  develops  above  40°  C.  Between 
these  two  temperatures  the  color  appears  to  be  stable. 

To  translate  the  above  temperatures  into  operating  conditions, 
the  effect  of  the  rate  of  hydrochloric  acid  addition  upon  tempera¬ 
ture  was  determined.  The  study  was  divided  into  two  parts,  the 
neutralization  and  the  acidification,  the  former  being  much  more 
exothermic  than  the  latter.  The  10  ml.  of  hydrochloric  acid 
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(specific  gravity  1.19)  required  for  neutralizing  a  10-gram  sample 
of  50%  caustic  soda  and  the  30  ml.  required  to  make  the  solution 
6  N  were  added  at  varying  rates  while  cooling  by  swirling  the 
sample  in  a  bath  at  20°  C.  Temperature  measurements  indi¬ 
cated  that  the  acid  should  be  added  slowly  over  a  period  of  at 
least  2  minutes  to  maintain  the  temperature  below  40°  C.  when 
starting  with  a  sample  at  20°  C.  The  subsequent  acidification 
of  the  solution  may  be  made  rapidly,  as  very  little  heat  is  de¬ 
veloped  if  the  solution  is  thoroughly  swirled  during  the  addition. 

In  Table  II  is  shown  the  recovery  of  sodium  chlorate  added  to 
a  sample  of  commercial  50%  caustic  soda  by  the  above  procedure. 
The  recovery  appears  to  be  very  satisfactory. 


A  typical  calibration  curve  is  shown  in  Figure  4.  Very  little 
change  in  color  results  from  changes  in  sodium  chlorate  concen¬ 
tration  around  300  micrograms  and  not  more  than  200  micro¬ 
grams  of  sodium  chlorate  can  be  determined  with  a  satisfactory 
precision.  The  limit  of  uncertainty  of  the  method  under  the  best 
conditions  ( LU\ )  was  found  to  be  =*=0.198  p.p.m.  by  analyzing  10 
portions  of  a  sample  of  50%  sodium  hydroxide  prepared  from 
c.p.  pellets  and  containing  5.00  p.p.m.  of  added  sodium  chlorate. 
As  seen  from  the  data  in  Table  III,  the  mean  analysis  was  5.03 
p.p.m.  of  sodium  chlorate,  which  is  in  good  agreement  with  the 
amount  added.  In  these  analyses  the  transmittancy  was  esti¬ 
mated  to  0.01%.  The  sodium  chlorate  values  were  then  read 
from  a  section  of  the  curve  shown  in  Figure  4  drawn  to  an  enlarged 
scale  to  permit  reading  to  0.01%  transmittancy  and  0.1  micro¬ 
gram  of  sodium  chlorate.  This  was  done  to  minimize  the  errors 
introduced  by  reading  the  curve  and  thus  measure  more  closely 
the  true  precision  of  the  color  development  and  measurement. 
In  routine  use,  a  compromise  with  these  conditions  might  be  de¬ 
sirable  in  the  interest  of  speed  and  facility.  Approximately  15 
minutes  are  required  for  a  single  determination,  but  ten  deter¬ 
minations  were  made  in  70  minutes  for  an  average  of  7  minutes 
per  determination. 


fable  II.  Recovery  of  Sodium  Chlorate  from  Commercial  50% 

Caustic  Soda 


Added 

0.0 

Found  Recovered 

Parts  per  million 

1.2 

Error 

1.0 

1.9 

0.7 

—  6.3 

5.0 

6.2 

5.0 

0.0 

10.0 

11.1 

9.9 

-0.1 

Table  III.  Precision  of  Method  under  Best  Conditions,  (LUi) 

Sodium  Chlorate 


Portion 

Found 

P.p.m. 

Deviation 

P.p.m. 

1 

5.13 

+  0.10 

2 

4.99 

-0.04 

3 

5.03 

0.00 

4 

4.98 

-0.05 

5 

5.09 

+  0.06 

6 

5.02 

-0.01 

7 

4.98 

-0.05 

8 

5.10 

+  0.07 

9 

5.03  ♦ 

0.00 

10 

Av. 

Standard  deviation  of  group 

Standard  deviation  of  infinite  group 
LUi  of  method 

4.92 

5.03 

±0.061 

±0.066 

±0.198 

-0,11 

The  statement  of  Ellms  and  Hauser  (2)  that  the  interference  of 
iron  with  the  o-tolidine  method  for  free  chlorine  was  only  one 
third  or  one  fourth  as  great  for  the  sulfate  as  for  the  chloride  led 
to  the  investigation  of  sulfuric  acid  for  neutralizing  the  caustic 
and  developing  the  color.  The  effect  of  iron  was  found  to  be  more 
erratic  in  sulfuric  acid  than  in  hydrochloric  acid  but  it  was  only 
about  one  fifth  as  great,  or  about  0.006  microgram  of  sodium 
chlorate  per  microgram  of  iron.  The  interference  of  manganese 
was  also  less  in  sulfuric  acid,  averaging  about  0.4  microgram  of 
sodium  chlorate  per  microgram  of  manganese.  The  stability  of 
the  color  produced  in  sulfuric  acid  was  determined  by  measuring 
the  colors  at  intervals  after  standing  in  the  laboratory  light  at 
room  temperature.  The  color  is  stable  for  at  least  24  hours  and 
shows  an  appreciable  fading  only  after  120  hours.  The  color  in¬ 
tensity  in  sulfuric  acid  was  about  twice  as  great  as  in  hydro¬ 
chloric  acid,  permitting  greater  sensitivity  of  detection,  but  also 
limiting  the  maximum  concentration  which  could  be  satisfac¬ 
torily  measured  to  about  1  microgram  of  sodium  chlorate  per  ml. 
of  solution.  However,  the  sample  size  can  be  varied  from  0  to  at 
least  20  grams  of  50%  caustic  soda  without  altering  the  recovery 
of  the  sodium  chlorate.  The  greater  solubility  of  sodium  sulfate 
in  sulfuric  acid  does  not  limit  the  sample  size  as  does  the  use  of 
hydrochloric  acid. 

Although  the  substitution  of  sulfuric  for  hydrochloric  offers 
numerous  advantages,  it  also  involves  several  difficulties.  At- 
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tempts  to  develop  the  color  in  6  N  sulfuric  acid,  on  the  basis  of 
experience  with  hydrochloric  acid,  were  unsuccessful.  Instead, 
it  was  found  necessary  to  increase  the  concentration  to  13  or 
14  N  to  obtain  maximum  color.  This  high  acid  concentration 
necessitates  the  use  of  relatively  concentrated  sulfuric  acid  for  the 
neutralization  and  acidification,  resulting  in  the  evolution  of 
considerable  heat.  Limited  data  on  the  effect  of  temperature 
upon  the  color  in  sulfuric  acid  indicated  that  a  temperature  of 
about  75°  C.  was  necessary  to  develop  the  color,  and  temperatures 
above  120°  C.  destroyed  the  color.  The  complete  disappearance 
of  the  color  in  a  hydrochloric  acid  solution  at  75°  C.  indicates  a 
much  greater  thermal  stability  of  the  color  in  sulfuric  acid.  The 
precision  of  the  procedure  using  sulfuric  acid  was  determined  by 
analyzing  10  portions  of  a  sample  of  commercial  50%  caustic  soda. 
No  attempt  was  made  to  measure  or  control  the  temperature 
other  than  the  approximate  control  of  the  rate  of  acidification. 
A  limit  of  uncertainty  of  ±1.05  p.p.m.  in  a  sample  analyzing  2.7 
p.p.m.  was  found.  This  poor  precision  is  probably  associated 
with  lack  of  temperature  control.  However,  this  factor  was  not 
investigated  further  and  the  use  of  sulfuric  acid  was  abandoned 
in  favor  of  hydrochloric  acid,  which  had  been  studied  more  in¬ 
tensively. 
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Determination  of  Small  Amounts  of  Silica 

M.  F.  ADAMS 

Washington  State  Planning  Council  and  Department  of  Chemistry  and  Chemical  Engineering,  State  College  of  Washington,  Pullman,  Wash 


The  need  for  a  generally  applicable  colorimetric  method  for  deter¬ 
mining  small  amounts  of  silica  is  discussed.  In  a  method  which  is 
to  supplement  the  standard  procedure  all  interfering  substances 
should  be  removed  and  the  silica  brought  into  a  reproducible 
molecular  state.  A  method  which  satisfies  these  requirements 
is  described.  The  yellow  molybdisilicic  complex  is  used. 

SILICA  is  an  important  constituent  and  frequently  a  serious 
impurity  in  many  materials  which  have  become  more  and 
more  important  technically.  There  is  a  practical  need,  there¬ 
fore,  for  the  determination  of  small  amounts  of  silica.  In  an  in¬ 
vestigation  of  alumina  extraction  from  clay,  the  determination  of 
a  few  hundredths  per  cent  of  silica  in  alumina  and  of  less  than 
0.1%  of  silica  in  solutions  containing  considerable  amounts  of 
salts  of  aluminum,  iron,  phosphates,  etc.,  was  required.  A 
reliable  and  quick  method  is  particularly  important  because 
removal  of  silica  down  to  0.03%  of  the  alumina  is  oue  of  the 
major  problems  in  alumina  production  from  clay. 

The  standard  gravimetric  method  is  not  satisfactory  in  these 
cases.  Even  5  grams  of  a  sample  of  pure  alumina  yield  only  1  or 
2  mg.  of  silica.  The  emission  spectroscopic  method  is  advantage¬ 
ous  only  in  permanent  routine  work  and  even  here  the  calibration 
presents  some  difficulty. 

Since  the  first  paper  of  Jolles  and  Neurath  (5)  colorimetric 
methods  with  ammonium  molybdate  as  color-forming  agent 
have  been  described  by  numerous  authors  (3).  While  these 
methods  are  satisfactory  in  many  special  cases,  like  the  examina¬ 
tion  of  drinking  water,  their  general  application  is  seriously  im¬ 
paired  by  several  factors.  Silica  undergoes  polymerization  and 
various  colloidal  changes  ( 6 ,  7)  especially  in  solutions  which  are 
about  neutral.  In  some  polymerized  states  silica  does  not  form 
the  yellow  complex  with  molybdate.  Furthermore,  iron  and 
fluoride  interfere  with  the  formation  of  the  complex,  phosphates 
and  arsenates  form  a  complex  of  similar  color,  and  many  neutral 
salts  influence  the  color  if  present  in  larger  concentrations. 

The  method  of  Dienert  and  Wandenbulcke  (2)  apparently 
eliminates  the  influence  of  the  previous  history  of  the  silica  in  the 


examination  of  nearly  pure  water;  however,  this  procedure 
cannot  be  used  in  the  presence  of  salts  of  aluminum  and  iron  (S). 
It  would  require  a  special  examination  for  any  accessory  solutes, 
as  even  the  presence  of  chlorides  modifies  the  color  ( 8 ,  10). 

It  was  thought  that  a  treatment  in  acidic  or  alkaline  solution 
might  produce  a  definite  molecular  state  of  the  silica.  Numerous 
tests  were  carried  out  in  sulfuric  acid  solutions  of  various  con¬ 
centrations  and  in  alkaline  solutions.  Boiling  with  acids  of 
moderate  concentrations  or  alkali  has  an  appreciable  depolymeri¬ 
zation  effect,  but  the  results  were  not  so  well  reproducible  that  a 
reliable  method  could  be  based  on  a  treatment  of  silica  in  solution. 

A  radical  deviation  from  previous  methods  appeared  still  more 
desirable  because  iron  and  phosphates  interfere  with  the  colori¬ 
metric  determination  even  if  any  polymerization  error  is  avoided. 
The  numerous  methods  suggested  in  the  literature  would  require 
special  investigations  for  every  kind  of  sample  substance;  hardly 
any  could  be  relied  upon  in  the  presence  of  large  amounts  of 
aluminum  and  iron. 

It  was  concluded  that  a  generally  applicable  method  has  to 
eliminate  completely  all  accessory  constituents  without  loss  of 
silica,  and  erase  the  influence  of  the  previous  colloidal  history. 

The  first  step  can  be  achieved  only  in  acidic  solution,  because 
otherwise  losses  of  silica  cannot  be  safely  prevented.  Evapora¬ 
tion  with  perchloric  acid  is  the  most  convenient  way  of  separation. 
It  can  be  carried  out  quickly  because  only  small  samples  are  re¬ 
quired  in  the  colorimetric  method.  The  use  of  perchloric  acid, 
however,  has  been  found  objectionable  if  large  amounts  of  salts 
are  present  in  the  dehydration  of  small  amounts  of  silica.  In 
these  cases  losses  of  silica  due  to  solubility  in  perchloric  acid  are 
not  negligible  and  the  dehydration,  therefore,  is  to  be  carried  out 
with  sulfuric  acid. 

Fusion  of  the  dehydrated  silica  with  sodium  carbonate  presents 
the  simplest  method  not  only  for  dissolution,  but  also  for  ensuring 
a  definite  and  suitable  molecular  state  of  the  silica. 

While  this  method  was  developed  with  special  regard  to  alumina 
and  alumina-containing  solutions,  its  applicability  extends  to 
numerous  other  cases— e.g.,  the  analysis  of  magnesium  alloys. 
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Table  I.  Test  Analyses 


Silica, 

Silica, 

Sample 

Gravimetric 

Colorimetric 

G./l. 

G./l. 

A 

1.054 

1.07 

B 

1.054 

1.02 

C 

1.054 

1.03 

% 

'  % 

D 

1.25 

1.25 

E 

1.25 

1.26 

F 

— 

0.029 

G 

— 

0.032 

H 

— 

0.031 

I 

— 

0.033 

K 

— 

0.033 

L 

— 

0.034 

PROCEDURE 

Perchloric  acid  is  used  if  the  sample  contains  not  more  than  10 
milliequivalents  of  cations  per  milligram  of  silica  or  if  the  whole 
sample  contains  not  more  than  5  milliequivalents.  A  sample  con¬ 
taining  about  1  mg.  of  silica  is  dissolved,  digested  in  a  platinum 
crucible  with  perchloric  acid  (not  more  than  100%  excess  of  the 
amount  equivalent  to  the  basic  constituents  of  the  sample), 
evaporated  to  fumes  of  perchloric  acid,  digested  5  more  minutes, 
cooled,  diluted  to  about  10  ml.,  and  filtered  through  a  5-cm. 
filter,  No.  40  Whatman.  It  is  not  necessary  to  collect  the  entire 
residue  on  the  filter,  but  the  perchloric  acid  should  be  removed 
completely  by  washing  with  cold  water. 

The  filter  is  put  back  into  the  crucible  and  the  walls  of  the 
crucible  are  wiped  with  the  paper.  The  filter  is  dried  and  ignited 
in  the  tilted  crucible.  About  0.5  gram  of  sodium  carbonate  is 
placed  directly  on  the  slight  residue  and  fused.  Then  the  crucible 
is  brought  into  a  vertical  position  in  the  flame,  the  melt  spreading 
over  the  bottom  of  the  crucible  and  slightly  creeping  up  the  wall. 
The  crucible  is  quenched  in  water.  The  melt  is  dissolved  in  5  ml. 
of  water  by  carefully  heating  to  boiling. 

The  solution  is  transferred  to  a  50-ml.  volumetric  flask,  a  small 
amount  of  phenolphthalein  is  added,  and  the  sample  is  titrated 
with  approximately  10  N  sulfuric  acid  from  a  microburet.  About 
,  the  same  amount  of  acid  is  added  once  more  to  replace  the  car¬ 
bonic  acid  of  the  bicarbonate.  In  addition,  0.5  ml.  of  the  acid  is 
added  to  make  up  for  a  final  concentration  of  0.1  equivalent  per 
liter.  After  addition  of  2  ml.  of  ammonium  molybdate  solution 
(10%),  the  sample  solution  is  made  up  to  50  ml.  Colorimetric 
readings  are  taken  after  5  minutes.  The  color  is  constant  for 
more  than  one  hour. 

Colorimetric  comparison  or  calibration  with  a  buffered  solution 
of  potassium  chromate  according  to  Swank  and  Mellon  (10)  has 
been  found  reliable  and  convenient.  In  the  present  method,  how¬ 
ever,  the  colorimetric  sample  solution  is  0.1  N  in  acid — i.e.,  be¬ 
tween  the  two  concentrations  0.02  N  and  0.4  N  used  in  the  pro¬ 
cedures  described  by  Swank  and  Mellon.  The  selection  of  an 
intermediate  acid  concentration  is  advisable  because  the  higher 
concentration  is  close  to  the  limit  of  a  satisfactoiy  color  develop¬ 
ment,  and  because  in  the  present  method  the  acid  concentration 
cannot  be  conveniently  adjusted  to  the  lower  concentration  with 
sufficient  precision.  It  was  to  be  expected  that  a  concentration  of 
potassium  chromate  between  the  two  values  0.58  and  0.63  gram 
per  liter  of  Swank  and  Mellon  is  to  be  used.  The  required  con- 
i  centration,  0.602  gram  of  potassium  chromate  per  liter,  was 
established  by  eight  determinations  on  samples  containing  0.2  to 
1.1  mg.  of  silica.  The  maximum  deviation  from  the  average  cor¬ 
responded  to  7  micrograms  of  silica.  The  standard  silica  solu¬ 
tion  was  prepared  from  pure  silica  gel  and  standardized  gravi- 
metrically. 

Following  Swank  and  Mellon,  the  stock  solution  is  diluted  to 
the  desired  concentration,  which  should  not  exceed  the  equivalent 
of  40  mg.  of  silica  per  liter,  and  is  conveniently  kept  between  5 
and  20  mg.  of  silica  per  liter.  The  solution  used  for  comparison 
should  contain  0.5%  NaiEbOj.lOHjO. 

For  samples  containing  less  than  1  mg.  of  silica  the  volume  of 
the  sample  solution  prepared  for  colorimetric  comparison  can  be 
reduced  to  25  or  10  ml.  without  appreciable  inconvenience.  The 
amounts  of  sulfuric  acid  and  molybdate  are  to  be  reduced  in  pro¬ 
portion. 

A  blank  determination  is  required  for  the  correction  of  the 
amounts  of  silica  introduced  in  the  procedure.  If  the  tap  water, 
as  in  this  laboratory,  contains  considerable  amounts  of  silica 
variable  amounts  may  appear  in  the  ordinary  distilled  water. 
The  use  of  redistilled  water  is,  therefore,  advisable.  In  this  case 
silica  is  introduced  practically  only  by  the  filter  paper. 

The  whole  procedure  requires  about  0.5  hour  for  a  single  de¬ 
termination,  and  somewhat  less  for  determinations  in  a  series. 


If  the  cation  content  appreciably  exceeds  5  milliequivalents  per 
sample  and  10  milliequivalents  per  milligram  of  silica,  perchloric 
acid  should  be  replaced  by  sulfuric  acid.  Evaporation  is  con¬ 
tinued  almost  to  dryness,  and  the  soluble  salts  are  taken  up  in  a 
4%  ammonium  chloride  solution  (4).  This  procedure  is  not  ad¬ 
visable  in  the  presence  of  substances  such  as  nickel  and  chromium 
which  form  difficultly  soluble  sulfates.  In  a  case  like  this  the  size 
of  the  sample  should  be  chosen. so  that  not  more  than  5  milli¬ 
equivalents  of  cations  are  present  even  though  the  precision  of  the 
determination  is  reduced.  The  evaporation  should  be  carried  out 
with  perchloric  acid. 

Too  high  results  were  obtained  on  dehydration  with  perchloric 
acid  in  the  presence  of  both  titania  and  phosphate.  The  separa¬ 
tion  of  titanium  phosphate  from  silica  tends  to  be  incomplete. 
Phosphate  in  the  final  solution  interferes  seriously  because  it 
gives  the  same  color  as  silica  with  molybdate.  Good  results  were 
obtained  in  this  case  with  a  mixture  of  perchloric  and  sulfuric 
acids. 

Caution  is  advised  if  lead  is  present  and  sulfuric  acid  is  used. 
Lead  sulfate  should  be  filtered  off  before  evaporation,  since  it 
otherwise  stays  with  the  silica.  In  the  soda  fusion  it  is  reduced  by 
the  filter  paper  and  ruins  the  platinum  crucible.  Even  if  this  were 
prevented  by  means  of  an  oxidant,  the  presence  of  lead  sulfate  in 
the  colorimeter  solution  would  interfere  with  color  comparison. 
For  the  latter  reason  barium  sulfate  should  also  be  removed. 

Calcined  alumina  was  fused  with  soda  and  boric  oxide  (1)  and 
treated  with  sulfuric  acid. 

Aluminum  metal  is  conveniently  dissolved  by  sodium  hydroxide 
in  presence  of  hydrogen  peroxide.  As  the  A.C.S.  specifications 
for  sodium  hydroxide  allow  as  high  as  0.01%  silica,  the  reagent 
must  be  tested  and  an  appropriate  correction  must  be  made. 
If  the  sample  contains  appreciable  amounts  of  fluorine,  the 
standard  procedure  (4)  for  elimination  of  fluorine  as  used  in  the 
gravimetric  method  is  to  be  followed. 

TESTS 

A  few  of  the  test  analyses  are  recorded  in  Table  I. 

The  influence  of  substances  likely  to  interfere  was  tested  in 
samples  A,  B,  and  C,  which  contained  25  mg.  of  alumina,  2.5  mg. 
of  ferric  oxide,  5  mg.  of  phosphorus  pentoxide,  0.5  mg.  of  titanium 
oxide,  and  0.525  mg.  of  silica. 

Samples  D  and  E  were  basic  aluminum  sulfite. 

Samples  F,  G,  H,  and  I,  K,  L  were  taken  from  calcined  alumina 
which,  according  to  the  label,  contained  0.032  and  0.039%  silica, 
respectively. 

The  results  on  the  calibration  of  the  potassium  chromate  in  the 
section  on  procedure  indicate  that  the  method  is  reproducible 
within  *1%  for  a  sample  containing  0.5  mg.  of  silica  or  within 
about  5  micrograms  for  smaller  samples.  If  interfering  sub¬ 
stances  or  large  amounts  of  salts  are  present,  the  limits  of  error  are 
about  double  this  amount. 
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Determination  of  Hydrogen/  Carbon,  and  Nitrogen 

in  Magnesium  Alloys 

E.  G.  BOBALEK  AND  S.  A.  SHRADER,  The  Dow  Chemical  Company,  Midland,  Mich. 


The  analysis  of  magnesium  alloys  for  extractible,  gaseous,  non- 
metallic  impurities  has  been  investigated  by  three  methods — extrac¬ 
tion  with  an  inert  gas,  vacuum  extraction,  and  electrical  degassing 
by  ion  bombardment.  The  chemical  methods  of  microcombustion 
for  carbon  and  hydrogen,  and  micro-Kjeldahl  for  nitrogen  were 
adapted  to  magnesium  alloys  in  order  to  check  the  reliability  of  the 
extraction  methods.  The  gases  ordinarily  extracted  from  mag¬ 
nesium  alloys  are  hydrogen,  the  oxides  of  carbon,  and  trace  quan¬ 
tities  of  nitrogen.  The  results  from  all  methods  are  consistent  in 
the  analyses  for  these  gases.  The  extraction  methods  are  of  greater 
precision  for  the  determination  of  hydrogen;  however,  none  of  tfte 
extraction  methods  compares  favorably  in  precision  with  the  com¬ 
bustion  method  for  carbon  or  with  the  Kjeldahl  method  for  nitrogen. 


RESEARCH  on  the  metallurgical  significance  of  gases  in  mag¬ 
nesium  alloys  has  focused  considerable  attention  on  the  de¬ 
termination  of  the  gas-forming  nonmetallic  impurities  in  these 
metals.  Some  studies  of  this  question  have  been  reported  for 
pure  magnesium  (2,  8, 16, 19),  and  the  literature  cites  results  that 
are  at  wide  variance  where  reasonable  consistency  should  be 
expected. 

The  purpose  of  this  investigation  was  to  study  the  various 
possibilities  for  the  determination  of  gases  in  magnesium  al¬ 
loys  in  order  to  resolve  some  of  the  discrepancies  reported  in  the 
literature,  and  also  to  evaluate  the  possible  analytical  procedures 
from  the  standpoint  of  their  convenient  utilization  for  certain 
types  of  experimental  investigations.  . 

The  earlier  literature  concerning  this  problem  is  very  deficient 
in  experimental  details;  hence,  it  is  difficult  to  compare  this  work 
with  that  of  other  investigators.  These  earlier  studies  were  con¬ 
cerned  primarily  with  the  vacuum  methods  of  “hot  extraction” 
and  “ion  bombardment”.  These  procedures  were  reinvestigated 
in  this  laboratory.  To  the  extent  that  it  is  possible  to  compare 
the  authors’  results  with  the  literature,  it  can  be  concluded  that 
the  apparent  inconsistencies  of  the  earlier  data  by  these  two  meth¬ 
ods  were  the  results  of  remediable  constant  errors  of  experimental 
technique. 

Besides  establishing  the  agreement  of  the  results  of  the  older 
methods,  the  two  other  experimental  techniques  of  combustion 
and  helium  extraction  have  been  developed  as  a  check  on  the  pos¬ 
sible  constant  errors  of  the  vacuum  methods. 

The  purpose  of  this  investigation  was  to  clarify  the  general  sta¬ 
tus  of  the  analytical  problem  rather  than  to  exploit  either  method 
to  its  greatest  advantage.  It  is  the  opinion  of  the  authors  that 
this  objective  has  been  achieved,  although  it  is  conceivable  that 
considerable  development  is  possible  yet  in  improving  the  preci¬ 
sion  of  either  method.  However,  these  methods,  as  they  are 
here  described,  are  of  an  accuracy  and  precision  that  compare 
favorably  with  the  methods  used  for  other  metals,  and  even  with¬ 
out  further  refinement  they  should  find  considerable  application 
for  metallurgical  research  and  control. 

Method  I.  Extraction  with  an  Inert  Gas 

This  method  was  based  on  the  observation  that  reversibly  sol¬ 
uble  gases  can  be  extracted  from  molten  metals  by  bubbling 
through  the  melt  some  inert  and  insoluble  gas  (1).  Either  nitro¬ 
gen  or  any  inert  gas  of  the  helium  group  should  be  useful  as  an 
extracting  gas.  Helium  was  the  only  one  used  in  these  experi¬ 


ments.  The  procedure  required  a  careful  purification  of  the  he¬ 
lium  at  the  source,  and  an  analysis  for  the  gases  in  the  helium 
after  it  had  been  passed  through  the  molten  metal.  The  method 
of  analysis  was  specific  for  hydrogen,  water  vapor,  and  the  oxides 
of  carbon.  No  attempt  was  made  to  account  for  nitrogen  or  other 
possible  trace  constituents  of  the  gaseous  extract. 

APPARATUS 

The  melting  furnace  used  in  this  investigation  is  illustrated  in 
Figure  1. 

The  graphite  crucible  within  the  silica  furnace  tube  was  heated 
by  induction.  The  power  was  provided  to  a  7.5  X  10  cm.  water- 
cooled  coil  by  an  Ajax-Northrup  3-kw.  converter  operated  on  a 
220-volt,  60-cycle  supply  line.  A  porcelain  shield  tube  was  in¬ 
serted  into  the  furnace  in  order  to  protect  the  silica  in  the  event 
that  some  metal  should  splash  from  the  crucible.  The  porcelain 
and  silica  furnace  parts  were  baked  in  a  muffle  at  800°  C.  before 
assembling.  The  graphite  crucible  was  given  a  vacuum  bake-out 
at  2500°  C.  and  stored  over  phosphorus  pentoxid'e  until  it  was 
used  in  the  furnace  assembly. 


The  hollow,  water-cooled,  steel  furnace  head  was  fastened  in 
place  by  sliding  the  collar  over  a  ring  of  hot  De  Khotinsky  cement 
that  was  spread  around  the  outer  edge  of  the  silica  tube.  The 
furnace  head  was  provided  with  two  openings,  at  one  of  which 
the  thermocouple  leads  were  cemented  into  place.  The  thermo¬ 
couple  leads  were  passed  between  the  walls  of  the  graphite  cru¬ 
cible  and  porcelain  shield,  and  the  thermocouple  junction  was  in¬ 
serted  into  a  3-mm.  hole,  drilled  so  as  to  place  the  junction  hori¬ 
zontally  about  3  mm.  below  the  molten  charge  in  the  crucible. 
The  thermocouple,  together  with  a  Bristol  mechanical  temperature 
controller,  was  used  to  actuate  a  circuit-breaker  relay  that  inter¬ 
rupted  the  power  supply  to  the  converter  when  a  desired  holding 
temperature  was  exceeded.  This  arrangement  made  possible 
holding  the  temperature  constant  to  ±  15°  C.  A  side-arm  T-tube 
was  cemented  into  the  larger  opening  of  the  furnace  head.  A  3- 
mm.  steel  tube  was  fastened  into  place  by  a  plug  of  cement  that 
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was  placed  between  the  side-arm  outlet  and  the  12/5  standard 
Pyrex  spherical  joint  of  the  T-tube.  (A  steel  tube  can  be  used 
without  trouble -when  the  furnace  charge  is  pure  magnesium; 
however,  the  magnesium-aluminum  alloys  attack  low-carbon 
steel,  and  ultimately  the  tube  becomes  plugged  with  the  iron-alu¬ 
minum  reaction  products.  For  prolonged  immersion  in  the  al¬ 
loys,  graphite  tubes  are  preferred  to  steel.)  A  convenient  length 
of  Pyrex  tubing  connected  the  helium  input  end  of  the  steel  tube 
to  the  helium  purification  train. 

The  helium  purification  train  contained  in  series  a  Pyrex-Vycor 
copper  oxide  furnace  (at  700°  C.)  and  absorption  tubes  filled, 
respectively,  with  Ascarite  and  magnesium  perchlorate.  The  tank 
helium  source  was  connected  to  the  purification  train  in  parallel 
with  a  mercury  manometer.  The  helium  flow  rate  was  controlled 
by  direct  adjustment  of  the  valve  on  the  tank.  The  flow  rate 
and  pressure  on  the  manometer  could  be  maintained  constant, 
and  at  a  pressure  of  5  to  10  cm.  of  mercury,  the  desired  flow  rate 
of  25  to  35  cc.  per  minute  would  prevail  even  when  the  furnace 
was  charged  with  molten  metal.  Any  rise  in  the  pressure,  at  a 
constant  setting  of  the  valve,  served  as  an  indication  that  an 
obstruction  was  developing  in  the  flow  line,  and  probably  in  the 
crucible.  Usually,  a  temporary  speed-up  of  the  flow  rate  would 
remove  such  an  obstruction. 

The  helium  flowing  from  the  furnace  through  the  side  arm  of 
the  T-tube  was  passed  through  an  analytical  train  containing  in 
series  two  microabsorption  tubes  filled,  respectively,  with  mag¬ 
nesium  perchlorate  and  Ascarite,  then  a  copper  oxide  furnace 
(at  500°  C.),  and  two  more  absorption  tubes  like  the  first  pair. 
The  rate  of  gas  flow  was  measured  by  the  displacement  of  water 
from  a  Mariotte  bottle  connected  in  series  with  the  last  absorption 
tube  of  the  analytical  train,  through  a  U-tube  filled  with  magne¬ 
sium  perchlorate.  This  arrangement  of  the  copper  oxide  furnace 
and  absorption  tubes  made  possible  the  analysis  of  the  helium  for 
water,  carbon  dioxide,  hydrogen,  and  carbon  monoxide.  The 
magnesium  perchlorate  protection  tube  was  used  only  to  protect 
the  absorption  train  in  the  event  that  the  gas  flow  through  the 
system  should  be  interrupted. 

PROCEDURE 

The  assembled  apparatus  was  tested  for  leaks  by  plugging  the 
end  of  the  last  absorption  tube  in  the  analytical  train,  and  evacu¬ 
ating  the  apparatus  with  a  pump  that  was  connected  in  parallel 
with  the  manometer  on  the  helium  input  side  of  the  system.  If  a 
vacuum  of  better  than  5  mm.  of  mercury  could  be  held  for  several 
minutes  after  the  pump  was  shut  down,  the  system  was  consid¬ 
ered  leakproof,  and  helium  was  admitted  to  a  pressure  of  one  at¬ 
mosphere.  The  system  was  then  opened  and  the  flow  of  helium 
was  adjusted  to  25  to  35  cc.  per  minute.  The  absorption  tubes 
were  removed  for  weighing,  and,  during  this  weighing  period,  the 
furnace  was  given  a  preliminary  bake-out  by  holding  the  graph¬ 
ite  crucible  at  850°  C.  The  absorption  tubes  were  then  replaced 
in  the  analytical  train,  and  the  bake-out  was  continued  at  650  °  to 
750°  C.  The  absorption  tubes  were  weighed  after  each  3  liters  of 
helium  had  flowed  through  the  system.  When  the  carbon  and 
hydrogen  determination  was  low  and  constant  for  two  or  more 
weighings,  the  heating  was  discontinued,  and  the  furnace  was 
cooled. 

For  the  purpose  of  determining  the  probable  blank  correction, 
the  dry  furnace  was  opened  to  the  atmosphere  for  the  duration  of 
time  that  is  usually  required  to  load  a  sample.  After  assembling 
the  apparatus  again,  the  bake-out  to  a  low  and  constant  helium 
blank  was  repeated.  This  correction  represented  the  total  of  the 
carbon  and  hydrogen  that  remained  in  the  purified  helium  plus 
the  carbon  and  hydrogen  picked  up  by  atmospheric  contamina¬ 
tion  of  the  baked  furnace  parts. 

A  duplicate  set  of  absorption  tubes  was  made  available,  in  order 
that  the  helium  flow  need  not  be  interrupted  while  a  weight  deter¬ 
mination  was  in  progress. 

After  the  blank  had  been  determined,  the  furnace  was  opened 
and  charged  with  the  metal  to  be  analyzed.  About  30  grams  of 
metal,  in  the  form  of  6-mm.  rods,  were  set  into  the  crucible  con¬ 
centrically  around  the  steel,  helium-input  tube.  The  apparatus 
was  then  assembled,  tested  for  leaks,  and  baked-out  to  a  low 
“helium  blank”  at  a  temperature  75°  C.  below  the  melting  point 
of  the  metal. 

When  the  carbon  and  hydrogen  evolution  from  the  furnace  was 
low  and  constant,  the  metal  was  melted  by  raising  the  crucible 
temperature  to  800  °  C.  for  2  to  5  minutes.  The  flow  rate  of  he¬ 
lium  was  readjusted  to  compensate  for  the  greater  flow  resist¬ 
ance,  and  the  temperature  control  was  set  at  100°  C.  above  the 
melting  point  of  the  metal.  The  extraction  with  helium  was  con¬ 
tinued  until  the  carbon  and  hydrogen  pickup  in  the  absorption 
tubes  corresponded  to  that  observed  in  the  last  premelting  bake- 
out  period. 


DISCUSSION  OF  METHOD 

For  the  experimental  conditions  described  for  this  method,  the 
rate  of  extraction  of  hydrogen  can  be  represented  by  the  equation, 

L  =  1/k  log  a/a—x 

where  a  is  the  total  number  of  millimoles  of  hydrogen  per  100 
grams  of  metal  that  are  extracted  from  the  melt,  x  is  the  number 
of  millimoles  of  hydrogen  per  100  grams  of  metal  that  are  extracted 
after  passing  through  the  melt  L  liters  of  helium,  and  k  is  the  rate 
constant. 

The  rate  constant,  k,  for  each  alloy  is  nearly  independent  of  the 
helium  flow  rate  over  the  range  of  25  to  45  ml.  per  minute,  and  is 
insensitive  to  temperature  fluctuations  as  great  as  ±50°  C. 
Depending  on  the  alloy  composition,  k  has  numerical  values  of 
0.5  to  0.1,  with  pure  magnesium  having  the  greater  extraction 
rate. 

The  extraction  data  are  described  by  a  linear  rate  function 
only  when  the  blank  is  under  good  control — -that  is,  the  extent  of 
the  helium  purification  is  constant  and  no  extraneous  gas  evolu¬ 
tion  is  taking  place  as  a  result  of  the  reaction  of  magnesium  vapor 
with  adsorbed  water  on  the  furnace  walls.  This  latter  difficulty 
usually  manifests  itself  by  causing  deviations  from  linearity  of 
the  rate  function  in  the  earlier  stages  of  the  extraction  process. 
Variations  in  the  purity  of  the  helium  effect  smaller  but  yet  ap¬ 
parent  deviations  from  linearity  at  almost  any  stage  of  the  de¬ 
gassing  interval.  Where  neither  of  these  troubles  occurs,  the 
values  of  k  are  constant  to  ±2%  over  the  entire  range  of  the  ex¬ 
traction  period. 

The  kinetic  consideration  of  the  extraction  data  provides  an 
excellent  measure  of  the  extent  of  the  analytical  control  of  the  ex¬ 
periment.  It  has  been  observed  that  in  all  instances  where  the  ex¬ 
traction  of  hydrogen  progressed  in  the  theoretically  expected 
manner,  the  results  of  duplicate  determinations  of  hydrogen  and 
carbon  monoxide  agreed,  respectively,  to  ±1  and  ±  10%.  The 
extraction  of  water  vapor  or  carbon  dioxide  indicated  a  con¬ 
tamination  of  the  sample  surface  or  of  the  furnace  parts.  When 
these  gases  occurred  in  the  helium  extract,  the  inconsistency  of 
duplicate  determinations  could  be  assumed  without  any  further 
analysis  of  the  data. 

Method  II.  Vacuum  Extraction 

The  extraction  of  dissolved  gases  by  diffusion  from  the  molten 
metal  in  vacuo  has  served  as  the  basis  of  a  technique  for  the  gas 
analysis  of  several  metals  (4,  6,  IS,  15, 18).  Varying  claims  have 
been  made  for  the  validity  of  such  a  technique,  and  the  general 
consensus  of  opinion  favors  the  reliability  of  this  procedure. 

Winterhager  (19)  has  claimed  that  gases  can  be  extracted  from 
magnesium  and  zinc  during  sublimation  of  these  metals.  This 
study  has  confirmed  the  results  of  Winterhager  for  pure  magne¬ 
sium,  and  has  extended  the  application  of  the  vacuum  extraction 
method  to  the  analysis  of  magnesium  alloys. 

APPARATUS 

Furnaces.  The  two  types  of  furnaces  used  in  this  investiga¬ 
tion  are  illustrated  in  Figures  2  and  3. 

Figure  2  represents  a  modification  of  the  type  used  by  Winter¬ 
hager  (19).  The  design  was  such  that  an  appropriate  change  in 
the  stopcocks  could  effect  a  reversal  of  the  pumping  direction  for 
the  gases  being  removed  from  the  furnace.  An  induction  coil  was 
used  to  heat  the  metal,  which  was  held  in  a  porcelain  or  alumina 
boat.  Usually,  the  greater  part  of  the  magnesium  vapor  would 
condense  in  a  ring  on  the  porcelain  shield  2  to  5  cm.  beyond  the 
end  of  the  coil.  This  condensed  metal  was  resublimed  by  induc¬ 
tion  heating  of  this  originally  cold  furnace  zone.  The  pumping  di¬ 
rection  could  be  reversed  when  the  heating  zone  approached  either 
end  of  the  furnace,  and  hence,  the  metal  could  be  sublimed,  con¬ 
densed,  and  again  resublimed  as  often  as  desired. 
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Figure  2.  Winterhager  Type  of  Sublimation  Furnace  for  Degassing  Magnesium 


Winterhager  (19)  contended  that  this  resublimation  principle 
was  essential  to  degassing  magnesium  completely.  However, 
early  experience  with  the  furnace  of  Figure  2  demonstrated  that 
one  resublimation  was  sufficient  for  extracting  at  least  90%  of  the 
hydrogen  from  pure  magnesium.  This  observation  does  not  nec¬ 
essarily  contradict  Winterhager’s,  since  different  techniques  were 
practiced.  In  this  work,  the  more  rapid  induction  heating  and  a 
faster  pumping  rate  were  used,  as  compared  to  the  slower  resist¬ 
ance  furnace  heating  and  slower  pumping  rates  prevailing  in  Win¬ 
terhager’s  experiments. 

When  the  requirement  of  several  resublimations  had  been  elimi¬ 
nated,  the  use  of  this  Winterhager  type  of  furnace  was  aban¬ 
doned  in  favor  of  the  type  shown  in  Figure  3.  Most  of  the  work 
was  done  with  this  second  twin  combination  of  furnaces.  No  dif¬ 
ferences  of  results  were  observed  when  duplicate  samples  were 
analyzed  using  both  types  of  furnaces. 

The  vertical  type  of  furnace,  with  the  graphite  crucible,  was 
better  suited  for  handling  the  alloy  samples  that  melted  after 
partial  sublimation  of  the  magnesium  had  occurred.  The  one 
required  resublimation  could  be  made  easily  by  moving  the  in¬ 
duction  coil  around  the  initial  condensation  zone  above  the  lip  of 
the  crucible.  Moreover,  the  arrangement  that  permitted  the 
loading  of  duplicate  samples  at  the  same  time  in  the  twin  furnace 
tubes  was  effective  in  saving  half  the  time  required  for  duplicate 
determinations  with  the  old  type  of  furnace. 

Analytical  Apparatus.  The  analytical  apparatus  used  for 
the  collection  and  analyses  of  the  gases  extracted  from  the  metal 
was  designed  according  to  the  principles  recommended  by  Chip- 
man  and  Fontana  (4).  The  two-stage  mercury  pump  of  the  ap¬ 
paratus  unit  was  of  the  type  described  by  Naughton  and  Uhhg 
(11).  The  accuracy  and  precision  of  analysis  of  gases  with  this 
system  were  the  same  as  described  by  the  former  authors  for  a 
similar  type  of  apparatus.  The  minor  modifications  in  design  of 
this  unit  are  apparent  if  Figure  4  is  compared  with  the  illustra¬ 
tions  given  in  the  paper  of  Chipman  and  Fontana  (4). 

PROCEDURE 


When  the  furnace  had  been  vacuum- 
conditioned,  the  stopcocks  of  the 
analytical  system  were  adjusted  so  that 
the  mercury  pump  would  transfer  gases 
from  the  furnace  into  the  storage  volume 
of  the  apparatus.  A  blank  determina¬ 
tion  was  then  made,  wherein  the  crucible 
was  given  the  same  heating  schedule 
that  would  prevail  in  the  degassing 
of  a  metal  sample.  The  usual  blank 
correction  had  the  magnitude  of  0.005 
to  0.01  millimole  of  gas  of  the  ap¬ 
proximate  composition  of  80%  CO, 
15%  N2,  3%  H2,  and  2%  C02. 

Experiments  were  made  wherein  the 
blank  determination  was  repeated  after 
the  furnace  was  filled  with  dry  air  and  opened  to  the  atmosphere 
for  the  duration  of  time  required  to  load  a  sample.  On  all  except 
very  humid  days,  this  second  blank  determination  differed  less 
than  20%  from  the  first.  In  many  instances,  no  blank  correc¬ 
tion  was  recorded  for  hydrogen,  but  invariably,  a  correction 
was  necessary  for  carbon  monoxide  and  nitrogen. 


With  the  mercury  pump  discharging  into  the  fore  pump,  the 
analytical  system  and  vacuum  furnace  were  evacuated  to  a 
McLeod  gage  pressure  of  10~4  mm.  of  mercury,  or  less.  During 
the  pumping  operation,  the  copper  oxide  furnace  was  heated  at 
475  °  C.  If  the  analytical  equipment  had  been  opened  recently  to 
the  atmosphere,  a  mild  flaming  of  the  glass  with  a  hand  torch 
speeded  the  attainment  of  good  vacuum.  Considerable  time  was 
saved  in  this  pumping  operation  if  the  silica  and  porcelain  furnace 
parts  were  baked  at  800°  C.  for  several  hours  and  the  graphite 
crucibles  were  given  a  vacuum  bake-out  at  2500°  C.  before  the 
furnace  was  assembled  and  connected  to  the  analytical  system. 
The  spherical  joints  through  which  the  furnaces  were  connected 
to  the  analytical  system  were  backed  with  picein  wax  whenever 
it  became  apparent  during  the  pumping  operation  that  the  vac¬ 
uum  grease  was  not  providing  an  effective  seal  against  leakage. 

When  the  apparatus  had  been  tested  for  vacuum  tightness,  the 
graphite  crucible  in  the  furnace  was  heated  with  the  induction 
coil  until  the  mercury  pump  could  maintain  a  pressure  of  less 
than  10  ~4  mm.  on  the  furnace  side  of  the  apparatus  when  the  cru¬ 
cible  was  held  at  orange  heat  (about  750 0  to  850 °  C.).  (This  pro¬ 
cedure  describes  only  the  use  of  the  vertical  type  of  furnace  that 
contained  the  graphite  crucibles.  When  the  Winterhager  type  of 
furnace  was  used,  a  high-temperature  bake-out  of  the  furnace 
parts  before  assembly  was  sufficient  to  control  a  low  blank.) 


The  samples  were  handled  in  the  most  convenient  form  of  cast 
or  machined  rods  of  0.5-  to  1.0-cm.  diameter.  The  samples  were 
degreased  with  benzene,  dried  in  a  blast  of  warm  air,  and  polished 
to  brightness  with  aluminum  oxide  cloth.  During  the  polishing 
operation,  and  in  subsequent  manipulations,  the  sample  was 
handled  with  metal  tongs  or  with  a  piece  of  dry  paper.  The 
cleaned  samples  could  be  stored  indefinitely  over  Ascarite  or  mag¬ 
nesium  perchlorate  without  changing  the  analysis;  however,  an 
atmospheric  exposure  of  only  a  few  minutes  could  cause  higher 
results  for  hydrogen.  Consequently,  after  the  sample  had  been 
polished,  it  was  loaded  immediately  into  the  furnace  or  trans¬ 
ferred,  while  still  warm  from  the  polishing,  to  a  sealed  desiccator. 

With  the  metal  charge  in  the  furnace,  the  crucible  was  heated 
by  induction  to  a  dull  red  glow  (650°  to  750°  C.),  and  the  gases 
evolved  from  the  metal  were  pumped  into  the  storage  system  of 
the  analytical  apparatus.  The  heating  was  continued  until  gas 
evolution  ceased.  This  required  2  to  3  minutes  of  heating  time 
for  pure  magnesium  and  up  to  10  minutes  for  the  magnesium- 
aluminum  alloys.  The  progress  of  the  degassing  was  followed 
by  measuring  the  pressure  on  the  storage  system.  When  no  in¬ 
crease  of  pressure  followed  after  continued  heating  of  the  cru¬ 
cible,  the  induction  coil  was  raised  to  surround  the  furnace  cold 
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Figure  4.  Apparatus  for  Vacuum  Extraction  and  Analysis  of  Gases  in  Magnesium  Alloys 


zone  above  the  crucible,  and  the  heating  was  continued  at  that 
point  until  no  more  gas  evolution  could  be  detected.  The  coil  was 
moved  further  up  the  furnace  tube,  and  the  same  procedure  of 
heating  the  magnesium  condensate  was  repeated.  Finally,  the 
coil  was  returned  to  the  original  position  around  the  crucible, 
and  the  alloy  residue  was  heated  again  in  order  to  test  the  com¬ 
pleteness  of  the  degassing.  When  the  gas  extraction  was  com¬ 
plete,  the  stopcock,  separating  the  furnace  from  the  analytical 
system,  was  closed,  and  an  analysis  was  made  of  the  gases  con¬ 
tained  in  the  storage  volume. 

The  procedure  of  analysis  used  in  these  experiments  is  described 
adequately  by  other  authors  (4, 18). 
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earlier  analyses  of  the  alloys  were 
invalidated  because  these  factors 
were  not  recognized  at  that  time. 

Method  III.  Electrical 
Degassing 

In  recent  years,  a  few  investiga¬ 
tors  have  claimed  considerable 
success  for  an  electrical  degassing 
procedure  as  the  basis  of  an  ana¬ 
lytical  method  for  gases  in  metals. 
The  method  has  been  tried  for  mag¬ 
nesium  (2),  aluminum  (9,  17), 
iron  (9),  tantalum  (14),  and  palla¬ 
dium  (14).  Most  of  these  results 
are  in  serious  disagreement  with 
those  obtained  by  the  conventional 
vacuum  extraction  methods.  Some 
of  these  investigators  have  assumed 
that  the  electrical  degassing  tech¬ 
niques  yielded  more  correct  results 
than  the  extraction  methods.  This 
assumption  has  been  questioned  on 
theoretical  grounds  (5),  but  no  ex¬ 
perimental  work  has  been  reported 
either  to  prove  or  disprove  the  claims 
of  the  greater  validity  of  the  results 
of  the  electrical  degassing  method. 
The  work  of  this  laboratory  makes  it 
possible  to  clarify  the  status  of  this 
method,  at  least  in  so  far  as  it  is  applied  to  magnesium. 

The  principal  technique  of  the  method  involves  the  degassing 
of  a  metal  sample  by  making  it  the  cathode  in  a  vacuum  dis¬ 
charge  tube.  The  theoretical  reasons  for  the  effectiveness  of  this 
procedure  are  not  clear.  Chaudron  (8)  has  advanced  the  expla¬ 
nation  that  bombardment  of  the  cathode  with  mercury  ions  in¬ 
duces  an  ionization  of  the  gas  atoms  within  the  surface  layers  of 
the  metal,  and  that  the  ionized  gases  are  then  drawn  from  the 
metal  by  the  high  potential  field  between  the  electrodes.  The 
discharge  tube  is  evacuated  continuously  during  the  “ion  bom- 


DISCUSSION  OF  METHOD  II 

From  the  viewpoint  of  speed  and  precision,  the  vacuum  extrac¬ 
tion  method  is  the  most  desirable  for  routine  measurements. 
This  procedure  has  the  advantage  that  samples  as  large  as  10 
grams  can  be  handled  conveniently.  The  use  of  large  samples 
minimizes  the  errors  that  are  the  result  of  imperfect  cleaning  of 
the  sample  or  of  inhomogeneity  of  the  sample  material. 

The  extraction  of  gases  from  pure  magnesium  is  rapid — that  is, 
about  2  to  3  minutes  of  heating  at  600°  C.  are  sufficient  for  the 
complete  degassing  of  the  metal.  On  the  other  hand,  the  diffi¬ 
culty  of  extraction  of  gases  from  the  alloys  increases  with  increas¬ 
ing  aluminum  content,  and  about  10  to  15  minutes  of  heating  at 
€50*  to  750°  C.  are  required  for  the  complete  degassing  of  alloys 
such  as  Dowmetal  O  alloy  (8.5%  Al,  0.5%  Zn,  0.3%  Mn)  and 
the  magnesium-aluminum  compound  (Mg^Al^).  The  removal 
of  the  last  quantities  of  gas  from  the  alloys  is  so  slow  that  it  can 
be  confused  with  the  blank  degassing  of  the  furnace  if  the  blank 
is  not  known  with  a  high  degree  of  accuracy.  Consequently, 
when  working  with  the  alloys,  it  is  important  that  the  blank 
should  be  low  and  should  be  known  with  a  higher  degree  of  ac¬ 
curacy  than  is  necessary  for  the  analysis  of  pure  magnesium.  The 
longer  heating  period  required  for  degassing  the  high  aluminum 
alloys  tends  to  aggravate  the  difficulties  of  the  blank  evaluation, 
and,  hence,  a  very  thorough  vacuum  conditioning  of  the  furnace 
is  required  before  charging  the  metal  into  the  crucible.  Many 


Figure  5.  Discharge  Tube  for  Electrical  Extraction  of  Gases  from 
Magnesium  Alloys 
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bardment”  process,  and  the  gases  are  col¬ 
lected  for  analysis  in  a  suitable  appa¬ 
ratus. 


APPARATUS 

Discharge  Tube.  The  structural  de¬ 
tails  of  the  discharge  tube,  together  with 
its  circuit  diagram,  are  given  in  Figure 
5. 


The  anodes  were  constructed  by  drawing 
conical  buttons  of  8-mm.  maximum  diam¬ 
eter  and  10-mm.  depth  from  2.5-mm.  nickel 
sheet,  and  welding  these  buttons  to  support 
rods  that  were  machined  from  the  same 
sheet  stock.  The  cathode,  sample-holding 
clip  consisted  of  two  parallel  1.5-cm.  square 
plates  of  2.5-mm.  nickel  sheet,  held  to¬ 
gether  by  adjustable  Monel  screws  at  each 
corner  of  the  clip.  One  of  the  plates  was 
welded  to  a  nickel  support  rod.  A  1.2-cm. 
hole  was  drilled  through  the  center  of  the 
plates  in  order  to  allow  for  maximum 
exposure  of  the  sample  that  could  be 
fastened  within  the  clip.  The  Pyrex-metal 
seals  at  the  electrodes  were  made  over 
tungsten  lead  wires  that  were  welded  to 
the  electrode  support  rods. 


The  large  ground-glass  joint  in  the  neck  of  the  tube  was  very 
convement  for  loading  the  sample,  and  it  has  been  used  in  all  ap¬ 
paratus  units  of  this  type  that  are  described  in  the  literature 
(5,  17)  However,  this  convenience  can  be  the  cause  of  serious 
errors  that  result  from  the  uncontrolled  bombardment  of  the 
vacuum  grease  in  the  joint  by  stray  ions  or  electrons.  The  quan- 
&as  evolved  from  decomposition  of  the  lubricant  can  ex- 
ceed  the  quantity  derived  from  the  metal.  This  extraneous  gas 
evolution  was  found  to  increase  during  the  discharge  period  as 
the  pressure  in  the  tube  dropped  and  the  applied  voltage  was  in¬ 
creased.  Minimum  interference  from  this  source  was  prevalent 
m  the  early  stages  of  the  bombardment  when  the  gas  evolution 
from  the  sample  was  greatest.  It  is  probable  that  the  extremely 
high  results  obtained  by  the  French  workers  (2,  9)  for  magne¬ 
sium  and  aluminum  were  caused  by  this  interference.  Studies 
of  chemical  reactions  in  a  quiet  electrical  discharge  (7)  support  the 
predictions  that  most  of  the  gas  evolved  from  bombardment  of 
the  lubricant  should  be  hydrogen;  consequently,  the  fact  that 
mostly  hydrogen  is  evolved  during  the  discharge  process  presents 
no  strong  argument  that  the  gas  is  derived  from  the  metal. 

The  results  of  Schmid  and  Schweinitz  {17)  for  aluminum 
seemed  more  reliable  than  those  of  Chaudron  and  co-workers 
(5>  14)-  The  technique  of  the  German  investigators  was  such 
that  the  bombardment  was  discontinued  after  the  early  period 
of  rapid  degassing  of  the  metal  had  been  completed.  The  errors 
of  extraneous  gas  evolution  are  at  a  minimum  during  these  first 
stages  of  the  bombardment;  however,  such  a  practice  fails  to 
effect  a  complete  degassing  of  the  metal.  This  point  was  not 
made  clear  by  the  data  of  Schmid  and  Schweinitz,  principally  be¬ 
cause  the  quantity  of  gas  in  aluminum  was  so  small  that  the 
probable  incompleteness  of  degassing  was  obscured  by  the  blank 
correction.  The  same  technique  applied  to  magnesium  caused 
errors  in  the  direction  of  giving  results  that  obviously  could  be 
attributed  to  incomplete  degassing  of  the  metal.  The  more  dras¬ 
tic  ion  bombardment  conditions,  as  recommended  by  the  French 
workers,  were  essential  to  effect  a  near-complete  degassing  of  mag¬ 
nesium,  and  these  conditions  introduced  the  maximum  trouble 
in  the  control  of  the  blank. 

In  this  work,  the  problem  was  minimized  by  using  a  metallic 
shield  to  protect  the  lubricated  joint  from  ion  or  electron  bom¬ 
bardment.  This  was  found  to  be  a  more  convenient  solution  to 
the  problem  than  the  other  alternative  of  eliminating  the  use  of 
the  lubricated  joint  in  the  apparatus.  Aluminum  foil  was  coiled 
around  the  inner  walls  of  the  neck  of  the  tube  so  as  to  fit  closely 
around  the  greased  edge  of  the  lubricated  joint.  This  type  of 
shielding  reduced  the  blank  to  more  reasonable  proportions. 
Without  the  shielding,  the  blank  correction  could  be  50  to  70%  of 


the  total  gases  evolved  during  the  discharge  process,  whereas 
with  shielding,  the  blank  correction  seldom  exceeded  10  to  20% 
of  the  total  gas  quantity. 

Analytical  Apparatus.  The  analytical  apparatus,  with  the 
attached  discharge  tube,  is  shown  in  Figures  6  and  7. 

When  all  the  mercury  cutoffs  had  been  opened,  the  whole  ana¬ 
lytical  system  could  be  evacuated  through  the  glass  tubing  ahead 
of  cutoff  Ml.  The  pump  system  used  for  this  purpose  consisted 
of  a  Distillation  Products,  Inc.,  two-stage,  oil  condensation  pump 
in  series  with  a  Cenco  Megavac  mechanical  pump.  The  two-way 
stopcock,  in  front  of  the  discharge  tube,  made  it  possible  to  make 
or  break  the  vacuum  on  the  tube  without  disturbing  the  vacuum 
conditions  of  the  analytical  system.  The  mercury  in  the  cutoffs 
was  controlled  by  opening  the  stopcocks  on  the  mercury  reservoirs 
either  to  a  rough  vacuum  or  to  the  atmosphere. 

The  mercury  reservoir,  R5,  on  the  small  mercury  pump  was 
desirable  in  that  the  mercury  could  be  removed  from  the  pump 
boiler  during  the  period  when  the  apparatus  was  heated  in  order 
to  speed  its  vacuum  conditioning.  With  the  pumps  in  operation, 
this  heating  was  accomplished  with  the  soft  flame  of  a  hand  torch. 
The  drastic  bake-out  technique  recommended  by  other  workers 
{13)  was  not  followed,  since  it  was  discovered  that  such  a  tech¬ 
nique  did  more  harm  than  good  by  conditioning  the  glass  as  a 
good  adsorbent  for  gases.  The  more  desirable  technique  of  vac¬ 
uum  conditioning  involves  milder  heating  and  a  longer  period  of 
pumping. 

The  procedure  of  operating  the  apparatus  was  as  follows: 

When  a  vacuum  of  better  than  10  ~6  mm.  of  mercury  (as  meas¬ 
ured  by  the  McLeod  gage,  (?)  had  been  attained  by  vacuum-condi¬ 
tioning  the  system,  cutoffs  Ml,  M2,  and  M3  were  closed  and  the 
small,  two-stage  mercury  pump,  P,  was  put  into  operation  by 
heating  the  boiler  with  a  microburner.  The  mercury  pump  trans¬ 
ferred  gases  from  the  discharge  tube,  D,  to  the  storage  bulb  of  the 
Toepler  pump,  C.  When  the  Pirani  gage,  A,  indicated  a  rising 
pressure  on  the  low-pressure  side  of  pump  P,  the  Toepler  pump 
was  operated  to  decrease  the  fore  pressure  by  transferring  the 
gases  into  the  closed  volume  between  cutoffs  M2  and  M3.  The 
cold  copper  oxide  furnace,  B,  was  a  part  of  this  storage  volume 
[Experiments  with  known  gas  mixtures  demonstrated  that  no  se¬ 
rious  adsorption  errors  were  caused  by  the  use  of  the  copper  oxide 
furnace  to  store  the  gases  before  analysis.  When  the  prior  bake- 
out  of  the  copper  oxide  was  severe  (at  temperatures  above 
475°  C.),  a  small  tendency  for  adsorption  of  the  oxides  of  carbon 
was  demonstrated.  ] 

The  use  of  the  Toepler  pump  and  mercury  pump  was  continued 
until  the  Pirani  gage,  A,  indicated  that  a  limiting  vacuum  had 
been  attained  on  the  low-pressure  side  of  the  mercury  pump 
Cutoff  M6  was  then  closed,  the  mercury  pump  was  cooled,  the 
collected  gases  were  expanded  through  the  known  volume  of  the 
analytical  apparatus  between  cutoffs  Ml  and  M6,  and  the  pres¬ 
sure  on  the  system  was  measured  with  the  McLeod  gage.  The 
gas  temperature  was  assumed  to  be  equal  to  the  room  temperature 
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and  the  volume  of  the  apparatus,  calibrated  in  the  manner  de¬ 
scribed  by  Norton  and  Marshall  (IS),  was  known  to  be  1350  ±15 
cc.  With  these  data,  the  number  of  millimoles  of  gases  in  the 
system  could  be  calculated  from  the  gas  laws. 

For  the  purpose  of  analysis,  the  mercury  pump  was  used  to  cir¬ 
culate  the  gases  through  the  liquid  air-cooled  trap  both  when 
the  copper  oxide  furnace  was  cold  and  when  it  was  heated  to 
350°  C.  The  first  circulation,  with  the  copper  oxide  cold,  re¬ 
moved  the  liquid  air-condensable  fraction  of  the  gas,  which  con¬ 
sisted  mostly  of  carbon  dioxide.  The  second  circulation  removed 
the  hydrogen  and  carbon  monoxide,  and  left  a  residue  of  non¬ 
condensable  gas  which  was  assumed  to  be  nitrogen.  After  each 
circulation  process,  the  pressure  of  the  residual  gases  was  meas¬ 
ured  under  the  conditions  described  above. 

When  the  two  circulation  processes  had  been  completed,  the 
liquid  air  bottle  was  replaced  by  another  bottle  containing  a  mix¬ 
ture  of  solid  carbon  dioxide  and  acetone.  After  allowing  a  few 
minutes  for  temperature  equilibrium  to  establish  itself  in  the 
cold  trap,  L,  the  pressure  on  the  analytical  system  was  measured. 
It  was  assumed  that  the  increase  of  pressure  was  the  result  of  the 
complete  vaporization  of  carbon  dioxide  from  the  cold  trap,  and 
that  this  pressure  was  equal  to  the  initial  sum  of  the  partial  pres¬ 
sures  of  carbon  monoxide  and  carbon  dioxide.  The  data  were 
then  sufficient  to  compute  the  composition  of  the  gases  in  carbon 
dioxide,  nitrogen,  carbon  monoxide,  and  hydrogen.  These  data 
were  sufficient  for  the  calculation  because  no  water  was  found  in 
any  of  the  gas  mixtures  that  were  analyzed.  If  water  had  been 
present  initially,  this  variable  could  have  been  accounted  for  by 
one  more  measurement — namely,  warming  the  cold  trap  to  room 
temperature  and  measuring  the  increase  of  pressure  resulting 
from  total  water  vaporization  by  means  of  the  calibrated  Pirani 
gage.  This  operation  was  performed  a  sufficient  number  of  times 
to  establish  that  no  water  was  evolved  during  the  ion  bombard¬ 
ment  process. 

PROCEDURE 

Sample  Preparation.  The  samples  were  cut  from  1-  to  4-mm. 
sheets  to  the  approximate  rectangular  dimensions  of  20  X  50  mm. 
Where  sheet  stock  was  unavailable,  the  samples  were  either  ma- 
chined  or  etched  to  these  approximate  dimensions.  A  suitable 
etchant  was  provided  by  a  3-molar  solution  of  hydrochloric  acid. 
The  samples  either  were  abraded  to  brightness  with  aluminum 
oxide  cloth  or  were  baked  at  350°  to  400°  C.  for  several  hours  be¬ 
fore  they  were  loaded  into  the  discharge  tube.  Samples  treated 
by  the  latter  procedure  usually  gave  higher  results  for  the  oxides 
of  carbon,  but  the  results  for  hydrogen  were  the  same  in  both  in¬ 
stances  for  samples  that  otherwise  had  received  identical  treat¬ 
ments. 

Degassing  the  Sample.  The  tube 
was  given  a  preliminary  degassing  by 
maintaining  the  discharge  between  the 
anodes  and  the  empty  sample  clip, 
while  the  gases  were  evacuated  con¬ 
tinuously  through  the  oil  condensa¬ 
tion  pump  and  fore  pump.  The  first 
glow  discharge  was  started  easily  at  a 
potential  of  10  kv.  and  a  current  of  8 
to  10  ma.  This  discharge  could  be 
maintained  at  this  amperage  for  20  to 
30  minutes  if  the  applied  potential  was 
raised  gradually  to  20  kv.  When  gas 
evolution  from  the  electrodes  had 
ceased,  sparking  began  to  occur  and  a 
steady  glow  discharge  could  not  be 
maintained  without  increasing  the 
power  input  to  the  point  where  the 
overheating  of  the  anodes  endangered 
the  glass-metal  seals  at  the  electrodes. 

When  this  condition  prevailed,  the  dis¬ 
charge  was  stopped  and  the  tube  was 
allowed  to  cool.  For  the  next  several 
hours  a  glow  discharge  could  not  be 
started  in  the  cold  tube  even  by  apply¬ 
ing  a  potential  up  to  100  kv.  However, 
after  a  rest  period  of  24  to  48  hours, 
the  glow  discharge  could  be  started 
again  by  raising  the  potential  to  60  to 
80  kv.  Once  started,  the  discharge 
glow  could  be  maintained  at  8  to  12 
ma.  by  an  applied  potential  of  20  kv. 

Sometimes  it  was  necessary  to  heat 
the  anodes  to  redness  by  prolonged 
sparking  at  high  potentials  before  the 
quiet  discharge  could  be  started.  The 
gas  evolution  from  the  tube  was  negligi¬ 


ble  during  this  period  of  sparking,  and  it  increased  to  a  maximum 
during  the  first  5  minutes  of  the  quiet  discharge.  After  a  time  the 
gas  evolution  again  decreased  to  a  minimum  value,  which  coincided 
with  the  condition  where  the  glow  discharge  could  not  be  main¬ 
tained  at  a  reasonable  power  input.  The  procedure  of  repeating 
the  glow  discharge  treatment  and  successive  rest  periods  was 
continued  until  a  limiting  condition  was  realized  wherein  the  dis¬ 
charge  could  not  be  started  at  potentials  up  to  100  kv.  even  after 
72  hours  had  elapsed  since  the  last  operating  period.  In  this 
series  of  treatments,  each  successive  glow  discharge  period  was  of 
shorter  duration  until  the  final  limiting  state  was  reached  where 
the  proper  type  of  operation  could  not  be  maintained  at  all  under 
high  vacuum  conditions. 

When  this  limiting  state  had  been  attained,  the  discharge  tube 
was  flushed  with  dry  air,  opened,  and  the  sample  was  fixed  into 
the  cathode  clip.  The  procedure  for  degassing  the  sample  was  the 
same  as  that  which  was  used  for  conditioning  the  discharge  tube, 
except  that  the  evolved  gases  were  collected  in  the  analytical  ap¬ 
paratus  instead  of  being  discharged  through  the  pumps.  An  analy¬ 
sis  was  made  of  the  gas  recovered  in  each  ion  bombardment 
period. 

The  number  of  ion  bombardment  periods  required  to  degas  a 
sample  depended  on  the  sample  thickness.  About  two  bombard¬ 
ments  with  an  intervening  24-hour  rest  period  were  sufficient  for 
samples  of  1.0-  to  1.5-mm.  thickness,  while  samples  of  3-  to  4-mm. 
thickness  required  four  or  five  treatments  at  24-hour  intervals. 
Each  successive  discharge  could  be  started  more  easily  if  suffi¬ 
cient  nitrogen  was  flushed  back  into  the  discharge  tube  to  raise 
the  pressure  to  0.001  to  0.01  mm.  of  mercury.  When  the  dis¬ 
charge  had  started,  the  evacuation  of  the  tube  was  begun,  and 
the  discharge  would  be  steady  as  long  as  gas  was  evolved  from  the 
sample.  When  the  sample  had  been  degassed  to  near  completion 
by  prior  ion  bombardment  treatments,  the  glow  discharge  could 
not  be  sustained  when  the  original  quantity  of  gas  that  had  been 
flushed  into  the  tube  was  removed.  This  behavior  provided  a 
practical  test  for  the  completeness  of  the  degassing  of  the  metal 
sample.  Of  course,  this  observation  applied  only  to  the  tubes 
wherein  the  organic  lubricant  of  the  ground  joint  was  shielded. 
In  the  other  instance,  the  glow  discharge  could  be  sustained  by 
continuous  gas  evolution  from  the  grease  even  after  the  sample 
had  been  degassed. 

Blank  Determination.  The  discharge  tube  containing  the 
degassed  sample  was  opened  to  the  atmosphere  for  the  length  of 
time  that  is  usually  required  to  load  a  new  sample.  After  the  tube 
had  been  reassembled  and  evacuated,  it  usually  was  possible  to 
start  and  maintain  the  discharge  glow  for  several  minutes.  This 
one  ion  bombardment  period  was  all  that  could  be  sustained  be¬ 
fore  the  limiting  degassed  state  of  the  tube  was  restored.  The 
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magnitude  of  the  blank  corrections  was  0.003  to  0.005  millimole 
of  hydrogen,  0.0005  to  0.001  millimole  of  nitrogen,  and  0.001  to 
0.005  millimole  of  the  oxides  of  carbon. 

The  blank  for  each  component  was  also  determined  indirectly 
by  a  graphical  method  wherein  the  sample  weight  was  plotted  as 
a  function  of  the  quantity  of  the  gas  that  was  evolved  from  the 
discharge  process.  The  blank  was  estimated  by  extrapolating 
the  curve  for  each  component  of  the  gas  mixture  to  zero  sample 
weight. 


Method  IV.  Combustion 

In  this  procedure,  the  metal  was  burned  in  pure  oxygen,  and 
the  water  and  carbon  dioxide  liberated  were  absorbed  by  mag¬ 
nesium  perchlorate  and  Ascarite,  respectively.  The  principle 
of  the  method  is  simple,  and  it  has  been  tried  with  varying 
success  on  several  of  the  heavier  metals  (10,  18).  The  tech¬ 
nique,  however,  presented  numerous 
difficulties,  and  required  a  high  de¬ 
gree  of  refinement  in  its  manipulation. 
The  application  of  this  method  to  the 
analysis  of  magnesium  is  described 
nowhere  in  the  literature. 


The  calculated  and  experimentally  observed  blank  corrections 
differed  by  20  to  50%.  This  uncertainty  of  the  blank  correction 
is  the  principal  fault  of  the  method. 

DISCUSSION  OF  METHOD  III 

The  study  of  the  ion  bombardment  method  was  discontinued 
when  it  became  apparent  that  this  procedure  could  not  be  devel¬ 
oped  into  a  convenient  analytical  technique.  There  is  a  possi¬ 
bility  that  research  concerned  with  the  electrical  characteristics 
of  discharge  tubes  could  suggest  modifications  that  would  make 
the  method  more  desirable.  These  modifications  should  make 
possible  the  complete  degassing  of  the  sample  in  one  short  dis¬ 
charge  period.  The  question  of  bringing  the  blank  under  better 
control  presents  another  serious  problem.  The  method,  as  it  is 
now  developed,  provides  an  excellent  degassing  technique  that  is 
nondestructive  of  the  sample;  however,  it  cannot  be  recom¬ 
mended  as  a  good  analytical  method  for  the  gases  contained  in 
the  metal.  From  the  viewpoints  of  convenience  and  accuracy,  it 
compares  unfavorably  with  the  vacuum  extraction  method. 

The  requirement  of  repeated  ion  bombardments  with  inter¬ 
vening  rest  periods,  as  claimed  by  the  French  workers  (8,  9),  ap¬ 
pears  to  be  justified.  Such  a  requirement  would  have  a  reason¬ 
able  explanation  in  the  assumption  that  ion  bombardment  cleans 
up  the  surface  layers  of  the  metal,  and  that  these  surface  layers 
must  be  replenished  by  gas  diffusion  from  within  the  metal  before 
further  degassing  can  occur.  The  observed  fact  that  the  speed  of 
degassing  varies  inversely  with  the  sample  thickness  seems  to 
make  the  diffusion  assumption  reasonable.  - 

In  general,  this  work  has  shown  that  the  techniques  of  neither 
the  French  (2,  S)  nor  the  German  (17)  investigators  could  be 
applied  to  the  analysis  of  magnesium.  The  former  were  in  error 
because  of  their  failure  to  control  the  blank,  whereas  the  latter 
used  a  technique  which  minimized  the  blank,  but  resulted  in  in¬ 
complete  gas  extraction. 


APPARATUS 

A  diagram  of  the  apparatus  is  illus¬ 
trated  in  Figure  8.  The  following 
specifications  have  been  developed  for 
the  units  of  the  apparatus: 

A.  The  combustion  tube  for  burn 
ing  the  metal  was  made  of  Pyrex- 
Vyeor  tubing,  as  follows:  A  320-mm. 
length  of  25-mm.  inside  diameter  tub¬ 
ing  was  sealed  to  a  300-mm.  length 
of  carbon  and  hydrogen  microtubing. 
The  latter  was  10  mm.  in  inside  diam¬ 
eter  and  had  a  30-mm.  length  of  3-mm. 
outside  diameter  tubing  on  the  exit 
end.  About  25  mm.  from  the  open 
end  of  the  large  tube,  there  was  placed 
a  side  arm  of  3-  to  5-mm.  outside 
diameter  tubing  for  admitting  oxygen. 
The  large  end  of  the  combustion  tube 
was  closed  with  an  aluminum  foil- 
covered  rubber  stopper. 

The  combustion  tube,  beginning  at  the  small  end,  was  filled 
with  10  mm.  of  silver  wool,  3  mm.  of  asbestos  plug,  70  mm.  of 
silver  wool,  2  mm.  of  asbestos  plug,  150  mm.  of  copper  oxide,  and 
finally  another  plug  of  asbestos  to  hold  the  copper  oxide  in  place. 
This  filling  was  different  from  the  usual  micro  carbon  and  hydro¬ 
gen  filling,  in  that  the  lead  dioxide  was  replaced  with  silver  wool. 
The  copper  oxide  was  heated  to  650°  C.  in  a  microfumace.  The 
20-  to  30-mm.  portion  of  silver  wool  that  is  next  to  the  copper  oxide 
was  heated  in  the  same  furnace  to  a  probable  temperature  of  500  ° 
to  600°  C.  The  remainder  of  the  silver  wool  was  heated  to 
177 0  C.  by  a  constant-temperature  mortar  that  was  placed  between 
the  microfurnace  and  the  end  of  the  combustion  tube. 

B.  About  12-cm.  lengths  of  magnesia  tubes  (obtained  by  spe¬ 
cial  order  from  the  Massilon  Refractory  Company,  Massilon, 
Ohio)  of  2.5-cm.  outside  diameter  and  1.5-cm.  inside  diameter 
were  used  as  containers  for  holding  the  metal.  Alundum  or  nickel 
boats  that  were  coated  with  magnesium  oxide  were  used  for  the 
same  purpose  in  a  few  experiments;  however,  the  magnesia  tubes 
gave  smaller  blanks  and  afforded  greater  protection  to  the  com¬ 
bustion  tube  during  the  burning  of  the  metal.  Consequently,  use 
of  magnesia  tubes  was  preferable  even  though  they  were  costly 
and  very  fragile. 

C.  The  standard  types  of  carbon  and  hydrogen  absorption 
microtubes  were  used  for  collecting  water  and  carbon  dioxide. 
These  tubes  were  filled  with  magnesium  perchlorate  and  Ascarite^ 

D.  The  oxygen  was  purified  by  passing  the  gas  through  a  train 
containing  in  series  a  copper  oxide  furnace  (at  700°  C.)  and  U- 
tubes  filled,  respectively,  with  Ascarite  and  magnesium  perchlo¬ 
rate.  The  last  U-tube  was  connected  to  the  side  arm  of  the  com¬ 
bustion  tube  with  a  short  length  of  rubber  tubing.  The  rate  of 
gas  flow  was  measured  by  displacement  of  water  from  a  Mariotte 
bottle  connected  to  the  end  of  the  analytical  train. 

PROCEDURE 

A  10-cm.  length  of  rolled  platinum  gauze  was  inserted  into  the 
magnesia  tube  that  was  to  be  used  for  holding  the  metal,  and 
small  pieces  of  magnesia  were  inserted  loosely  into  each  open  end 
of  the  tube  to  serve  as  baffles.  With  the  platinum-loaded  mag¬ 
nesia  tube  in  the  center  of  the  combustion  furnace,  the  platinum 
was  heated  by  induction  to  a  temperature  of  700 0  to  800  °  C.  while 
pure  oxygen  was  passed  through  the  system.  (The  induction 
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coil  is  not  essential  to  the  use  of  this  procedure,  since  an  equiva¬ 
lent  amount  of  heating  can  be  performed  directly  with  the  oxygen 
torch.  Induction  heating  has  value  because  it  saves  considerable 
time  in  heating  of  the  combustion  tube  and  ignition  of  the  sam¬ 
ple.) 

After  several  minutes  of  this  type  of  heating,  the  induction  coil 
was  moved  to  the  cold  end  of  the  combustion  tube,  and  the  Vycor 
tube  in  the  hot-zone  area  was  heated  to  800°  to  900°  C.  with  an 
oxygen  torch.  When  the  furnace  had  cooled  to  300°  C.,  the  plati¬ 
num  gauze  was  replaced  by  a  2  to  3-gram  sample  of  the  magne¬ 
sium  alloy,  most  conveniently  handled  in  the  form  of  rods  0.5 
to  0.8  cm.  in  diameter.  Each  sample  was  polished  with  aluminum 
oxide  cloth  before  loading  into  the  furnace. 

When  the  sample  had  been  loaded  into  the  furnace,  the  weighed 
absorption  tubes  were  connected  into  the  analytical  train.  While 
the  furnace  was  heated  to  300°  to  400°  C.,  with  a  hand  torch, 
about  300  ml.  of  oxygen  were  passed  through  the  system  at  a 
rate  of  about  15  ml.  per  minute.  The  heating  was  then  discon¬ 
tinued,  and  700  ml.  more  of  oxygen  were  swept  through  the  fur¬ 
nace  in  order  to  clean  the  furnace  of  the  water  and  carbon  dioxide 
that  were  evolved  during  the  heating  period.  The  absorption 
tubes  were  removed,  wiped,  and  weighed  as  in  the  usual  technique 
for  carbon  and  hydrogen  microdeterminations.  The  heating  and 
sweeping  treatments  were  repeated  until  the  weight  gains  of  the 
absorption  tubes  were  less  than  0.08  and  0.03  mg.,  respectively, 
for  water  and  carbon  dioxide. 

When  this  low  blank  had  been  attained,  the  end  of  the  combus¬ 
tion  tube  was  plugged,  and  the  analytical  train  was  made  ready 
for  immediate  connection  to  the  combustion  tube.  The  hot  zone 
of  the  combustion  furnace  was  warmed  to  400  °  to  500  °  C.  with  a 
hand  torch,  and  then  the  induction  coil  was  moved  into  position 
and  the  metal  sample  was  heated  until  ignition  occurred.  The 
oxygen  consumption  was  rapid  during  the  brief  combustion  pe¬ 
riod  and  3  grams  of  metal  required  about  3000  ml.  of  oxygen. 
With  the  help  of  the  reservoir,  shown  in  Figure  8,  an  adequate 
rate  of  oxygen  feeding  could  be  maintained  by  temporary  re¬ 
adjustments  of  the  valve  at  the  tank  source. 

When  the  pressure  regulator  at  the  oxygen  source  indicated  that 
the  combustion  had  been  completed,  the  analytical  train  was  con¬ 
nected  to  the  furnace  tube,  and  the  system  was  swept  with 
250  ml.  of  oxygen  at  a  flow  rate  of  about  15  ml.  per  minute. 
During  this  period,  the  glass  of  the  furnace  in  the  vicinity  of  the 
combustion  zone  was  heated  to  700°  to  1000°  C.  with  an  oxygen 
torch.  As  the  furnace  was  allowed  to  cool,  another  1000  ml.  of 
oxygen  were  passed  through  the  combustion  tube  and  analytical 
train.  The  weight  gain  of  the  absorption  tubes  was  again  deter¬ 
mined  in  the  usual  manner. 

With  platinum  substituted  for  the  magnesium  metal,  a  blank 
determination  was  made  wherein  all  the  manipulations  described 
above  were  reproduced.  The  one  important,  nonreproducible 
variable  was  the  rapid  oxygen  consumption  during  combustion  of 
the  sample.  Where  the  purification  of  the  oxygen  is  insufficiently 
thorough,  this  variable  can  be  the  occasion  of  serious  random  er¬ 
rors  in  this  method.  Any  improvements  of  this  technique  would 
probably  bring  the  oxygen  purification  under  better  control. 


DISCUSSION  OF  METHOD  IV 

The  combustion  technique  did  not  provide  a  rapid  and  con¬ 
venient  analytical  method.  The  procedure  was  time-consuming 
and  even  minor  deviations  from  the  correct  technique  could  intro¬ 
duce  as  much  as  100%  variations  in  the  results  for  duplicate 
samples.  However,  when  the  recommended  manipulations  were 
!  adhered  to  carefully,  consistent  duplicate  results  were  derived 
from  several  determinations.  Where  such  internal  consistency  of 
the  combustion  data  prevailed,  the  results  invariably  were  in  fair 
agreement  with  other  methods.  Most  of  the  errors  of  the  com¬ 
bustion  technique  were  such  as  to  give  high  results  for  carbon  and 
hydrogen.  Consequently,  even  under  nonoptimum  operating 
conditions,  these  results  provide  a  maximum  limit  for  the  carbon 
and  hydrogen  that  should  be  determined  by  other  methods.  The 
knowledge  of  such  limits  makes  untenable  some  of  the  literature 
claims  for  the  very  high  gas  content  of  magnesium  {2,  20),  and 
also  increases  confidence  in  the  results  of  some  of  the  other  more 
precise  analytical  methods. 

Consistent  combustion  data  are  seldom  in  error  to  such  an  ex¬ 
tent  that  they  fail  to  define  the  correct  order  of  magnitude  of  the 
measured  quantities.  This  fact  makes  the  method  very  desirable 
*  as  a  check  on  the  results  of  the  extraction  techniques.  For  ex¬ 
ample,  the  combustion  method  made  possible  the  early  detection 


of  certain  subtle  constant  errors  in  the  vacuum  extraction  pro¬ 
cedure.  The  differences  in  the  earlier  results  by  the  two  methods 
for  the  aluminum-containing  alloys  prompted  the  discovery  of 
the  fact  that  such  alloys  are  degassed  in  a  vacuum  with  far 
greater  difficulty  than  is  pure  magnesium.  When  this  fact  was 
recognized,  the  subsequent  results  of  the  two  methods  were 
brought  into  better  agreement. 

The  method  should  find  considerable  utility  for  investigations 
of  the  role  of  carbon  as  a  nonmetallic  impurity  in  magnesium  al¬ 
loys.  For  homogeneous  samples,  the  precision  of  the  determina¬ 
tion  is  greater  for  carbon  than  for  hydrogen.  No  other  reliable 
method  is  known  for  the  precise  determination  of  carbon  in  mag¬ 
nesium-base  alloys. 

Method  V.  Kjeldahl  Determination  of  Nitrogen 

In  this  procedure,  the  metal  was  dissolved  in  acid.  After 
making  the  resulting  salt  solution  alkaline,  the  ammonia,  that 
had  been  produced  by  decomposition  of  magnesium  nitride,  was 
transferred  by  a  microdistillation  into  an  excess  of  standard  acid, 
and  the  residual  acid  was  determined  iodometrically. 

PROCEDURE 

A  1.0-  to  1.5-gram  polished  sample  was  dissolved  in  a  slight  ex¬ 
cess  (15  to  22  ml.)  of  6  TV  sulfuric  acid,  and  the  cooled  salt  solution 
was  diluted  to  the  calibrated  volume  in  a  50-ml.  volumetric  flask. 
A  10-ml.  aliquot  of  this  solution  was  transferred  to  a  microdistilla¬ 
tion  apparatus  {12),  and  made  alkaline  with  5  ml.  of  50%  potas¬ 
sium  hydroxide.  With  the  condenser  tip  of  the  apparatus  im¬ 
mersed  in  3  ml.  of  0.01  N  hydrochloric  acid,  the  alkaline  salt  solu¬ 
tion  was  distilled  for  4  minutes.  The  distillation  was  continued 
for  another  minute  after  the  standard  acid  solution  (in  a  25-ml. 
Erlenmeyer  flask)  had  been  lowered  below  the  condenser  outlet, 
and  the  outside  of  the  condenser  tip  was  rinsed  into  the  acid  solu¬ 
tion  with  a  fine  stream  of  ammonia-free  water. 

One  milliliter  each  of  5%  potassium  iodide  and  4%  potassium 
iodate  solutions  was  added  successively  to  the  acid  solution  in 
the  condensate  receiving  flask.  After  3  minutes,  the  free  iodine 
was  titrated  with  0.01  N  sodium  thiosulfate  solution,  using  a  few 
drops  of  1%  starch  solution  as  an  indicator  near  the  end  point  of 
the  titration.  The  thiosulfate  solution  was  standardized  in 
equivalence  to  the  0.01  N  acid  at  the  completion  of  each  series  of 
determinations. 

For  each  series  of  analyses,  a  blank  determination  was  made  for 
ammonia  in  the  reagents.  The  blank  correction  usually  accounted 
for  0.05  to  0.1  ml.  of  the  0.01  N  acid.  One  milliliter  of  0.01  N  acid 
is  equivalent  to  0.14  mg.  of  nitrogen. 

DISCUSSION  OF  METHOD  V 

Other  than  the  usual  precautions  required  to  protect  the  re¬ 
agents  from  ammonia  contamination,  this  determination  presents 
no  special  problems  of  technique.  The  occurrence  of  a  wide  in¬ 
consistency  in  the  results  of  supposedly  duplicate  determinations 
was  most  often  explained  by  the  nonhomogeneity  of  the  sample 
material.  When  the  quantity  of  nitrogen  determined  was  low 
(less  than  0.003%),  the  alloy  samples  usually  were  homogeneous 
in  nitrogen,  and  the  individual  results,  determined  on  random 
samples  taken  from  the  bulk  material,  deviated  from  the  mean 
value  by  less  than  =*=0.0003%  nitrogen.  In  the  instances  where 
a  pronounced  segregation  of  the  nitrides  has  occurred  in  a  large 
bulk  of  metal,  the  sampling  becomes  more  involved,  and  the 
sampling  procedure  is  determined  by  the  extent  of  the  nonhomo¬ 
geneity  of  the  sample  and  the  purpose  for  which  the  determina¬ 
tions  are  being  made. 

Data  and  Conclusions 

This  investigation  was  handicapped  by  the  yet  unsolved  diffi¬ 
culty  of  preparing  synthetic  standards  for  the  purpose  of  estimat¬ 
ing  the  accuracy  of  the  analyses.  The  only  criterion  of  accuracy 
that  exists  is  to  be  found  in  the  consistency  of  the  results  of  the 
hydrogen  determination  by  the  different  procedures  that  should 
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Table  1. 

Determination  of  Hydrogen  in  Magnesium  Alloys  by  Extraction  and  Combustion  Methods 

%  Hydrogen 

Sample 

Alloy 

Alloying 

Vacuum 

Helium 

Electrical 

Com- 

No. 

Type 

Metals,  % 

extraction 

extraction 

extraction 

bustion 

1 

Magnesium 

0.0023 

0.0022 

0.0020 

0.0024 

2 

Dowmetal  M 

2  Mn 

0.0017 

0.0016 

3 

Dowmetal  M 

2  Mn 

0.0030 

0.0030 

4 

Dowmetal  M 

2  Mn 

0.0023 

0.0030 

0.0030 

5 

Dowmetal  FS-1 

3  Al,  1  Zn,  0.4  Mn,  0.2  Ca 

0.0019 

0.0025 

0.0026 

6 

Dowmetal  R 

9  Al,  0.7  Zn,  0.2  Mn 

0.0024 

0.0027 

7 

Dowmetal  O-l 

8.5  Al,  0.5  Zn,  0.2  Mn 

0.0011 

0.0010 

8 

Dowmetal  H 

6  Al,  3  Zn,  0.3  Mn 

0.0010 

0.0013 

9 

Dowmetal  C 

9  Al,  2  Zn,  0.2  Mn 

<0 . 0002 

0.0003 

10 

Mg-Al  compound 

45  Al  (Mgi7Ali2) 

0.0047 

0 . 0056 

11 

Mg-Al  compound 

45  Al  (Mgi7Ali2) 

<0.0002 

<0.0003 

0 . 0004 

12 

Mg-Al  compound 

45  Al  (MgnAliri 

0.0010 

0.0013 

13 

Mg-Al  binary 

42  Al 

0.0011 

.  .  . 

0.0014 

14 

Mg-AJ  binary 

6  Al 

<0.0002 

*  *  * 

0 . 0005 

these  alloys  were  extractible  a 
gaseous  oxides.  For  metals 
that  have  been  melted  in 
graphite  crucibles,  the  results 
for  carbon  by  the  combustion 
method  will  usually  be  higher 
than  the  extraction  results  by  a 
f  actor  of  at  least  ten.  Such  dif¬ 
ferences  in  the  results  for  the 
carbon  content  of  the  metal  can 
be  ascribed  obviously  to  con¬ 
tamination  of  the  metal  with 
free  carbon;  in  fact,  electron 
microscopy  can  detect  crystal¬ 
line  graphite  inclusions  in  the 


Table 


not  be  subject  to  the  same  types  of  constant  error.  The  results 
of  the  hydrogen  determination  by  the  different  methods  are  in 
excellent  agreement.  The  data  for  carbon  and  nitrogen  are  less 
easily  compared  because  of  the  more  complex  aspects  of  the  chem¬ 
istry  involved  in  the  occurrence  of  these  impurities  in  metals; 
however,  even  in  these  instances,  a  comparison  of  the  results  of 
the  different  methods  provides  signifi¬ 
cant  information  concerning  the 
analytical  problem.  Most  of  the  em¬ 
phasis  of  this  investigation  has  been 
placed  on  the  hydrogen  determination. 

The  problems  of  carbon  and  nitrogen 
have  received  a  less  thorough  study 
than  may  be  within  the  scope  of  possi¬ 
bility  with  these  methods. 

The  data  for  hydrogen,  as  determined 
by  two  or  more  methods  for  duplicate 
samples,  are  given  in  Table  I.  The  re¬ 
sult  cited  for  hydrogen  by  each  method 
represents  the  mean  of  at  least  two,  and 
usually  four  to  six  determinations.  The 
measurements  with  each  method  were 


metal.  However,  where  the  differences  between  the  results  of  the 
two  methods  are  smaller,  it  is  not  yet  possible  to  determine 
whether  the  lack  of  agreement  is  the  result  of  interferences  with 
the  quantitative  extraction  of  the  oxides  or  whether  it  represents 
a  degree  of  contamination  with  free  carbon  that  is  below  the  range 
of  sensitivity  of  metallographic  detection. 


Determination  of  Carbon  in  Magnesium  Alloys  by  Extraction  and  Combustion 

Methods 


%  Carbon  and  Average  Deviation 


Sample 

No. 


Alloy  Type 


Vacuum 

extraction 


Helium 

extraction 


Electrical 

extraction 


Combustion 


Magnesium 
Dowmetal  M 
Dowmetal  M 
Dowmetal  M 
Dowmetal  FS-1 
MguAlij 
Dowmetal  R 
Dowmetal  O 
Dowmetal  H 


0.0010  ±  0.0005  0.002  ±  0.001  0.002  ±  0.001 


0 . 0006  ±  0 . 0003 


0.0010 

0.0006 

0.004 

0.0018 

0.0006 

0.0005 


±  0.0005 
±  0.0002 
±0.002 
±  0.0001 
±  0.0001 
±  0.0001 


0.0010  ±  0.0005 


0.002  ±  0.001 
0.003  ±  0.001 


0.0016 

0.0005 

0.0022 

0.0027 

0.0026 

0.004 

0.003 

0.0006 

0.0009 


:  0.0001 
:  0 . 0002 
:  0 . 0002 
:  0.0003 
:  0.0001 
:  0.001 
:  0.001 
= 0.0001 
= 0 . 0002 


repeated  until  a  mean  value  was  obtained  such  that  the  average  of 
the  deviations  from  this  mean  value  was  equal  to  or  less  than 
±0.0002%  hydrogen  for  the  vacuum  extraction  and  helium  extrac¬ 
tion  methods,  and  ±0.0005%  hydrogen  for  the  combustion  and 
electrical  extraction  methods.  Considering  the  difference  in  preci¬ 
sion  of  the  four  methods,  it  can  be  concluded  that  the  results  of  the 
hydrogen  determination  for  each  alloy  are  in  substantial  agree¬ 
ment.  The  constant  errors  of  either  method  are  probably  less  than 
the  magnitude  of  the  average  deviations  of  the  less  precise  methods. 

The  results  for  the  determination  of  carbon  are  not  compared 
readily  because  of  the  considerable  difference  in  the  precision 
of  the  extraction  and  combustion  methods.  The  oxides  of 
carbon  ordinarily  extracted  from  the  metals  represent  only  about 
10%  of  the  gases  obtained  for  analysis,  and  the  blank  correction, 
resulting  from  the  degassing  of  the  furnace  parts,  is  frequently  as 
great  as  the  total  quantity  of  the  carbon  oxides  that  originate 
from  the  metals.  Moreover,  elemental  carbon  can  occur  as  inclu¬ 
sions  in  the  metal,  particularly  if  the  alloy  has  been  melted  or 
cast  in  graphite  containers.  This  free  carbon  escapes  detection 
in  the  three  extraction  methods,  but  it  is  determined  in  the  com¬ 
bustion  method.  The  possibility  of  a  magnesium  reduction  of  the 
carbon  oxides  to  carbon  should  be  recognized  as  a  potential  source 
of  interference  in  the  hot  extraction  methods. 

Considering  all  the  possible  sources  of  error,  it  is  surprising 
that  the  agreement  of  the  results  of  the  combustion  and  extrac¬ 
tion  methods  is  as  good  as  has  been  observed  in  many  instances. 
These  comparisons  of  the  results  from  different  methods  are 
given  in  Table  II.  None  of  the  metals  listed  in  Table  II  were 
melted  or  cast  in  graphite,  and  the  general  agreement  in  the  or¬ 
der  of  magnitude  of  the  results  by  the  extraction  and  combustion 
methods  suggests  that  most  of  the  carbonaceous  impurities  in 


The  combustion  method  has  been  applied  to  measure  the  ex¬ 
tent  of  the  "degassing  of  metals  in  the  extraction  techniques.  It 
was  demonstrated  that  the  quantity  of  hydrogen  remaining  in  the 
metal  residues  after  vacuum  or  helium  extraction  was  so  low  as 
to  be  obscured  by  the  blank  correction  of  the  combustion  method — 
that  is  to  say,  the  extraction  of  hydrogen  was  at  least  90% 
complete.  A  similar  type  of  estimate  for  the  carbon  extraction 
was  impossible,  since  the  vacuum-extracted  or  helium-extracted 
residues  had  been  melted  in  graphite.  However,  it  was  possible 
to  use  the  combustion  technique  to  determine  the  efficacy  of  elec¬ 
trical  extraction  in  removing  from  the  metal  both  carbon  and  hy¬ 
drogen  (Table  III).  Apparently,  this  electrical  degassing  tech¬ 
nique  extracts  the  carbon  oxides  quantitatively,  but  leaves  a 
measurable  residue  of  hydrogen.  In  considering  these  results,  it 
should  be  noted  that  the  combustion  method  tends  to  give  con¬ 
sistently  higher  results  than  either  extraction  method.  If  these 
usual  trends  toward  higher  results  for  hydrogen  represent  an  un¬ 
derestimate  of  the  blank  correction,  then  the  extent  of  the  elec¬ 
trical  degassing  of  hydrogen  may  be  greater  than  the  combustion 
data  indicate. 

The  quantity  of  nitrogen  recovered  from  the  metal  by  vacuum 
extraction  was  usually  2  to  5%  of  the  total  gases  evolved.  In 
many  instances,  the  magnitude  of  the  blank  correction  for  nitro¬ 
gen  was  greater  than  the  net  quantity  of  nitrogen  determined. 
Unless  the  vacuum  conditioning  of  the  apparatus  was  far  more 
thorough  than  was  required  for  a  good  hydrogen  determination, 
the  results  for  nitrogen  were  completely  obscured  by  the  uncer¬ 
tainty  of  the  blank  correction.  However,  a  few  determinations 
were  made  wherein  special  precautions  were  taken  to  control  a 
low  and  constant  blank  for  nitrogen,  and  the  results  of  these  meas¬ 
urements  are  compared  in  Table  IV  with  the  Kjeldahl  results 
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Table  III.  Determination  of  Carbon  and  Hydrogen  in  Magnesium 

Alloys 

(By  electrical  degassing  and  combustion  methods) 

Pure  Mg  Dowmetal  M 

Sample  Sample  Sample  Sample 

12  3  4 

%  H  (extraction)  0.0020  0.0020  0.0027  0.0023 

%  H  (combustion)  0.0024  0.0024  0.0030  0.0030 

%  H  (combustion)  after  extraction  0.0004  0.0007  0.0006  0.0008 

%  of  total  hydrogen  extracted  80  70  80  75 

%  C  (extraction)  0.0020  0.0020  0.0040  0.0025 

%  C  (combustion)  0.0017  0.0017  0.0022  0.0022 

%  C  (combustion)  after  extraction  <0.001  <0.0002  <0.0002  <0.0002 

%  of  total  carbon  extracted  >50  >90  >90  >90 


on  duplicate  samples.  The  fact  that  the  quantity  of  nitro¬ 
gen  measured  is  small  is  confirmed  by  both  methods;  however, 
the  agreement  of  the  two  methods  for  a  specific  sample  cannot  be 
predicted  to  a  consistently  high  degree  of  precision. 

It  is  unknown  whether  the  greater  deviations  among  the  ex¬ 
traction  results  are  the  result  of  an  uncertain  blank  correction  or 
whether  the  reaction  of  nitrogen  with  magnesium  vapor  inhibits 
complete  extraction.  A  Kjeldahl  determination  on  the  less  vola¬ 
tile  metal  residues  showed  less  than  0.0001%  nitrogen;  however, 
there  was  no  convenient  way  in  which  the  condensed  magnesium 
on  the  furnace  walls  could  be  collected  for  a  chemical  determina¬ 
tion  of  nitrogen.  Even  if  it  were  demonstrated  that  the  extrac¬ 
tion  of  nitrogen  was  nearly  complete,  the  technique  of  vacuum 
extraction  would  have  to  be  modified  greatly  to  make  it  a  con¬ 
venient  procedure  for  determining  the  usual  small  quantities  of 
this  gas  in  the  metal.  The  volatility  of  magnesium  sets  practical 
limitations  to  the  maximum  size  of  the  sample  that  can  be  han¬ 
dled  in  any  simplified  design  of  furnace. 

Some  investigators  have  claimed  that  electrical  degassing  ex¬ 
tracts  nitride  nitrogen  from  metals  (2,  8,  U).  These  workers 
formed  this  conclusion  by  establishing  a  favorable  comparison 
between  the  results  for  nitrogen  by  their  extraction  and  Kjeldahl 
methods.  Unfortunately,  they  report  no  Kjeldahl  analyses  for 
supposedly  degassed  samples;  hence,  their  claims  are  open  to 
some  doubt.  Similar  comparisons  of  Kjeldahl  with  extraction 
data  have  been  made  for  some  magnesium  alloys.  These  results, 
given  in  Table  V,  illustrate  that  a  superficial  comparison  of 
the  extraction  and  Kjeldahl  results  can  be  misleading  if  a 
chemical  analysis  of  the  electrically  degassed  metal  is  omitted. 
An  agreement  of  extraction  and  chemical  results  can  be  ac¬ 
cidental,  possibly  because  the  uncertainty  of  the  blank  cor¬ 
rection  in  the  extraction  technique  is  often  as  great  as  is  the  small 
quantity  of  nitride  nitrogen  found  in  the  metal.  Considering  the 
results  of  the  Kjeldahl  determination  before  and  after  electrically 
degassing  duplicate  samples  of  metal,  it  becomes  difficult  to  con¬ 
clude  whether  the  ion  bombardment  treatment  has  effected  a  re¬ 
moval  of  even  a  small  part  of  the  nitride  nitrogen.  There  is  no 
way  of  determining  whether  the  trace  quantities  of  nitrogen  re¬ 
covered  in  the  extraction  method  are  explainable  entirely  as  the 
blank  correction  or  whether  they  represent  the  evolution  of  free 
nitrogen  that  was  entrapped  mechanically  within  the  sample. 
This  latter  hypothesis  does  not  seem  too  probable,  since  the  metal 
samples  used  in  these  experiments  were  rated  as  nonporous  when 
examined  by  both  microscopic  and  radiographic  methods. 

In  general,  it  can  be  concluded  that  the  extraction  methods  are 
most  applicable  to  the  determination  of  hydrogen,  which  is  the 


major  gaseous  impurity  in  magnesium  alloys,  whereas  the  chem¬ 
ical  methods  are  superior  for  the  determination  of  carbon  and  ni¬ 
trogen,  which  occur  in  lesser  molar  quantities.  This  preference 
is  deduced  from  considerations  of  the  precision  of  the  respective 
methods.  The  approximate  agreement  of  the  extraction  and 
chemical  methods  indicates  the  improbable  occurrence  of  constant 
errors  of  such  a  magnitude  as  would  invalidate  the  results  of  the 
more  precise  system  of  measurements  for  each  component.  This 
conclusion  cannot  be  deduced  readily  from  a  study  of  the  earlier 
literature  concerning  this  problem  (2, 8, 19,  20) . 

This  investigation  has  concerned  itself 
with  the  analysis  of  clean  metal — that  is, 
nonporous  metal  which  has  been  pol¬ 
ished  and  handled  carefully  so  as  to  pre¬ 
vent  contamination  of  the  oxide  surface 
film  with  moisture  or  carbon  dioxide. 
However,  these  methods  should  be  ap¬ 
plicable  also  to  the  determination  of  these 
same  gaseous  impurities  in  surface  films. 
In  this  respect,  the  electrical  extraction 
procedure  should  be  particularly  useful, 
since  it  effects  a  thorough  degassing 
of  films  before  any  appreciable  quantities 
of  gas  are  removed  from  the  interior  of  the  metal.  For 
example,  a  combination  of  the  electrical  or  vacuum  extraction 
methods  with  the  combustion  method  can  provide  data  that  will 
differentiate  between  free  carbon  inclusions  and  extractible  car¬ 
bon  oxides  in  the  metal.  It  is  conceivable  that  other  situations 
can  be  proposed  wherein  the  combined  use  of  the  chemical  and 
extraction  procedures  will  provide  information  defining  not  only 
the  content  of  the  metal  in  carbon,  hydrogen,  and  nitrogen,  but 
also  the  manner  of  occurrence  of  these  impurities. 


Table  V.  Determination  of  Nitrogen  in  Dowmetal  Alloys 


%  Nitrogen 


Sample 

No. 

Alloy 

Electrical 

degassing 

Kjeldahl  Method 
Before  After 

electrical  electrical 

degassing  degassing 

i 

Dowmetal  M 

0.0007 

0.0021 

0.0021 

2 

Dowmetal  M 

0.0013 

0 . 0040 

0.0033 

3 

Dowmetal  M 

0.0019 

0.0020 

4 

Dowmetal  M 

0.0009 

0 . 0043 

5 

Dowmetal  M 

0.0036 

0 . 0035 

6 

Dowmetal  J 

0.0031 

0.0035 
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Table  IV.  Determination  of  Nitrogen  in  Magnesium  Alloys 

(Dowmetal  alloy  Type  M) 

■ - Sample - 

1  2  3  4  5  6  7 


Nitrogen,  % 

Kjeldahl 

0.0020 

0.0065 

0.0040  0.0053 

0.0035 

0.0023 

0.0025 

Average  deviation 

±0.0003 

±0.0003 

±0.0005  ±0.0006 

±0,0004 

±0.0004 

±0.0003 

Vacuum  extraction 

0.0010 

0.006 

0.001  0.004 

0.002 

0.002 

0.003 

Average  deviation 

±0.0007 

±0.001 

±0.000  ±0.001 

±0.001 

±0.001 

±0.001 

Determination  of  Sodium  and  Potassium  in  Silicates 

An  improved  Method 

GEORGE  G.  MARVIN  and  LAWRENCE  B.  WOOLAVER1 
Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


The  use  of  hydrofluoric  and  perchloric  acids  as  a  decomposition 
mixture  was  investigated.  It  was  shown  that,  by  the  use  of  this 
mixture,  the  major  difficulties  of  both  the  Berzelius  and  the  J. 
Lawrence  Smith  methods  of  decomposition  could  be  avoided 
and  most  of  their  advantages  retained.  A  procedure  was  devised 
whereby  the  solution  obtained  from  the  acid  decomposition  could 
be  purified  preparatory  to  an  alkali  analysis.  Data  were  obtained 
on  synthetic  and  National  Bureau  of  Standards  samples. 

THE  problem  of  an  alkali  analysis  by  the  J.  Lawrence  Smith 
method  may  be  divided  into  two  parts.  The  first  part  con¬ 
cerns  the  preparation  of  a  solution  containing  the  alkalies  along 
with  some  or  all  of  the  other  metallic  elements  found  in  the 
sample.  This  is  followed  by  an  appropriate  purification  by 
which  a  mixture  of  the  alkalies  is  separated  from  all  the  other 
metallic  elements.  The  second  part  concerns  a  separation  of  the 
alkalies  (usually  only  sodium  and  potassium)  one  from  the 
other.  This  paper  deals  directly  with  the  first  problem.  The 
work  was  conducted  and  the  proposed  method  devised  on  the 
basis  that  the  G.  F.  Smith  (IS)  method  would  be  employed  for  the 
separation  of  the  individual  alkalies,  the  second  of  the  above  two 
problems. 

Sodium  may  be  determined  directly  by  the  triple  acetate 
method  in  the  presence  of  many  of  the  metals.  The  method  of 
Barber  and  Kolthoff  ( 1 )  employs  the  zinc  salt,  while  Caley  (4) 
did  most  of  the  work  on  the  magnesium  salt.  These  methods 
are  well  adapted  to  the  determination  of  small  amounts  of 
sodium  but  are  not  desirable  for  large  amounts.  Potassium 
may  be  determined  directly  by  the  perchlorate  method  without 
the  removal  of  aluminum,  calcium,  magnesium,  sodium,  and 
other  metals  according  to  the  method  of  Willard,  Liggett,  and 
Diehl  (18)  in  which  the  distillation  of  hydrofluosilicic  acid  is 
employed.  (An  excellent  review  of  the  methods  for  the  deter¬ 
mination  of  the  alkali  metals  is  given  by  Willard  and  Diehl,  17.) 

The  use  of  ammonium  fluoride  as  a  flux  for  the  decomposition 
of  refractory  silicates,  according  to  the  method  of  Shead  and 
Smith  (12),  was  not  attempted  in  this  investigation,  since  it 
seemed  to  offer  no  particular  advantage  over  a  direct  attack  by 
means  of  perchloric  and  hydrofluoric  acids. 

At  present  two  procedures  are  in  general  use  for  decomposi¬ 
tion  of  a  mineral  structure  preparatory  to  an  alkali  analysis. 

The  older  procedure,  published  in  1824  by  Berzelius  (2),  in¬ 
volves  the  use  of  the  acid  decomposition  mixture  hydrofluoric- 
sulfuric  acids.  The  second  and  by  far  the  more  popular  pro¬ 
cedure,  the  J.  Lawrence  Smith  method  (14),  breaks  down  the 
silicate  structure  by  sintering  the  ground  material  with  a  cal¬ 
cium  carbonate-ammonium  chloride  mixture. 

The  Berzelius  method  depends  upon  sulfuric-hydrofluoric  acid 
mixture  to  open  up  the  silicate  structure,  followed  by  heating  to 
volatilize  and  eliminate  the  silica  as  silicon  tetrafluoride,  and 
subsequent  fuming  of  the  sulfuric  acid  to  eliminate  all  fluorides. 
The  inherent  disadvantage  of  this  method  is  the  introduction  of 
sulfate  into  the  analysis,  which  must  be  removed  before  sodium 
and  potassium  can  be  successfully  separated.  The  removal  of 
sulfate  can  be  accomplished  but  requires  the  use  of  barium  ion  in 
excess,  which  in  turn  must  be  removed  by  carbonate  ion.  The  en¬ 
tire  procedure  is  long  and  involved,  and  is  used  very  little  at  the 
present  time. 

With  the  advent  of  the  J.  Lawrence  Smith  method  of  silicate 
decomposition  the  disadvantage  of  the  Berzelius  procedure  was 

1  Present  address,  E.  I.  du  Pont  de  Nemours  &  Co.,  Wilmington,  Del. 


avoided,  and  at  the  same  time  there  was  provided  a  solution  of 
the  alkalies  requiring  but  little  purification.  The  main  difficulty 
encountered  in  the  J.  Lawrence  Smith  procedure  is  the  necessity 
of  grinding  an  already  weighed  sample,  a  procedure  rather  dif¬ 
ficult  to  maintain  quantitative.  At  least  one  attempt  has  been 
made  at  correcting  this  disadvantage  by  grinding  the  sample  with 
the  calcium  carbonate-ammonium  chloride  mixture  under 
ethanol  (16).  In  addition,  a  number  of  other  modifications 
of  the  original  method  have  been  published  (3,  5,  6,  7,  9,  10,  11, 
15).  However,  the  recommended  changes  have  not  improved 
upon  the  fundamental  basis  of  the  method  and  consequently  have 
retained  its  main  disadvantage. 

This  research  was  undertaken  to  attempt  to  combine  the 
desirable  features  of  both  the  Berzelius  and  the  J.  Lawrence 
Smith  methods  of  decomposition.  It  was  found  that  mixed 
hydrofluoric-perchloric  acid  could  be  substituted  for  mixed 
hydrofluoric-sulfuric  acid  as  an  acid  decomposition  mixture,  and 
that  iron,  aluminum,  and  magnesium  (as  in  the  J.  Lawrence 
Smith  method)  could  be  removed  simultaneously  by  a  suitable 
procedure. 

When  mixed  hydrofluoric-perchloric  acid  is  used  for  the  decom¬ 
position  of  a  silicate,  the  solution  obtained,  after  the  removal  of 
excess  hydrofluoric  acid  by  fuming,  contains  the  perchlorates  of 
the  metals  present  in  the  mineral  with  possibly  some  fluoalumi- 
nates.  Evaporation  yields,  in  the  case  of  a  typical  mineral,  a 
solid  mixture  of  the  perchlorates  of  sodium,  potassimfi,  mag¬ 
nesium,  calcium,  iron,  and  aluminum.  The  thermal  decomposi¬ 
tion  of  the  perchlorates  in  this  mixture  provides  a  means  for  the 
separation  of  sodium,  potassium,  and  calcium  from  magnesium, 
iron,  and  aluminum  in  one  step. 

A  qualitative  test  on  the  aqueous  extract  from  the  thermal  de¬ 
composition  of  the  perchlorates  gave  no  test  for  fluorides,  indi¬ 
cating  that  complex  fluoaluminates  are  decomposed  by  such 
treatment.  Tests  further  indicate  that  less  than  1  mg.  of  fluoride 
remains  after  the  decomposition. 

Thermal  decomposition  studies  on  sodium,  potassium,  lithium, 
calcium,  magnesium,  iron,  and  aluminum  perchlorates  were 
made  by  Marvin  and  Woolaver  (8)  in  order  to  determine  the 
temperature  at  which  decomposition  occurs  and  the  products  of 
such  a  decomposition.  The  thermal  decomposition  of  the  per¬ 
chlorates  of  sodium,  potassium,  and  calcium  gives  the  correspond¬ 
ing  chlorides  and  the  evolution  of  oxygen.  On  the  other  hand, 
the  perchlorates  of  magnesium,  iron,  and  aluminum  are  hy- 
drolyzad  by  the  water  of  hydration  contained  in  the  molecule  to 
yield  perchloric  acid,  water,  and  the  corresponding  oxide.  So¬ 
dium,  potassium,  and  calcium  are  separated  from  magnesium, 
iron,  and  aluminum  by  making  use  of  the  difference  in  solubility 
existing  between  the  chlorides  and  oxides  formed.  By  leaching 
the  decomposed  perchlorates  with  hot  water  made  slightly  alka¬ 
line  with  ammonium  hydroxide  (to  repress  the  solubility  of 
magnesium  oxide),  a  solution  is  obtained  containing  essentially 
only  sodium,  potassium,  and  calcium  chlorides.  Thus,  at  this 
point,  the  solution  is  exactly  similar  to  one  obtained  by  the  J. 
Lawrence  Smith  method  of  decomposition.  Only  the  removal  of 
calcium  and  ammonium  salts  from  this  solution  is  required  to 
obtain  a  solutiqn  to  which  the  G.  F.  Smith  method  of  alkali 
analysis  can  be  applied. 

The  use  of  mixed  hydrofluoric-perchloric  acid  retains  the  ease 
of  manipulation  of  an  acid  decomposition  procedure  as  compared 
to  a  sintering  method,  and  introduces  no  interfering  ions.  At 
the  same  time  it  is  possible  to  remove  from  the  solution  by  one 
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operation  a  number  of  interfering  metals.  These  facts  greatly 
simplify  the  purification  of  a  sample  in  preparation  for  an  alkali 
analysis. 

PROCEDURE  FOR  SYNTHETIC  SAMPLES 

Nine  synthetic  samples  were  prepared  by  mixing  one  25-ml. 
portion  of  each  of  six  stock  solutions.  A  stock  solution  was  pre¬ 
pared  for  each  metallic  element  (sodium,  potassium,  calcium, 
magnesium,  iron,  and  aluminum  as  chlorides)  desired  in  the 
sample.  The  concentration  of  four  of  these  solutions — calcium, 
magnesium,  iron,  and  aluminum — was  50  =±=  10  mg.  per  25  ml. 
The  concentration  of  sodium  and  potassium  was  accurately 
determined  by  precipitating  the  chloride  with  silver  and  weigh¬ 
ing  the  residue;  their  approximate  concentrations  were  100  mg. 
per  25  ml.  Suitable  aliquots  were  taken  to  obtain  smaller  quanti¬ 
ties.  The  total  sodium  chloride  plus  potassium  chloride  in  the 
samples  was  calculated  from  the  chloride  analyses  (Table  I). 
In  addition  to  the  six  primary  elements  listed  above,  sample  I 
contained  10  ±  2  mg.  each  of  titanium,  manganese,  lead,  and 
barium;  sample  2  contained  10  ±  2  mg.  of  phosphorus;  and 
sample  3  contained  10  =*=  2  mg.  of  arsenic. 


Table  1. 

Analyses  on  Synthetic  Sa 

mples“ 

NaCl  and  KC1 

NaCl  and  KC1 

Sample  No. 

Added 

Found 

Gram 

Gram 

1 

0.1912 

0.1920 

0.1912 

0.1918 

2 

0.1912 

0. 1846 

0.1912 

0.1851 

3 

0.1912 

0.1914 

0.1912 

0.1913 

4 

0.2162 

0.2167 

0.2162 

0.2171 

5 

0.0432 

0.0432 

0.0432 

0.0439 

6 

0.0108 

0.0102 

0.0108 

0.0105 

7 

0.0021 

0.0029 

0.0021 

0.0022 

8 

0.1015 

0.1019 

0.1015 

0.1017 

9 

0.0992 

0.0993 

0.0992 

0.0993 

°  Results  were  obtained  by  procedure  outlined  with  due  care  to  observe 
usual  precautions  for  securing  a  residue  free  of  impurities. 


The  samples  were  placed  in  250-ml.  tail-form  beakers,  5  ml.  of 
60  to  70%  perchloric  acid  added,  and  the  solutions  slowly  evap¬ 
orated  to  dryness.  The  dry  residues  were  baked  for  a  short  time 
on  a  gas  hot  plate.  After  being  covered  with  watch  glasses,  the 
beakers  were  placed  in  a  muflle  furnace  regulated  at  550°  C.  for 
30  minutes.  This  temperature  was  high  enough  to  ensure  the 
complete  decomposition  of  all  the  perchlorates  present.  The 
decomposition  proceeded  very  smoothly  with  no  tendency  to 
spatter.  After  cooling,  the  residue  was  carefully  crushed  and 
leached  with  two  successive  50-ml.  portions  of  hot  water  each 
containing  5  ml.  of  ammonium  hydroxide  solution  (sp.  gr.  0.90), 
followed  by  two  10-ml.  portions.  This  step  must  be  carefully  fol¬ 
lowed  to  ensure  complete  extraction  of  all  sodium  and  potassium 
salts.  The  washings  were  filtered,  the  filtrates  heated  to  just 
below  boiling,  and  10  ml.  of  0.5  N  ammonium  oxalate  solution 
added.  The  solutions  were  allowed  to  stand  for  one  hour  and 
then  filtered.  The  filtrates  were  reheated  to  about  60°  C.  (no 
higher)  and  5  drops  of  a  5%  8-hydroxyquinoline  solution  in  dilute 
acetic  acid  (1  to  10)  added. 

After  standing  for  one  horn-  at  room  temperature,  the  solu¬ 
tions  were  filtered,  and  the  filtrate  was  acidified  with  hydro¬ 
chloric  acid  and  evaporated  to  dryness.  (It  is  possible  these  two 
precipitations  might  be  incorporated  and  performed  together, 
but  this  was  not  tried.)  The  residues  were  treated  with  25  ml', 
of  concentrated  hydrochloric  acid  and  5  ml.  of  concentrated  nitric 
acid,  covered  with  watch  glasses,  and  vigorously  boiled.  After 
the  initial  reaction  had  subsided,  and  25  ml.  of  hydrochloric  acid 
had  been  added,  the  solutions  were  again  boiled  and  finally  evap¬ 
orated  to  dryness.  The  beakers  were  cautiously  heated  over  a 
free  flame  to  drive  off  any  remaining  ammonium  salts  or  organic 
matter.  The  soluble  material  was  dissolved  in  distilled  water  and 


filtered  into  weighed  100-ml.  tail-form  beakers.  A  few  milli¬ 
liters  of  concentrated  hydrochloric  acid  were  added  and  the  solu¬ 
tions  evaporated  to  dryness.  The  residues  were  cautiously 
heated  to  drive  off  any  moisture,  cooled,  and  weighed.  The  re¬ 
sults  are  tabulated  in  Table  I. 


PROCEDURE  FOR  BUREAU  OF  STANDARDS  SAMPLES 

From  the  long  list  of  samples  available,  the  following  set  of  six 
was  chosen  as  best  representing  the  field  of  alkali  silicate  analysis: 


B.  of  S. 

Sample  No.  •  Material 


70 

89 

91 

93 

80 

99 


Feldspar,  potash 
Glass,  lead-barium 
Glass,  opal 
Glass,  high-boron 
Glass,  soda-lime 
Feldspar,  soda 


One-gram  amounts  of  each  sample  were  weighed  into  flat- 
bottomed  platinum  dishes  (Payne  form),  and  15  ml.  of  60  to  70% 
perchloric  acid  and  10  ml.  of  47%  hydrofluoric  acid  were  added. 
The  mixtures  were  very  cautiously  heated  on  an  electric  hot  plate 
until  the  volume  of  each  was  substantially  reduced.  The  dashes 
were  placed  under  a  heating  omit  suspended  over  an  electric 
hot  plate  and  the  heating  was  continued  to  copious  fumes  of 
perchloric  acid.  When  the  solutions  had  almost  reached  dryness 
they  were  removed  and  5  ml.  of  perchloric  acid  added.  The 
dishes  were  returned  to  the  overhead  evaporator  and  the  heating 
was  continued  until  the  solutions  were  again  almost  dry.  The 
solutions  and  any  precipitate  were  washed  into  individual  250- 
ml.  tail-form  beakers  and  slowly  evaporated  to  dryness  on  an 
electric  hot  plate.  After  being  covered  with  watch  glasses, 
the  beakers  were  placed  in  a  muffle  furnace  regulated  at  550°  C. 
for  30  minutes.  This  temperature  was  high  enough  to  ensure 
the  complete  decomposition  of  all  perchlorates  present.  The 
decomposition  proceeded  very  smoothly  with  no  tendency  to 
spatter. 

After  cooling,  the  residue  was  carefully  crushed  and  leached 
with  two  successive  50-ml.  portions  of  hot  water  each  containing 
5  ml.  of  ammonium  hydroxide  solution  (sp.  gr.  0.90),  followed 
by  two  more  10-ml.  portions.  This  step  must  be  carefully  fol¬ 
lowed  to  ensure  complete  extraction  of  all  sodium  and  potas¬ 
sium  salts.  The  washings  were  filtered,  the  filtrates  heated  to 
just  below  boiling,  and  10  ml.  of  0.5  N  ammonium  oxalate  solu¬ 
tion  added.  The  solutions  were  allowed  to  stand  for  one  hour 
and  then  filtered.  The  filtrates  were  reheated  to  about  60°  C. 
(no  higher)  and  five  drops  of  a  5%  8-hydroxyquinoline  solution  in 
dilute  acetic  acid  (1  to  10)  added.  After  standing  for  one  hour  at 
room  temperature,  the  solutions  were  filtered,  and  the  filtrate 
was  acidified  with  hydrochloric  acid  and  evaporated  to  dryness. 
(These  two  precipitations  might  be  performed  together,  but  this 
was  not  tried.) 

The  residues  were  treated  with  25  ml.  of  concentrated  hydro¬ 
chloric  acid  and  5  ml.  of  concentrated  nitric  acid,  covered  with 
watch  glasses,  and  vigorously  boiled.  After  the  initial  reaction 
had  subsided,  and  25  ml.  of  hydrochloric  acid  were  added,  the 
solutions  were  again  boiled  and  finally  evaporated  to  dryness. 


Table  II.  Analyses  of  Bureau  of  Standards  Samples'1 


Weight  of  Chlorides 

Weight  of  Chlorides 

Sample  No. 

Theoretical 

Found 

Gram 

Gram 

70 

0.2439 

0.2439 

0.2439 

0.2442 

89 

0.2406 

0.2412 

0.2406 

0.2408 

91 

0.2112 

0.2009 

0.2112 

0.2116 

93 

0.0810 

0.0810 

0.0810 

0.0798 

80 

0.3145 

0.3147 

0.3145 

0.3147 

99 

0.2088 

0.2042 

0.2088 

0.2088 

‘Asa  test  of  applicability  in  the  hands  of  an  expert  analyst  the  above 
procedure  was  used  by  E.  B.  Read  for  analysis  of  Bureau  of  Standards 
Sample  70  and  0.2353,  0.2354,  and  0.2363  gram  of  chloride  obtained.  This 
degree  of  agreement  between  the  theoretical  value  of  the  chlorides  and  the 
values  obtained  is  considered  to  be  within  the  limits  of  manipulative  error  for 
an  analyst  using  this  method  for  the  first  time. 
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The  beakers  were  cautiously  heated  over  a  free  flame  to  drive 
off  any  remaining  ammonium  salts  or  organic  matter.  The  sol¬ 
uble  material  was  dissolved  in  distilled  water  and  filtered  into 
weighed  100-ml.  tail-form  beakers.  A  few  milliliters  of  concen¬ 
trated  hydrochloric  acid  were  added  and  the  solutions  evapo¬ 
rated  to  dryness.  The  residues  were  cautiously  heated  to  drive 
off  any  moisture,  cooled,  and  weighed.  The  results  obtained 
(total  weight  of  sodium  chloride  plus  potassium  chloride)  are 
tabulated  in  Table  II. 

DISCUSSION 

Perhaps  the  most  attractive  feature  of  the  J.  Lawrence  Smith 
method  of  silicate  decomposition  is  the  simultaneous  removal  of 
most  of  the  nonalkali  basic  constituents.  The  hydrofluoric- 
perchloric  acid  decomposition,  as  used  above,  accomplishes 
the  same  purpose.  The  perchlorates  of  magnesium,  iron,  and 
aluminum  all  form  oxides  upon  thermal  decomposition,  thus 
rendering  them  insoluble.  The  sodium,  potassium,  and  calcium 
salts,  however,  form  soluble  chlorides  which  can  readily  be  dis¬ 
solved  away  from  the  insoluble  oxides.  Inasmuch  as  the  special 
equipment  required  for  the  hydrofluoric-perchloric  acid  decom¬ 
position  is  a  platinum  dish,  and  the  operation  of  grinding  an  al¬ 
ready  weighed  sample  may  be  avoided,  this  method  has  certain 
advantages  over  the  J.  Lawrence  Smith  method. 

Examination  of  Tables  I  and  II  shows  that  satisfactory  results 
are  obtained  in  all  cases  except  where  phosphorus  is  present  in  the 
solution,  and  one  value  for  Bureau  of  Standards  Sample  91. 
The  presence  of  phosphorus  apparently  ties  up  the  alkalies  in  a 
form  which  cannot  be  extracted  out  of  the  solid  mass  of  perchlo¬ 


rate  decomposition  products.  No  attempt  was  made  to  investU 
gate  this  matter  further.  Sulfates  are  incompatible  with  the 
principle  involved  in  this  method.  They  would  interfere  seri¬ 
ously  and  if  present  in  the  original  material  this  method  is  not 
applicable  in  the  present  form. 
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Agar-Streak  Method  for  Assaying  Antibiotic  Substances 

SELMAN  A.  WAKSMAN  AND  H.  CHRISTINE  REILLY 
New  Jersey  Agricultural  Experiment  Station,  Rutgers  University,  New  Brunswick,  N.  J. 


The  agar-streak  method  for  assaying  antibiotic  substances  is  rapid, 
does  not  require  a  sterile  sample,  permits  testing  unknown  sub¬ 
stances  against  several  bacteria  or  fungi  at  one  time,  and  can  be  used 
to  test  substances  in  nonaqueous  solutions.  Although  it  is  less 
precise  and  less  rapid  than  some  other  methods,  it  has  marked  ad¬ 
vantages,  especially  in  screening  tests  with  a  large  number  of  or¬ 
ganisms  and  in  isolation  procedures  of  the  antibiotic  substances. 

IT  HAS  long  been  recognized  that  the  results  of  assaying  bac¬ 
teriostatic  and  bactericidal  substances  depend  largely  upon 
the  methods  employed.  Such  results  may  vary  considerably, 
and  are  influenced  by  the  species  of  test  organism  used,  the  com¬ 
position  and  reaction  of  the  medium,  and  the  time  and  tempera¬ 
ture  of  incubation.  Although  standard  conditions  can  be  es¬ 
tablished  for  accurate  evaluation  of  a  single  substance  or  of  a 
crude  preparation  containing  a  single  antibiotic  agent,  the  re¬ 
sults  may  not  be  very  reliable  when  several  antibiotic  substances 
are  compared,  since  substances  may  vary  greatly  not  only  in 
their  selective  action  upon  different  bacteria,  but  also  in  their 
mode  of  attack  upon  the  same  organisms;  this  is  especially  true 
of  crude  products  which  may  contain  either  a  mixture  of  widely 
different  types  of  antibiotic  substances  or  a  group  of  closely  re¬ 
lated  modifications  of  the  same  general  type  of  substance. 

In  selecting  a  method  for  measuring  quantitatively  the  activ¬ 
ity  or  potency  of  an  antibiotic  substance,  it  is  essential  to  recog¬ 
nize  several  pertinent  facts,  which  bear  upon  the  nature  and  anti¬ 
bacterial  properties  of  antibiotic  substances  in  general. 

Antibiotic  substances  are  primarily  bacteriostatic  in  their 
action;  they  are  bactericidal  to  only  a  limited  degree,  although 
some  .substances  may  possess  marked  bactericidal  properties. 


Antibiotic  substances  are  selective  in  their  action;  they  are 
able  in  very  low  concentrations  to  prevent  the  growth  of  some 
bacteria,  whereas  much  larger  amounts  are  required  to  prevent 
the  growth  of  other  bacteria ;  some  bacteria,  may  not  be  inhibited 
at  all  by  a  particular  substance  even  in  very  high  concentrations. 

The  conditions  for  the  bacteriostatic  activity  of  different  anti¬ 
biotic  substances  vary  greatly;  some  are  not  active  at  all  or  their 
activity  is  greatly  reduced  in  certain  media,  because  of  the  an¬ 
tagonistic  action  of  some  of  the  constituents  of  the  media  upon 
the  antibiotic  substance;  others  require  for  their  activity  the 
presence  of  certain  specific  chemical  compounds  in  order  to  be¬ 
come  effective. 

The  mechanism  of  action  of  antibiotic  agents  varies;  some 
interfere  with  bacterial  cell  division,  some  affect  bacterial  respira¬ 
tion,  still  others  interfere  with  the  utilization  of  essential  metabo¬ 
lites  by  the  bacteria,  either  by  replacing  or  combining  with  a 
substance  necessary  for  the  nutrition  of  the  organisms. 

Many  antagonistic  organisms  produce  more  than  one  anti¬ 
biotic  substance;  the  culture  filtrate  of  the  organism  may  differ, 
therefore,  in  the  nature  of  its  activity  from  that  of  the  active 
fractions  obtained  from  it. 

These  facts  have  an  important  bearing  upon  the  methods  used 
for  measuring  the  activity  of  or  assaying  an  antibiotic  substance. 
Methods  already  developed  include: 

1.  The  serial  dilution  or  titration  method  ( 2 ,  7) 

2.  The  agar  diffusion  or  cup  (cylinder  plate)  method  and  its 
modifications  ( 1 ,  4,  7,  8 ) 

3.  The  agar-streak  method  {10,  14) 

4.  The  turbidimetric  method  ( 3 ) 

5.  A  variety  of  other  methods  (9) 

Considerable  precision  may  be  obtained  with  the  serial  dilu¬ 
tion  and  cup  methods.  For  special  purposes,  as  for  measuring 
the  concentration  of  the  antibiotic  in  body  fluids,  special  methods 
may  have  to  be  devised. 
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The  agar-streak  method  described  herein  has  been  in  use  in 
this  and  other  laboratories  since  1940,  but  has  been  described 
only  briefly  (14,  IS)  in  the  literature.  It  is  rapid,  it  does  not 
require  a  sterile  sample,  it  permits  the  testing  of  unknown  sub¬ 
stances  against  several  bacteria  or  fungi  at  one  time,  and  it  can 
be  utilized  for  testing  substances  in  nonaqueous  solutions.  It  is 
less  precise  than  the  agar  diffusion  or  cup  method,  the  serial  dilu¬ 
tion  method  in  liquid  media,  and  the  turbidimetric  method,  all  of 
which  require  separate  assays  with  each  bacterium;  it  is  also  less 
rapid  than  some  of  these  methods.  The  cup  method,  moreover, 
is  limited  to  water-soluble  diffusible  substances,  and  a  standard 
preparation  of  the  substance  must  be  maintained  for  reference. 
The  serial  dilution  method  in  liquid  medium  and  turbidimetric 
methods  requires  sterile  samples.  Sterilization  by  heat  destroys 
many  antibiotic  substances,  and  sterilization  by  filters  of  the  Seitz 
or  Berkefeld  types  may  lead  to  large  losses  by  absorption. 

The  agar-streak  method  thus  makes  possible  an  immediate 
insight  into  the  nature  of  the  “bacteriostatic  spectrum”  (9)  of  a 
given  antibiotic  substance  long  before  it  has  been  isolated  and 
chemically  identified.  This  information  is  of  particular  impor¬ 
tance  in  the  study  of  new  antibiotic  substances,  or  even  of  known 
agents  when  produced  by  new  organisms  or  under  different 
conditions  of  culture.  Much  of  the  confusion  brought  about  by 
the  use  of  new  names  attached  to  the  same  substance  when  iso¬ 
lated  from  other  organisms  might  have  been  avoided  had  the 
agar-streak  method  been  employed  in  testing  the  new  agents, 
because  each  agent  has  its  own  characteristic  bacteriostatic 
spectrum  and  different  substances  can  be  differentiated  on  the 
basis  of  such  spectra  (12,  IS).  Thus,  if  a  newly  isolated  sub- 
jstance  is  tested  simultaneously  against  several  organisms,  its 
possible  relationship  to  an  agent  already  known  may  become 
evident. 


Table  I.  Bacteriostatic  Potency  of  Three  Antibiotic  Substances 
Produced  by  A.  fumigatus  (11) 

Test 

Organism  Fumigatin  Fumigacin  Gliotoxin 

Dilution  units  by  agar-streak  method 


E.  coli 
S.  aureus 
B.  subtilis 
S.  lutea 


1,200 

200,000 

40,000 

100,000 


1,200 

2,000,000 

100,000 

1,000,000 


6,000 

1,500,000 

750,000 

2,000,000 


Usually  the  following  four  organisms  are  employed,  the  Amer¬ 
ican  Type  Culture  Collection  numbers  being  given  in  paren¬ 
thesis:  (1)  Escherichia  coli  (ATCC  9637),  to  represent  the  gram- 
negative  group  of  bacteria;  this  organism  is  now  used  as  a 
standard  test  culture  in  streptothricin  and  streptomycin  assays. 
(2)  Bacillus  subtilis  (ATCC  6633),  to  represent  the  gram-posi¬ 
tive  rod-shaped  bacteria;  this  organism  is  used  in  penicillin  and 
in  streptomycin  assays,  and  is  highly  sensitive  to  these  sub¬ 
stances.  (3)  Staphylococcus  aureus  (ATCC  6538),  to  repre¬ 
sent  the  coccus  group  of  organisms;  it  is  used  as  the  standard 
in  penicillin  assays.  (4)  Bacillus  mycoides  (ATCC  6462)  is 
included  because  of  its  resistance  to  certain  antibiotic  substances, 
especially  penicillin  and  streptothricin ;  it  can  thus  be  used  for 
differentiation  purposes.  Different  strains  of  the  same  organism 
may  show  great  variation  in  sensitivity  to  the  same  antibiotic 
substance  (13)]  hence,  only  known  strains  must  be  employed  in 
order  to  have  the  results  comparable. 

Certain  other  bacteria  may  occasionally  be  added  to  this  list — 
for  example,  Sarcina  lutea,  a  saprophytic  gram-positive  coccus, 
Serratia  marcescens,  a  gram-negative  rod-shaped,  pigment-pro¬ 
ducing  culture,  certain  hemolytic  streptococci,  and  others. 


PROCEDURE  FOR  AGAR-STREAK  METHOD 

.Medium.  The  medium  most  commonly  used  consists  of  0.5% 
Difco  peptone,  0.5%  sodium  chloride,  0.3%  Difco  meat  extract, 
and  1.5%  agar  in  tap  water.  This  medium  is  distributed  in  10- 
ml.  portions  in  test  tubes  and  autoclaved  at  7-kg.  (15-lb.)  pressure 
for  20  minutes.  The  pH  of  the  medium  is  7.0. 


Test  Organisms.  E.  coli,  B.  subtilis,  B.  mycoides ,  S.  aureus, 
and  S.  lutea,  obtainable  from  the  American  Type  Culture  Col¬ 
lection,  as  well  as  certain  other  organisms,  may  be  used.  The 
bacterial  growth  from  agar-slant  cultures,  20  to  24  hours  old, 
is  suspended  uniformly  in  5  to  10  ml.  of  sterile  tap  water  by 
scraping  the  bacterial  growth  from  the  agar  with  a  sterile  wire 
loop.  Some  bacteria,  such  as  B.  mycoides,  will  not  produce 
heavy,  uniform  suspensions.  In  such  cases,  the  growth  is 
scraped  from  the  agar  and  broken  up  as  much  as  possible;  the 
larger  particles  are  allowed  to  settle  out,  and  the  supernatant  is 
used  for  subsequent  streaking. 


Table  II.  Yield  of  Chaetomin  in  Extracts  of  Culture  of 
C.  cochliodes  (5) 

S.  aureus  B.  mycoides  B.  subtilis  S.  lutea 

Dilution  units  per  gram  of  preparation 

Acetone  extract  of 

mycelium  80,000  30,000  80,000  100,000 

Crude  chaetomin  100,000,000  50,000,000  100,000,000  200,000,000 

Purified  chaetomin  500,000,000  100,000,000  500,000,000  1,000,000,000 

Culture  filtrate  300  200  300  300 

Crude  chaetomin 

from  filtrate  50,000,000  20,000,000  50,000,000  100,000,000 


Details  of  Method.  The  following  procedure  is  used  with 
typical  samples  of  culture  filtrates.  Each  of  a  series  of  six  sterile 
10-cm.  (4-inch)  Petri  dishes  is  marked  off  into  four  or  five  sectors, 
and  to  each  of  five  dishes  is  added  a  portion  of  the  solution  to  be 
tested,  usually  1.0,  0.3,  0.1,  0.03,  and  0.01  ml.,  respectively. 
None  of  the  sample  is  added  to  the  sixth,  or  control,  dish.  The 
agar  medium  is  melted,  cooled  to  45°  C.,  added  in  10-ml.  quanti¬ 
ties  to  each  dish,  and  mixed  thoroughly  with  the  sample  by 
rocking  the  dish  in  the  hands.  After  about  20  minutes,  when  the 
agar  has  solidified,  the  test  organisms  are  streaked  on  the  plate, 
each  within  a  marked  sector.  Three  discrete  streaks  of  each 
organism  are  made  by  means  of  a  bent  wire  needle  that  will 
produce  a  streak  approximately  1  cm.  wide.  The  wire  is  steri¬ 
lized  in  a  flame  and  dipped  into  a  uniform  suspension  of  the 
test  organism,  and  the  three  streaks  are  made  on  the  agar  with¬ 
out  recharging  the  inoculating  needle.  The  needle  is  flamed 
and  recharged  between  plates. 

The  inoculum  streaked  on  the  plate  cannot  be  strictly  con¬ 
trolled,  since  the  volume  of  liquid  applied  by  the  wire  needle 
varies  with  the  viscosity  and  surface  tension  of  the  bacterial 
suspension.  It  has  also  been  found  more  difficult  to  produce  a 
uniform  streak  with  a  new,  smooth  wire  than  with  one  which  has 
been  in  use  for  some  time  and  has  become  slightly  roughened. 
The  actual  number  of  bacterial  cells  in  the  suspension  will  vary 
somewhat  from  day  to  day  with  the  abundance  of  growth  on  the 
agar  slant.  Although  these  factors  may  limit  the  precision  of 
the  method,  they  do  not  appreciably  affect  its  usefulness. 

The  plates  are  incubated  at  a  temperature  of  28°  C.  for  18  to  20 
hours,  and  the  results  recorded.  The  growth  of  the  bacterial  cul¬ 
tures  on  each  plate  is  compared  with  their  corresponding  growth 
on  the  control  plate.  The  end  point  is  taken  as  the  highest  dilu¬ 
tion  at  which  growth  is  completely  or  almost  completely  in¬ 
hibited.  The  result  is  expressed  in  “dilution  units”,  that  amount 
of  material  which,  added  to  1  ml.  of  the  test  medium,  will  just  in¬ 
hibit  the  growth  of  the  test  organism. 

Unitage  is  calculated  by  dividing  the  volume  of  agar  in  the 
plate  by  the  amount  of  the  antibiotic  substance  added  to  that 
plate  which  showed  the  end  point.  For  example,  if  out  of  a  se¬ 
ries  of  plates  the  one  containing  0.1  ml.  of  the  antibiotic  prepara¬ 
tion  shows  no  growth  of  E.  coli,  whereas  the  plate  containing  0.03 
ml.  of  the  preparation  shows  normal  growth  of  E.  coli,  the  end 
point  is  said  to  have  been  reached  in  the  first  plate.  The  con¬ 
centration  of  the  active  substance  is  thus  10/0.1,  or  100  units  per 
ml.  of  the  preparation.  Sometimes  the  end  point  lies  between 
successive  plates  of  the  series.  For  example,  the  plate  containing 
0.3  ml.  of  the  active  substance  may  show  complete  inhibition; 
the  plate  containing  0.1  ml.  may  show  normal  growth  on  two 
streaks  and  no  growth  of  the  test  organism  on  the  third  streak ; 
the  plate  containing  0.03  ml.  may  show  normal  growth  on  all 
three  streaks.  In  this  case,  an  interpolation  is  made,  and  the 
preparation  is  said  to  contain  50  or  60  dilution  units  per  ml.  of  the 
active  substance. 

Alcoholic  solutions  of  an  antibiotic  agent  may  be  assayed  in 
the  same  way,  but  the  volume  of  95%  ethyl  alcohol  added  to 
10  ml.  of  agar  must  not  exceed  0.3  ml. ;  higher  concentrations  of 
alcohol  are  bacteriostatic.  The  same  is  true  of  methyl  alcohol, 
ethyl  acetate,  and  acetone.  The  maximum  is  0.1  ml.  per  10  ml. 
of  agar  with  dioxane,  and  even  less  with  pyridine. 

Pure  antibiotic  substances,  crude  concentrates,  and  experi- 
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Table 


Antibacterial  and  Antifungal  Action  of  Antibiotic  Substances  (6) 

Fungistatic  Activity 


Antibiotic 

Antibacterial  activity 

Fusarium 

Asper¬ 

gillus 

clavatus 

Tricho¬ 
phyton 
mentagro - 
phytes 

Crypto¬ 

coccus 

neo - 

substance 

E.  coli 

B.  subtilis 

sp. 

14a 

598 

formans 

Actinomycin 

15,000 

>20,000,000 

Dilution  units  per  gram 
<500,000  <500,000 

5,000,000 

1,500,000 

Chaetomin 

<1,000 

750,000,000 

<4,000 

<4,000 

<4,000 

<4,000 

Clavacin 

100,000 

200,000 

25,000 

3,000 

33,000 

10,000 

Fumigacin 

7,200 

600,000 

22,000 

3,000 

14,800 

30,000 

Gliotoxin 

15,000 

2,000,000 

600,000 

200,000 

6,000,000 

>20,000,000 

Streptomycin 

125,000 

625,000 

<45 

<45 

<45 

<45 

Streptothricin 

100,000 

500,000 

9,000 

<60 

4,500 

12,000 

mental  fractions  may  be  tested  in  the  same  way.  Preliminary 
dilution  may  be  required. 

In  addition  to  bacteria,  fungi  can  be  employed  as  test  organ¬ 
isms.  Cultures  of  fungi  usually  require  a  longer  incubation 
period,  such  as  2  days,  for  development.  Details  of  the  applica¬ 
tion  of  the  agar-streak  method  to  the  testing  of  antifungal  proper¬ 
ties  of  antibiotic  substances  are  given  elsewhere  ( 6 ). 


EXPERIMENTAL  DATA 


This  method  has  proved  very  useful  in  determining  both  the 
bacteriostatic  and  the  fungistatic  activities  of  various  antibiotic 
agents  (Tables  I  to  IV).  The  antibacterial  activity  of  several 
chemical  compounds  produced  by  the  same  fungus  is  given  in 
Table  I.  The  use  of  the  method  for  isolating  a  substance  from 
the  crude  medium  is  given  in  Table  II.  A  comparison  of  the 
antibacterial  activity  of  different  substances  is  presented  in 
Table  III.  In  order  to  illustrate  the  fact  that  the  results  are 
readily  reproducible,  even  at  different  periods  and  under  dif¬ 
ferent  conditions,  duplicate  assays  were  run  using  the  same 
sample  of  a  certain  antibiotic  on  two  consecutive  days.  The 
results  indicated  that  the  need  for  daily  standards  is  eliminated 
by  the  use  of  this  method.  However,  when  standards  are  avail¬ 
able,  it  is  desirable  occasionally  to  check  the  results  obtained 
with  unknown  preparations  of  a  given  antibiotic  substance 
against  such  standards,  in  order  to  bring  out  possible  variations 
in  the  method,  as  influenced  by  composition  of  medium  and  test 
organisms  (Table  IV). 

The  agar-streak  method  of  testing  antibiotic  substances  has 
also  proved  its  value  in  extraction  and  fractionation  procedures, 
in  the  purification  of  antibiotic  substances  (5,  11),  and  for  in¬ 
activation  studies.  In  such  cases  both  the  inactivating  agent 
and  the  antibiotic  substance  may  be  incorporated  in  the  agar 
medium.  When  several  different  test  organisms  are  used,  cer¬ 
tain  finer,  qualitative  differences  can  be  brought  out  between 
different,  sometimes  closely  related,  antibiotic  substances. 


1.  A  difference  in  the  ratio  of  the  units  of  activity  of  a  given 
substance  against  S.  aureus  and  B.  subtilis  definitely  indicates 
certain  important  differences  in  the  physiological  response  of  the 
organisms  and  biological  behavior  of  the  substance.  Occa¬ 
sionally,  different  chemical  configurations  of  the  same  substance 
may  be  produced  by  different  strains  of  the  same  organism  or  by 
the  same  strain  under  different  cultural  conditions.  These  dif- 


Table 


IV.  Bacteriostatic  Activity  of  a  Purified  Preparation 
Streptomycin  Tested  on  Two  Consecutive  Days 

A  Test  B  Test 

Activity  in  dilution  units  per  gram 


of 


Organism 


E .  coli  9637 

30,000 

30,000 

E.  coli  ATCC  6880 

7,500 

10,000 

E.  coli  ATCC  8677 

100,000 

100,000 

Proteus  vulgaris  ATCC  6898 

100,000 

75,000 

Proteus  vulgaris  ATCC  8427 

20,000 

10,000 

B.  subtilis  NRS  972 

30,000 

30,000 

B.  subtilis  ATCC  6633 

300,000 

200,000 

B,  subtilis  W9 

250,000 

250,000 

ferences  can  be  frequently  brought  out 
by  the  agar-streak  method,  whereas  they 
may  be  missed  when  other  methods 
with  a  single  test  organism  are  em¬ 
ployed. 

2.  Two  closely  related  substances, 
streptothricin  and  streptomycin,  can  be 
differentiated  readily  by  the  fact  that 
the  second  substance  has  an  activity 
against  B.  mycoides  similar  to  that 
against  B.  subtilis,  whereas  the  first 
substance  has  very  little  activity  against 
B.  mycoides. 

3.  In  a  study  of  the  inactivation  of 
antibiotic  substances  by  cysteine,  it  was 
found  that  the  test  organism  is  of  great 
importance;  certain  organisms  are  sensi¬ 
tive  to  cysteine,  whereas  others  are 

the  selection  of  the  right  organism  may 


resistant  (Table  V); 
influence  greatly  the  significance  of  the  results  obtained 


Table  V.  Effect  of  Cysteine  upon  Antibacterial  Activity  of 
Streptomycin 

(As  shown  by  the  plate  method) 

Cysteine  Mg  Growth  of  Organism  in  Presence  of 

ner  10  Ml.  of  Streptomycin'* 1 * * * * 6 7 8 9 * * 12 13 14 15 

Agar 

0  unit 

25  units 

100  units 

E.  coli 

0.0 

+  +  + 

0 

0 

0.1 

+  +  + 

0 

0 

1 

+  +  + 

0 

0 

10 

+  +  + 

+  +  + 

0 

100 

+  +  + 

+  +  + 

+  + 

B. 

subtilis 

0  unit 

1  unit 

3  units 

10  units 

0.0 

+++ 

+  "I-  + 

+  + 

0 

0.1 

+++ 

+  +  + 

+ 

0 

1 

0 

0 

0 

0 

10 

0 

0 

0 

0 

100 

0 

0 

0 

0 

a  Units  per  10  ml.  of  agar. 


SUMMARY 


The  agar-streak  method  for  testing  antibiotic  substances  of¬ 
fers  sufficiently  marked  advantages  over  other  methods  to 
justify  its  wider  use,  especially  in  screening  tests  with  a  large 
number  of  organisms  and  in  isolation  procedures  of  the  antibiotic 
substances. 
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Determination  of  Vitamin  A 

Correlation  of  Improved  Spectrophotometric  and  Colorimetric  Methods 

with  Multiple-Level  Bioassays 

BERNARD  L.  OSER,  DANIEL  MELNICK,  MORTON  PADER,  ROSLYN  ROTH,  and  MONA  OSER 

Food  Research  Laboratories,  Inc.,  Long  Island  City,  N.  Y. 


On  the  basis  of  spectrophotometric  and  multiple-level  bioassays  it 
has  been  demonstrated  that  a  fish  liver  oil  is  more  likely  to  pass  the 
biological  assay  when  its  extinction  ratio,  £300/328,  is  less  than  0.72. 
An  oil  with  an  £ 300/328  value  equal  to  or  above  0.72  has  about  an 
even  chance  of  passing  the  animal  test.  On  the  other  hand,  the 
vitamin  A  estimates  obtained  by  the  authors’  adaptation  of  the 
antimony  trichloride  method  agree  well  with  the  biological  esti¬ 
mates  and  are  independent  of  the  £ 300/328  value.  The  simplicity  and 
reliability  of  the  colorimetric  procedure  make  it  the  method  of 
choice  in  assaying  pharmaceutical  and  vitamin  A-fortified  foods, 
whose  unsaponifiable  fractions  may  contain  relatively  large  amounts 
of  materials  absorbing  nonspecifically  at  328  mju. 

USEFUL  though  they  may  be  for  purposes  of  research  and 
control,  the  physical  and  chemical  methods  for  the  estima¬ 
tion  of  vitamin  A  do  not  eliminate  the  need  for  accurate  biological 
assays.  The  latter  measure  vitamin  A  potency  or  activity  which 
may  be  due  to  various  forms  of  preformed  and  provitamin  A. 
Biological  assays  make  it  possible  to  distinguish  between  the 
content  of  vitamins  and  their  physiological  availability.  They 
also  permit  the  critical  evaluation  of  new  chemical  and  physical 
assay  procedures.  The  use  of  so-called  conversion  factors  in  the 
nonbiological  methods  is  predicated  upon  reliable  biological  as¬ 
says  and  the  fact  should  not  be  overlooked  that  the  accuracy 
of  an  estimate  calculated  by  means  of  a  conversion  factor  is  no 
greater  than  that  of  the  biological  assays  upon  which  the  factor  is 
based. 

In  this  paper  are  presented  the  results  of  studies  correlating 
the  improved  spectrophotometric  ( 6 )  and  colorimetric  (7)  meth¬ 
ods  for  vitamin  A  with  multiple-level  bioassays.  The  tests  were 
conducted  on  a  total  of  110  samples  of  fish  liver  oils,  pharma¬ 
ceutical  products,  and  vitamin  A-fortified  foods;  only  illustra¬ 
tive  data  are  given  in  this  report. 

ASSAY  METHODS 

In  a  previous  report  (5)  dealing  with  the  spectrophotometric 
ietermination  of  vitamin  A  the  desirability  of  plotting  absorp¬ 
tion  curves  in  terms  of  extinction  ratios  rather  than  extinction 
coefficients  was  emphasized.  For  this  purpose  the  extinction  co¬ 
efficient  at  328  millimicrons  (Em)  is  regarded  as  unity  and  extinc- 
i°n  coefficients  at  other  wave  lengths  are  expressed  as  ratios  to 
5W  This  method  of  presenting  the  data  permits  the  distinction 
>etween  an  oxidized  or  otherwise  atypical  vitamin  A  curve  and 
hat  of  true  vitamin  A,  independently  of  dilution.  It  has  since 
>roved  convenient  merely  to  state  the  extinction  ratios  at  300 
md  350  millimicrons  (E3M/m  or  f?35u/328)  in  justifying  the  accept¬ 
ability  of  the  spectrophotometric  estimate  of  vitamin  A  content 
>ased  upon  the  reading  taken  at  328  millimicrons.  Evidence  was 
Iso  presented  (6)  in  support  of  basing  the  spectrophotometric 
neasurements  on  the  unsaponifiable  extracts. 

The  spectrophotometric  data  reported  in  this  study  were  ob- 
ained  with  the  Beckman  quartz  spectrophotometer  using  the 
ungsten  light  source  and  Corex  cells,  with  slit  widths  of  1.0,  0.4 
i.2,  and  0.1  mm.  for  readings  taken  at  300  310,  328,  and  350  mill 
imicrons,  respectively.  Corrections  for  absorption  of  the  Corex 
ells,  while  insignificant  at  328  millimicrons,  may  be  appreciable 
-t  the  shorter  wave  lengths.  Pure  isopropanol,  which  does  not 


absorb  in  the  critical  vitamin  A  region,  was  employed  as  the  sol¬ 
vent  for  the  test  materials.  Spectrophotometric  estimations  of  po¬ 
tency  were  based  on  the  commercial  standard  conversion  factor  of 
2000. 

The  colorimetric  method  employed  in  this  study  (7)  is  based  on 
the  use  of  an  internal  standard,  the  reaction  being  carried  out  di¬ 
rectly  in  the  photoelectric  colorimeter  with  appropriate  correc¬ 
tions  for  color  or  turbidity. 

A  few  remarks  concerning  this  technique  may  be  in  order. 
Inasmuch  as  the  colorimetric  method  is  based  upon  a  fleeting  re¬ 
action  and  the  use  of  an  internal  standard,  it  is  essential  that  the 
apparatus  employed  for  the  photometric  recordings  be  capable  of 
precise  and  rapid  readings.  A  direct-reading  photoelectric  color¬ 
imeter,  and  not  a  null-point  instrument,  should  be  employed. 
The  galvanometer  must  be  critically  damped  and  have  a  short 
period.  The  time  required  to  swing  from  0  to  100  and  become 
stable  should  not  be  more  than  3  seconds.  Once  the  instrument  is 
set  for  0  and  100%  transmission,  it  should  remain  constant  with 
infrequent  adjustments.  Only  interchangeable  test  tubes  should 
be  employed.  The  Evelyn  photoelectric  colorimeter,  manufac¬ 
tured  by  the  Rubicon  Company,  Philadelphia,  Pa.,  and  accom¬ 
panying  “selected”  test  tubes  have  proved  very  satisfactory. 
It  is  desirable  to  add  the  internal  standard  to  the  test  solution  in 
the  small  volume  of  0.1  ml.  in  order  to  avoid  volume  distortions. 
By  use  of  a  micropipet,  where  11-cm.  length  is  equivalent  to  0.1 
ml.,  the  vitamin  A  increment  may  be  added  to  the  test  solutions 
with  the  same  degree  of  precision  expected  from  macrotechniques. 
The  fact  that  chloroform  is  the  solvent  in  the  standard  vitamin  A 
solution  favors  quantitative  manipulations,  since  no  doubts  exist 
about  complete  drainage  from  the  micropipet.  The  potency  of 
the  standard  distilled  esters  preparation  is  taken  as  E32 s  X  2000, 
the  validity  of  this  factor  having  been  established  by  numerous 
biological  assays;  the  ultraviolet  absorption  curve  of  the  distil¬ 
late  duplicates  that  of  pure  vitamin  A  and  the  values  obtained  for 
vitamin  A  in  the  distilled  esters  and  the  unsaponifiable  extract 
thereof,  agree  when  determined  by  both  spectrophotometric 
and  colorimetric  methods  (7).  When  turbidity  is  encountered  on 
the  addition  of  the  antimony  trichloride  reagent  because  of  resid¬ 
ual  moisture  in  the  test  solutions,  it  can  be  corrected  for  by  the 
reading  taken  with  the  720-millimicron  filter  (7)  or  by  the  direct 
procedure  of  adding  2  or  3  drops  of  acetic  anhydride  to  the  test 
solutions  prior  to  addition  of  the  antimony  trichloride  reagent. 

The  U.S.P.  procedure  (9)  was  employed  for  the  biological  as¬ 
say  of  vitamin  A.  The  method  as  published  is  a  minimal  po¬ 
tency  assay — i.e.,  the  response  of  a  single  assay  group  is  com¬ 
pared  with  that  of  a  single  reference  group.  Interpretation  is 
therefore  limited  to  the  statement  that  the  test  material  contains 
less  than  or  not  less  than  the  amount  of  vitamin  A  assumed  to  be 
present  in  establishing  its  dose  level.  For  the  purpose  of  the  pres¬ 
ent  study,  however,  it  was  necessary  to  obtain  more  quantitative 
evaluations  by  conducting  multiple-level  assays — i.e.,  assays  in 
which  the  biological  response  to  graded  doses  of  vitamins  is  de¬ 
termined.  Thus,  the  bioassay  technique  in  this  study  was  the 
unmodified  U.S.P.  procedure,  but  experimentally  designed  to 
ascertain  by  analysis  of  variance  (/)  (a)  whether  the  animals  re¬ 
sponded  sensitively  enough  to  yield  a  statistically  valid  response 
gradient,  ( b )  whether  the  slopes  of  the  curve  of  response  to  equal 
vitamin  increments  were  substantially  the  same  in  both  the 
assay  and  reference  groups,  (c)  whether  departures  from  linearity 
of  the  dose-response  relationship  was  sufficiently  great  to  vitiate 
the  assay,  and  (d)  the  limits  within  which  the  estimate  of  potency 
may  be  regarded  as  reliable.  The  mean  standard  error  of  esti¬ 
mate  in  1 10  such  bioassays  was  11%. 

In  each  test  two  equal-sized  groups  of  rats  (all  males  and  at 
least  eight  in  each  group)  received  the  unknown  material,  and 
two  the  standard.  Distribution  of  fitter-mates  among  these 
groups  was  balanced  to  the  best  possible  extent.  The  intervals 
between  dosage  levels  of  both  assay  material  and  reference  oil 
were  the  same,  the  animals  receiving  either  1.5  or  2.5  U.S.P. 
units  of  the  U.S.P.  reference  cod  fiver  oil  No.  2  daily  or  the  same 
relative  doses  (expected  unitages)  of  the  assay  material.  Assays 
in  which  the  slope  of  response  was  not  significant,  or  in  which  the 
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slope  of  response  of  the  assay  group  differed  significantly  from 
that  of  the  reference  group,  or  in  which  the  error  of  the  estimate 
was  inordinately  high,  were  not  considered;  however,  such  in¬ 
stances  were  rare. 


RESULTS 

In  Table  I  is  presented  a  comparison  of  biological,  spectropho- 
tometric,  and  colorimetric  assays  of  12  fish  liver  oils  or  concen¬ 
trates  in  terms  of  the  per  cent  deviation  of  the  nonbiological  es¬ 
timates  from  bioassay  values.  In  these  preliminary  tests  the 
ultraviolet  absorption  curves  were  not  obtained.  The  estimates 
based  on  the  spectrophotometric  tests  of  the  whole  oils  averaged 
16%  greater  than  the  bioassay  values  and  except  for  a  few  cases 
were  consistently  on  the  high  side.  Similarly,  the  spectrophoto¬ 
metric  estimates  based  on  the  unsaponifiable  extracts  of  these  oils 
were  about  13%  above  that  of  the  bioassay.  This  may  be  taken  to 
indicate  that  in  two  thirds  of  these  cases  the  factor  2000,  em¬ 
ployed  for  converting  the  E\ °^m  328  m/t  reading  to  vitamin  A  unit- 
age,  was  too  high.  The  colorimetric  procedure  applied  to  the 
whole  oil  also  gave  high  estimates  in  the  majority  of  instances. 
However,  the  average  estimate  of  vitamin  A  content  based  on  the 
colorimetric  test  of  the  unsaponifiable  fraction  was  close  to  the 
bioassay  values,  the  distribution  of  the  deviation  being  fairly  well 
balanced. 

On  the  basis  of  these  preliminary  tests,  it  was  concluded  that 
there  was  no  advantage  in  conducting  colorimetric  assays  of 
whole  oils.  Since  it  was  clearly  demonstrated  that  the  unsaponi¬ 
fiable  extract  could  be  prepared  without  loss  of  vitamin  A  ( 6 ),  the 
data  strongly  suggested  that  the  colorimetric  procedure  applied  to 
the  unsaponifiable  extract  furnished  a  more  accurate  (specific) 
measure  of  true  vitamin  A  content.  In  order  to  determine  why 
good  agreement  was  obtained  between  bioassay  and  spectropho¬ 
tometric  estimates  in  some  samples  and  not  in  others,  it  was  de¬ 
cided  to  supplement  all  readings  of  Em  with  the  critical  extinction 
ratios.  Experiments  in  this  laboratory  and  elsewhere  have  dem¬ 
onstrated  that  almost  without  exception  the  extinction  ratio 
#350/328  of  oils  and  concentrates  approximates  that  of  pure  vitamin 


.68 

• 

86 

• 

.64 

• 

.02 

• 

•  • 

.80 

■h  .78 
0 

j;  76 

o 

-b 

—  • 

• 

• 

• 

* 

• 

m 

• 

•  • 

•  •  • 

• 

M  •  • 

-72 

co  -70 

m 

•  • 

-Q..68 

- 

m 

I'66 

.64 

- 

• 

• 

.62 

-  • 

.60 

- 

• 

.58 

- 

1 . 

i  i 

1  1  1 _ 1 _ 

AS 

O 

v! 

0 

0  10  20  30  40  50  60  70 

Deviation  (per  cent)  of  ^pec.  estimate  (Ew  x  2000) 
from  bio  estimate 

E 300/328 

No.  of  samples 

Fen  cent  of  samples 
whose  spec,  estimates 
deviate  from  bio  by  =  +20% 

§  0.72 

33 

55 

<  0.72 

22 

18 

Fisure  1 .  Relation  of  Extinction  Ratio  to  Deviation  from  Bioassay 
of  Spectrophotometric  Estimate 

Based  on  analysis  ot  whole  oil 


Table  I.  Per  Cent  Deviation  of  Nonbiological  Estimates  of 
Vitamin  A  Content  from  Bioassay  Values 

Whole  Oil  Unsaponifiable  Fraction 


Sample 

Bioassay 

Value 

Spectro¬ 

photo¬ 

metric0 

Colori¬ 
metric  6 

Spectro¬ 

photo¬ 

metric0 

Colori¬ 

metric6 

5 

U.S.P.  units/g. 

225,400 

% 

-  4.3 

% 

-  4.3 

% 

-  5.7 

% 

-  5.9 

19 

68,860 

-  5.7 

-  1.7 

-  5.4 

-13.5 

23 

207,800 

-  6.6 

-17.2 

-  7.2 

-21.1 

26 

144,000 

30.0 

26.4 

33.3 

15.2 

31 

'  960,000 

26.2 

26.0 

20.8 

1.9 

36 

104,000 

39.7 

31.5 

34.2 

16.1 

37 

270,000 

32.6 

33.0 

26.7 

14.1 

40 

158,800 

19.8 

15.6 

16.9 

7.7 

47 

1,170,000 

12.5 

13.0 

5.5 

-  0.9 

64 

197,000 

-  2.1 

-  7.2 

-  6.1 

-13.9. 

83 

301,400 

31.7 

27.7 

24.1 

18.1 

93 

335,000 

17.7 

4.4 

17.3 

1.1 

V. 

;andard  deviation 

15.96 

16.88 

12.27 

17.10 

12.87 

15.91 

1.58 

13.17 

b  Standard  =  distilled  esters  (sample  5)  (Em  X  2000  =  215,600). 


A,  falling  between  0.45  and  0.65.  The  most  significant  region  of 
the  ultraviolet  absorption  curve  of  vitamin  A  has  been  shown  (6) 
to  lie  below  328  millimicrons.  For  this  reason  major  emphasis 
in  this  paper  has  been  placed  upon  the  extinction  ratio  #300/325- 
As  may  be  expected  from  the  upward  swing  of  the  left  leg  of  the 
curve  upon  oxidation  of  vitamin  A  (6') ,  the  deviation  of  the  ex¬ 
tinction  ratio  from  that  of  the  pure  vitamin  is  of  considerably 
greater  magnitude  at  300  mu  than,  for  example,  at  310  mu.  This 
is  not  compensated  by  the  slightly  greater  precision  of  the  read¬ 
ings  at  .#310  when  the  Beckman  spectrophotometer  is  employed 
with  the  tungsten  lamp.  Thus,  although  the  data  are  available, 
#310/328  values  are  not  reported  in  this  paper. 

No  study  has  yet  been  published  on  the  correlation  between 
the  biological  assay  values  and  the  deviations  in  the  extinction 
ratio  curve  from  that  of  pure  vitamin  A.  One  of  the  purposes  of 
the  present  paper  is  to  present  such  data,  in  order  to  ascertain 
whether  or  not  a  value  may  be  established  for  the  extinction  ratio 
#300/328  above  which  spectrophotometric  estimates  of  vitamin  A 
content,  based  upon  the  328  m/x  readings,  may  be  considered  to  be 
questionable. 

Figures  1  to  3  are  spot  diagrams,  presenting  the  results  obtained 
in  testing  fish  liver  oils  and  concentrates  by  multiple-level  bio¬ 
assays  with  values  yielded  by  spectrophotometric  and  colorimet¬ 
ric  tests,  the  latter  conducted  on  the  unsaponifiable  fractions. 
In  Figure  1  the  percentage  deviations  from  the  bioassay  estimates 
of  the  spectrophotometric  results  based  on  analyses  of  the  whole 
oils  or  concentrates  are  plotted  against  the  values  for  #300/325- 
Statistical  studies  in  these  laboratories  and  elsewhere  have  showD 
that  the  standard  error  of  the  U.S.P.  minimal  potency  (single- 
level)  bioassay  as  ordinarily  conducted  approximates  25  to  30%. 
This  is  considerably  greater  than  the  standard  error  of  the  series 
of  multiple-level  assays  here  reported.  For  the  purpose  of  this 
presentation  the  permissible  deviation  of  the  spectrophotometric 
estimate  from  the  bioassay  is  taken  to  be  20%,  and  is  indicated 
by  the  ordinate  drawn  at  that  point.  By  inspection,  an  abscissa 
can  be  drawn  which  differentiates  those  samples  showing  fail 
agreement  between  the  spectrophotometric  and  biological  assaj 
estimates  from  those  in  which  the  incidence  of  deviation  is  high 
It  is  then  seen  that  somewhat  more  than  half  of  the  oils  whose  ex 
tinction  ratios  at  300  mM  fell  in  the  higher  range  yield  spectropho 
tometric  estimates  which  deviated  from  their  biological  potencie 
by  more  than  20%  and  in  many  cases  by  more  than  30%.  Oi 
the  other  hand,  of  the  22  samples  with  the  lower  extinction  ratios 
only  4  samples  deviated  from  the  bioassay  figures  by  more  thai 
20%  and  in  only  one  case  by  more  than  30%.  That  this  relatioi 
of  the  extinction  ratio  of  the  whole  oil  to  the  deviation  from  th 
biological  assay  is  real  and  not  due  to  chance  has  been  confirms 
by  the  chi  square  test.  These  data  furnish  experimental  justifi 
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Pep  cent  of  samples 

E300/328 

No.  of  samples 

whose  spec,  estimates 
deviate  fpom  bio  by  2  +  20  % 

i  0.72 

17 

35 

<  0.72 

14 

14 

Figure  2.  Relation  of  Extinction  Ratio  to  Deviation  from  Bioassay 
of  the  Spectrophotometric  Estimate 

Based  on  analysis  of  unsaponifiable  extract 

cation  for  the  more  or  less  arbitrary  adoption  of  0.73  as  the  criti¬ 
cal  ratio  in  specifications  of  the  War  Food  Administration  for 
vitamin  A-bearing  oils. 

A  similar  diagram  has  been  constructed  (Figure  2)  relating  the 
extinction  ratios  to  the  deviations  from  the  bioassays  of  the  spec¬ 
trophotometric  estimates  when  the  tests  were  based  on  unsaponi- 
fiable  extracts.  While  this  is  a  somewhat  smaller  series,  it  is  ob¬ 
vious  that  samples  with  extinction  ratios  equal  to  or  above  0.72 
showed  a  greater  incidence  of  significant  deviation  from  the  bio¬ 
logical  estimates  than  samples  whose  extinction  ratios  are  below 
0.72.  In  fact,  if  the  ordinate  for  maximal  permissible  deviation 
is  constructed  at  the  10%  point  the  distinction  between  samples 
with  ratios  above  or  below  0.72  is  even  more  marked;  in  that 
case  the  chi  square  test  indicates  a  probability  of  less  than  1% 
that  this  distribution  is  due  to  chance. 

In  Figure  3  the  extinction  ratios  of  a  series  of  37  oils  or  con¬ 
centrates  are  plotted  against  the  deviations  from  bioassays  of 
the  colorimetric  estimates  (all  tests  on  unsaponifiable  extracts). 
It  will  be  seen  that  in  only  four  cases  was  this  deviation  greater 
than  16%  and  that  the  agreement  between  the  colorimetric 
and  biological  estimates  was  independent  of  the  extinction  ratios. 

U.S.P.  reference  standard  No.  2  was  employed  in  the  bioassays 
here  reported.  It  has  since  been  replaced  by  No.  3,  a  fresh 
bottling  of  the  same  oil,  which  the  authors  have  found  by  bioassay 
as  well  as  by  the  nonbiological  tests  to  be  of  higher  vitamin  A  po¬ 
tency.  Had  the  reference  standard  No.  3  been  used  in  these  bio¬ 
assays  the  spectrophotometric  and  colorimetric  estimates  might 
have  deviated  even  more  from  the  bioassay  values. 

Most  analysts  will  agree  that  spectrophotometric  estimates  of 
vitamin  A  content  are  maximal  values,  since  other  materials  may 
be  present  which  also  absorb  light  at  328  millimicrons.  However, 
many  are  of  the  opinion  that,  despite  the  inherent  tendency  on 
the  part  of  the  spectrophotometric  method  to  overestimate 
potencies,  this  procedure  can  be  used  to  obtain  a  valid  relative 
picture  of  the  fate  of  vitamin  A  during  processing,  storage,  etc. 
This  is  possible  only  as  long  as  the  ultraviolet  absorption  curves 
for  the  test  extracts  continue  to  be  characteristic  of  the  vitamin  A 


curve.  In  order  to  illustrate  this  point  the  results  of  a  study 
are  presented  involving  periodic  determinations  of  vitamin  A  in 
a  pharmaceutical  emulsion  during  storage. 

The  data,  presented  in  Figure  4,  indicate  that  the  absorption 
curve  of  the  unsaponifiable  fraction  obtained  from  the  freshly  pre¬ 
pared  emulsion  deviated  somewhat,  but  not  markedly,  from  that 
of  pure  vitamin  A  alcohol.  Em/m  was  about  0.69.  After 
storage  at  room  temperature  for  about  one  month,  a  significant 
upward  swing  in  the  left  leg  of  the  curve  was  noticed,  which  in¬ 
creased  progressively,  until  at  6  months’  storage  practically  all 
semblance  to  the  vitamin  A  curve  had  disappeared.  However, 
there  was  no  corresponding  downward  trend  in  the  extinction  co¬ 
efficients  at  328  millimicrons,  despite  the  fact  that  the  tests  were 
based  on  the  unsaponifiable  extracts. 

The  correlation  of  the  above  spectrophotometric  data  with 
the  colorimetric  values  and  those  obtained  by  multiple-level  bio¬ 
logical  assays  is  shown  in  Table  II.  The  vitamin  A  estimates  ob¬ 
tained  spectrophotometrically  showed  no  marked  change  even 
after  6  months’  storage  of  the  emulsion  at  room  temperature; 
the  colorimetric  values,  however,  decreased  progressively.  Fur¬ 
thermore,  the  colorimetric  estimate  was  significantly  lower  than 
the  spectrophotometric  in  the  case  of  the  freshly  prepared  emul¬ 
sion,  and  in  better  agreement  with  the  theoretical  value  based 
upon  the  vitamin  A  content  of  the  fortifying  oil.  All  colorimetric 
estimates  were  in  excellent  agreement  with  the  vitamin  A  potency 
as  determined  biologically.  Obviously,  therefore,  in  the  freshly 
prepared  emulsion,  substances  were  present  which  absorbed  light 
at  328  m/x  and  these  increased  in  concentration  during  the  period 
of  storage  to  a  degree  more  than  sufficient  to  offset  the  loss  of  true 
vitamin  A.  This  illustrative  case  demonstrates  that  caution 
must  be  exercised  when  the  spectrophotometric  method  is  em¬ 
ployed,  even  when  the  test  is  applied  to  a  single  product  undergo¬ 
ing  change  upon  storage. 

It  is  also  held  by  some  that  the  spectrophotometric  method  may 
be  used  tor  the  analysis  of  a  food  mixture  known  to  contain  no 
preformed  vitamin  A,  and  fortified  with  a  good  quality  of  oil  or 
concentrate  characterized  by  an  ultraviolet  absorption  curve  in 
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Figure  3.  Relation  of  Extinction  Ratio  to  Deviation  from  Bioassay 
of  the  Colorimetric  Estimate 
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Table  II.  Estimation  of  Vitamin  A  Potency  of  Pharmaceutical 
Emulsion  Based  upon  Various  Test  Procedures 

Vitamin  A  Estimate* 1 2 3 4 5 _ 

Spectro-  Colori-  _  Standard  Error 

Sample  photometric  metric  Bioassay  of  Bioassay 

U.S.P.  units  per  gram  % 

Freshly  prepared  980  610  596  8 

Stored  1  month  at  room 

temperature  780  425  439  8 

Stored  6  months  at 

room  temperature  980  320  345  6 

°  Spectrophotometric  and  colorimetric  tests  were  conducted  on  aliquots 
of  same  unsaponifiable  extracts.  Theoretical  value  for  freshly  prepared 
emulsion  was  615  U.S.P.  units  per  gram. 


Obtained  in  tests  conducted  on  a  fleshly  prepared  and  stored 


fish  liver  oil  emulsion 

A.  Vitamin  A  alcohol  £328 

B.  Emulsion,  freshly  prepared  0.49 

C.  Emulsion,  stored  1  month  at  room  temperature  0.39 

D.  Emulsion,  stored  6  months  at  room  temperature  0.49 


excellent  agreement  with  that  of  pure  vitamin  A.  However,  this 
does  not  take  cognizance  of  the  fact  that  the  unsaponifiable  ex¬ 
tracts  prepared  from  the  basic  test  materials  usually  show 
irrelevant  absorption,  328  rap  readings  being  erroneously  high. 
The  extent  to  which  this  may  interfere  with  tests  for  vitamin  A 
is  illustrated  by  the  data  in  Table  III.  The  nonbiological  tests, 
spectrophotometric  and  colorimetric,  were  conducted  on  the  same 
unsaponifiable  extracts  of  the  test  materials.  Vitamin  A  values 
obtained  by  the  direct  spectrophotometric  procedure  have  been 
observed  at  times  to  be  as  much  as  250%  in  excess  of  the  true 
potencies.  The  simplest  and  most  reliable  nonbiological  method 
for  the  assays  of  vitamin  A-fortified  foods  is  the  antimony  trichlo¬ 
ride  test  of  the  unsaponifiable  extract,  already  described  (7). 
Modified  spectrophotometric  procedures  involving  destructive 
irradiation  of  the  vitamin  {2-5,  8)  to  obtain  a  blank  correction  for 
irrelevant  absorption  likewise  are  open  to  criticism.  Such  meth¬ 
ods  necessitate  preliminary  proof  of  complete  destruction  of  vita¬ 
min  A  and  of  the  absence  of  newly  created  nonspecific  absorption; 
they  involve  additional  analytical  steps,  the  vitamin  is  deter¬ 
mined  by  difference,  thus  reducing  the  precision,  and  the  blank 
correction  is  usually  large  in  relation  to  actual  vitamin  A  content. 
The  spectrophotometric  procedure  recently  published  by  Wilkie 
and  DeWitt  {10),  involving  preliminary  chromatographic  frac¬ 
tionation  of  the  unsaponifiable  extract,  has  interesting  possibili¬ 
ties,  but  according  to  the  authors  it  requires  elaborate  precau¬ 
tions  for  avoiding  difficulties  and  yields  extracts  with  atypical 


absorption  curves  (necessitating  use  of  the  340  m/x  reading — i.e., 
on  the  slope  of  the  curve — as  the  basis  for  converting  to  vitamin  A 
unitage) . 

SUMMARY 

In  the  present  study  110  samples  of  fish  liver  oils,  pharmaceu¬ 
tical  products,  and  vitamin  A-fortified  foods  were  employed  to 
ascertain  how  well  the  results  of  the  improved  spectrophotomet¬ 
ric  and  colorimetric  methods  for  vitamin  A  correlate  with  the 
values  yielded  by  quantitative,  multiple-level  bioassays.  Fifty- 
five  per  cent  of  oils  whose  extinction  ratios  at  300  rap.  equaled  or 
were  above  0.72  gave  spectrophotometric  estimates  which  devi¬ 
ated  from  the  biological  estimates  of  their  potency  by  more  than 
20%.  Only  four  out  of  22  oils  with  values  for  Em/m  less  than 
0.72  gave  spectrophotometric  estimates  more  than  20%  in  ex¬ 
cess  of  the  biological  estimates.  A  similar  relationship  was  ob¬ 
served  in  the  spectrophotometric  values  based  on  the  unsaponi¬ 
fiable  extracts.  These  findings  indicate  that  a  spectrophotomet¬ 
ric  estimate  based  upon  E3m  is  much  more  likely  to  pass  the  bio¬ 
logical  assay  when  Ezm/m  is  less  than  0.72,  whereas  an  oil  with 
a  ratio  equal  to  or  above  0.72  has  only  an  even  chance  of  passing 
the  animal  test;  in  other  words,  the  validity  of  such  spectropho¬ 
tometric  estimates  may  justifiably  be  doubted.  On  the  other 
hand,  good  agreement  was  noted  between  biological  and  colori¬ 
metric  estimates  and  this  was  for  the  most  part  independent  of 
extinction  ratios.  The  greater  specificity  of  the  colorimetric 
procedure  over  the  other  nonbiological  methods  was  noted  only 
when- the  determination  was  based  on  the  unsaponifiable  fraction. 
The  simplicity  and  reliability  of  the  colorimetric  procedure  make 
it  the  preferred  method  for  assaying  pharmaceutical  and  vitamin 
A-fortified  food  products,  whose  unsaponifiable  extracts  show 
nonspecific  absorption  at  328  mp. 


Table  III.  Comparison  of  Values  for  Vitamin  A  Content  of  Fortified 
Foods"  Obtained  by  Spectrophotometric,  Colorimetric,  and 


Biological  Assays 

Vitamin  A  Estimate6 7 8 9 10 

Standard 

Spectro- 

Colori- 

Error  of 

No. 

Sample 

photometric 

metric 

Bioassay 

Bioassay 

U.S.P.  units  per  lb. 

% 

1 

Margarine 

32,200 

14,400 

16,700 

24 

(2.90) « 

2 

8,800 

10,200 

17 

8 

13,400 

18,300 

10 

15 

13,500 

16,000 

13 

16 

Poultry  feed 

54,500 

33,000 

33,000 

8 

supplement 

(1.20) c 

70 

182,000 

88,500 

91,000 

.  . 

(1.17) c 

°  Products,  initially  containing  no  preformed  vitamin  A  or  carotene,  en¬ 
riched  with  vitamin  A  oils  or  concentrates  of  good  quality  as  ascertained  by 
spectrophotometric,  colorimetric,  and  biological  assay  data. 

b  Spectrophotometric  and  colorimetric  tests  conducted  on  aliquots  of  same 
unsaponifiable  extracts.  .  . 

c  Values  are  extinction  ratios,  E 300/32*,  of  test  solutions;  they  indicate 
marked  departure  from  typical  vitamin  A  absorption  curve.  Thus,  spectro¬ 
photometric  estimates  are  in  themselves  unreliable. 
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Quantitative  Determination  of  Carbon  Disulfide 

In  Presence  of  Carbon  Tetrachloride  by  Use  of  the  Dead-Stop  End  Point 

RICHARD  L.  BISHOP  AND  E.  LOUISE  WALLACE,  Eastman  Kodak  Company,  Rochester,  N.  Y. 


The  iodometric  titration  of  xanthate  has  been  adapted  to  the  deter* 
mination  of  1  to  200  p.p.m.  of  carbon  disulfide  in  carbon  tetra¬ 
chloride,  by  use  of  the  dead-stop  end  point.  The  method  is 
rapid,  precise,  and  accurate,  and  is  especially  suited  for  routine 
analysis  of  many  samples  concurrently  by  one  analyst. 

OF  SEVERAL  methods  for  the  determination  of  small 
amounts  of  carbon  disulfide  ( 1~4 ,  6),  none  was  found  fully 
satisfactory  for  determining  this  substance  in  carbon  tetrachlo¬ 
ride.  A  satisfactory  method,  however,  was  developed  by  the 
adaptation  of  the  iodometric  method  of  Matuszak  (3),  who  has 
reviewed  the  pertinent  literature.  This  method  involves  the  for¬ 
mation  of  a  xanthate  by  the  reaction  between  carbon  disulfide 
and  alcoholic  potassium  hydroxide.  The  xanthate  formed  is 
quantitatively  determined  by  direct  titration  with  0.001  N 
iodine  using  the  dead-stop  end  point. 

O— C2H6 

/ 

CS2  +  KOH  +  C2H5OH  — >  S=C  +  H20 

K 

O— C2H5 

2  S=Cf/  +  I2  — >  2  KI  +  (S=COC,H5.S)2 

\ 

S— K 

1  mole  of  CS2  =  1  mole  of  S :  COC>H5.SK  =  1/2  mole  of  I2 


Standard  0.001  N  sodium  thiosulfate  solution  for  standardizing 
the  iodine  was  made  up  fresh  when  needed  by  diluting  the 
proper  amount  of  0.1  Ar  solution  to  1  liter  with  freshly  boiled  and 
cooled  distilled  water. 

Iodine  Solution.  A  0.1  N  iodine  solution  was  prepared  by 
dissolving  12.7  grams  of  reagent  grade  iodine  and  20  grams  of 
reagent  grade  potassium  iodide  in  distilled  water  to  make  1  liter  of 
solution.  This  stock  solution  was  stored  in  a  dark  brown  glass- 
stoppered  bottle. 

Standard  0.001  N  iodine  solution  was  made  up  fresh  daily  by 
diluting  10  ml.  of  the  stock  0.1  N  iodine  solution  to  1  liter  with 
distilled  water.  The  0.001  N  iodine  was  then  standardized  against 
a  measured  amount  of  0.001  N  sodium  thiosulfate  solution,  using 
the  dead-stop  end  point  at  100  millivolts  electrode  potential.  No 
attempt  was  made  to  obtain  a  0.001  N  iodine  solution  from  a 
carefully  measured  amount  of  standard  0.1  N  iodine  because  a 
slight  error  develops  from  the  loss  of  iodine  in  high  dilution. 

Alcoholic  Potassium  Hydroxide.  Six  grams  of  reagent 
grade  potassium  hydroxide  were  dissolved  in  100  ml.  of  absolute 
alcohol.  This  solution  should  be  prepared  fresh  each  week  and 
stored  in  a  refrigerator  in  a  reagent  bottle  with  a  paraffined  glass 
stopper. 

Acetic  Acid.  Sixty  grams  of  reagent  grade  glacial  acetic  acid 
were  diluted  to  1  liter  with  distilled  water. 

Ethyl  alcohol,  3A  specially  denatured.  Carbon  tetrachloride, 
Eastman  Reagent  No.  444  (carbon  disulfide-free).  Carbon 
disulfide,  reagent  grade.  Starch  indicator.  Phenolphthalein 
indicator. 


GENERAL  PROCEDURE 

The  procedure  resulting  from  the  experimental  work  outlined 
in  this  paper  and  found  most  satisfactory  for  routine  purposes  is 
as  follows: 


The  original  method  of  Matuszak  ( 3 )  was  tried  with  little  suc¬ 
cess  because  it  was  impossible  to  obtain  a  good  end  point  with 
starch  indicator  in  the  presence  of  a  large  amount  of  carbon  tetra¬ 
chloride. 

APPARATUS 

The  apparatus  for  adding  the  iodine  and  stirring  the  solutions 
was  exactly  like  that  used  by  Wernimont  and  Hopkinson  ( 8 ), 
except  that  an  ordinary  50-ml.  buret  was  sub¬ 
stituted  for  the  automatic  buret.  The  dead- 
stop  apparatus  employed  was  very  similar  to 
that  described  by  Wernimont  and  Hopkinson  (7), 
with  the  potential  between  the  electrodes  set  at 
100  millivolts.  Some  trouble  was  encountered 
when  mercury  was  used  as  a  contact  medium 
between  the  short  platinum  tips  and  the  copper 
lead  wires  in  the  glass  tubing  of  the  electrodes. 

This  was  eliminated  by  using  a  15-cm.  (6-inch) 
length  of  platinum  wire,  so  that  a  solid  contact 
could  be  made  between  the  platinum  and  the 
copper  leads. 

The  Serfass  electron-ray  titrimeter  (5)  was 
tried  in  place  of  the  dead-stop  apparatus,  but 
was  not  sensitive  enough  to  produce  a  sharp  end 
point  when  used  with  0.001  N  reagents. 


REAGENTS 

Sodium  Thiosulfate  Solution.  A  stand¬ 
ard  0.1  N  solution  was  made  by  dissolving 
25.0  grams  of  reagent  grade  sodium  thiosul¬ 
fate  pentahydrate  in  freshly  boiled  and  cooled 
distilled  water  to  make  1  liter  of  solution.  This 
solution  was  standardized  against  N.B.S.  potas¬ 
sium  dichromate  and  then  stored  in  a  glass- 
stoppered  bottle.  When  prepared  and  stored  in 
this  manner  the  solution  did  not  show  a  change 
in  strength  over  a  period  of  several  weeks. 


Measure  a  25-ml.  sample  of  the  material  to  be  tested  in  a  gradu¬ 
ated  cylinder,  and  pour  it  into  a  250-ml.  glass-stoppered  Erlen- 
meyer  flask.  (In  cases  where  a  preliminary  run  shows  more  than 
50  p.p.m.  of  carbon  disulfide  to  be  present,  it  is  best  to  take  a 
smaller  sample.)  Add  2  ml.  of  alcoholic  potassium  hydroxide  to 
the  sample  and  allow  it  to  stand  for  30  minutes  with  occasional 
agitation  while  the  xanthate  forms. 

Add  one  drop  of  phenolphthalein  indicator  and  make  the  solu- 


Fisure  1.  Time  of  Reaction  to  Form  a  Xanthate  for  Knowns  of  Carbon  Disulfide  in 

Carbon  Tetrachloride 

CS>  present,  p.p.m.:  A.  1.  B,  2.  C,  3.  D,  5.  E,  10.  F,  25.  G,  50.  H,  100.  7,200 
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Table  I.  Analysis  of  Knowns 


Sample 

Amount  of 

0.001  N,  Iodine 

Carbon  Disulfide 

No. 

Sample 

Solution,  Net 

Present 

Found 

Difference 

Ml. 

Ml. 

P.p.m. 

P.p.m. 

P.p.m. 

1 

25 

0.58 

1.0 

1.1 

+0.1 

2 

25 

1.16 

2.0 

2.2 

+0.2 

3 

25 

1.68 

3.0 

3.2 

+  0.2 

4 

25 

2.78 

5.0 

5.3 

+0.3 

5 

25 

5.29 

10.0 

10.1 

+  0.1 

6 

25 

12.89 

25.0 

24.6 

-0.4 

7 

10 

10.27 

50.0 

49.0 

-1.0 

8 

10 

20.63 

100.0 

98.4 

-1.6 

9 

5 

20.55 

200.0 

196.0 

-4.0 

Specific  gravity  of  samples  at  20°/4°  C.  =  1.5937 


tion  slightly  acid  by  the  addition  of  dilute  acetic  acid  from  a  buret 
until  3  or  4  drops  in  excess  are  indicated.  Immediately  add  50 
ml  of  ethyl  alcohol  (3 A  specially  denatured),  connect  the  flask  to 
the  titration  apparatus,  and  titrate  to  a  dead-stop  end  point  with 
0.001  N  iodine  solution.  Similarly  treat  a  blank  containing  all 
the  reagents  and  omitting  the  sample.  At  the  start  of  the  ti¬ 
tration  the  galvanometer  will  show  no  reading.  As  the  end  point 
is  approached  the  galvanometer  will  show  a  temporary  deflection 
of  about  3  scale  divisions  as  each  drop  of  iodine  reagent  is  added. 
At  the  true  end  point  one  drop  of  reagent  causes  a  permanent 
galvanometer  deflection  of  3  to  5  scale  divisions.  However, 
greater  speed  in  the  titration  may  be  obtained  without  loss  in 
accuracy  by  choosing  a  point  at  10  or  15  on  the  galvanometer 
scale  as  the  final  end  point  and  titrating  to  this  same  point  with 
the  blank  and  all  the  samples. 

Calculation.  1  ml.  of  0.001  N  iodine  =  76  micrograms  of 
carbon  disulfide. 

EXPERIMENTAL  RESULTS 

The  first  series  of  experiments  was  made  to  find  the  time  re¬ 
quired  to  complete  the  reaction  of  the  carbon  disulfide  with  the 
alcoholic  potassium  hydroxide,  and  to  determine  the  stability  of 
the  xanthate  formed.  Knowns  of  from  1  to  200  p.p.m.  of  carbon 
disulfide  were  used  for  this  experiment.  Figure  1  shows  that  any 
length  of  time  from  30  minutes  to  2  hours  may  be  allowed  for  this 


reaction.  However,  the  30-minute  point  was  chosen  for  a  routine 
procedure  to  speed  up  the  analysis. 

A  second  series  of  experiments  was  carried  out  to  determine  the 
precision  and  accuracy  of  the  method  when  applied  to  carboD 
tetrachloride  containing  various  amounts  of  carbon  disulfide 
(Table  I). 

The  samples  were  prepared  by  carefully  weighing  known  quan¬ 
tities  of  carbon  disulfide  in  a  weighed  100-ml.  glass-stoppered 
volumetric  flask  containing  about  25  ml.  of  carbon  disulfide-free 
carbon  tetrachloride.  The  mixture  was  then  diluted  to  the  mark 
at  20°  C.  Aliquots  of  this  first  100-ml.  mixture  were  measured 
from  a  jacketed  buret  at  20°  C.  and  further  diluted  with  carbon 
tetrachloride  to  obtain  the  desired  knowns. 

SUMMARY 

The  method  described  in  this  paper  was  found  to  be  very  prac¬ 
tical  and  rapid,  giving  a  relatively  high  degree  of  precision  and 
accuracy.  It  was  especially  useful  in  routine  work  where  a  large 
number  of  samples,  with  approximately  the  same  amount  of 
carbon  disulfide  impurity,  had  to  be  analyzed  in  a  short  time. 
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Analysis  of  Cyclopropane-Propylene  Mixtures 
by  Selective  Hydrogenation 

E.  S.  CORNER1  AND  R.  N.  PEASE,  Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 


A  new  method,  presented  for  the  analysis  of  cyclopropane- 
propylene  mixtures  by  selective  hydrogenation,  consists  in  passing 
the  mixture  with  hydrogen  over  a  nickel-kieselguhr  catalyst  par¬ 
tially  poisoned  with  mercury  to  hydrogenate  the  olefin,  then  over 
a  nonpoisoned  catalyst  to  hydrogenate  the  cyclopropane.  Accu- 

A  SEARCH  of  the  literature  reveals  no  method  for  the  direct 
determination  of  cyclopropane.  Several  methods  for  the 
analysis  of  binary  mixtures  of  propylene  and  cyclopropane  have 
been  proposed,  the  most  widely  used  of  which  is  based  upon  ab¬ 
sorption  of  the  propylene  in  a  3%  aqueous  potassium  permanga¬ 
nate  solution  ( 1 ,  2,  4)-  Cyclopropane  is  found  by  difference  after 
correcting  for  solubility  effects.  However,  in  the  presence  of 
saturated  hydrocarbons  or  other  inert  gases,  no  analysis  is  pos¬ 
sible.  A  new  method,  based  upon  selective  hydrogenation,  pro¬ 
vides  a  direct  analysis  for  cyclopropane.  In  addition,  small  gas 
volumes  (~1  cc.  at  normal  temperature  and  pressure)  may  be  ana¬ 
lyzed. 

Willstatter  and  Bruce  (6)  studied  the  hydrogenation  of  cyclo¬ 
propane  over  a  nickel  catalyst  and  found  that  appreciable  reac- 

1  Present  address,  Esso  Laboratories,  Standard  Oil  Development  Co., 
Elizabeth,  N.  J. 


racies  of  =*=0.5  numerical  %  are  obtained.  The  presence  of  inert 
components  such  as  gaseous  paraffins  does  not  interfere  with  the 
analysis  and  hence  a  real  advantage  is  realized  over  other  methods 
described  in  the  literature.  Small  samples  (~1  cc.  N.T.P.)  may 
be  analyzed  with  good  accuracy. 

tion  occurred  only  at  temperatures  above  80°  C.  while  propylene 
was  easily  hydrogenated  at  room  temperatures.  Accordingly, 
hydrogenation  studies  were  undertaken  in  an  attempt  to  apply 
this  reported  differential  effect  to  a  scheme  of  analysis. 

Preliminary  experiments  were  carried  out  using  a  nickel  cata¬ 
lyst  supported  on  kieselguhr.  Results  showed  that  this  catalyst 
after  reduction  in  hydrogen  completely  reduced  cyclopropane  to 
propane  in  a  few  passes  over  the  catalyst  at  temperatures  as  low 
as  0°  C.  Consequently,  a  reduction  of  the  activity  by  partial 
poisoning  was  attempted.  It  was  found  that  the  introduction  of 
a  few  drops  of  mercury  sufficiently  deactivated  the  catalyst  so  that 
reduction  of  propylene  was  complete  after  a  few  passes  while  cy¬ 
clopropane  was  unchanged  at  temperatures  up  to  200°  C.  The 
poisoning  technique  is  described  below.  A  nonpoisoned  catalyst 
was  used  for  the  hydrogenation  of  cyclopropane. 

Presumably  the  differences  in  activity  of  the  Willstatter  and 
Bruce  catalyst  and  the  one  employed  by  the  authors  are  attribut- 
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Figure  1.  Diagram  of  Apparatus 

able  to  differences  in  composition  and  method  of  preparation. 
The  catalyst  used  in  the  authors’  experiments  is  described  by 
Trenner,  Morikawa,  and  Taylor  ( 3 )  as  follows:  “The  nickel  cata¬ 
lyst  was  a  very  active  nickel-kieselguhr  preparation,  made  by 
precipitation  of  the  carbonate  on  kieselguhr,  ignition,  and  reduc¬ 
tion  in  hydrogen  at  progressively  increasing  temperature  to  450°. 
It  contained  15%  nickel.”  Willstatter  and  Bruce  (5)  describe 
their  catalyst  as  a  mixture  of  equal  parts  of  nickel  oxide  and 
pumice,  reduced  to  the  metal  at  280°  C. 

A  second  difficulty  encountered  was  adsorption  on  the  cata¬ 
lyst  surface.  Saturation  with  hydrogen  or  with  a  hydrogen- 
hydrocarbon  mixture  before  analysis  proved  unsatisfactory  be¬ 
cause  of  unequal  adsorption  of  the  constituents  of  the  mixture. 
These  effects  were  eliminated  by  evacuating  the  catalyst  chambers 
with  a  Toepler  pump  after  each  hydrogenation  and  returning  the 
recovered  gases  to  the  sample.  As  a  further  precaution,  small 
volumes  of  catalyst  were  employed.  The  expected  volumes  were 
recovered  within  experimental  error  in  all  cases. 

Since  the  usual  stopcock  greases  absorb  hydrocarbons  readily, 
it  was  necessary  to  employ  a  lubricant  made  up  of  glycerol,  dex¬ 
trin,  and  mannitol,  in  which  hydrocarbons  are  nearly  insoluble. 

APPARATUS  AND  PROCEDURE 

A  diagram  of  the  apparatus  is  shown  in  Figure  1.  Bulbs  A  i 
and  Ai  each  contained  2  or  3  cc.  of  catalyst  (actually  one  bulb 
was  placed  behind  the  other).  An  electrically  heated  furnace 
with  rheostat  control  was  placed  around  these  bulbs.  Ct,  used 
for  the  analysis  of  small  samples,  had  a  capacity  of  approximately 
4  cc.,  while  C 2  had  a  volume  of  100  cc.  These  were  enclosed  in  a 
water  jacket.  B,  which  served  for  passing  the  gaseous  mixture 
over  the  catalysts,  was  also  used  as  the  Toepler  pump  for  evacu¬ 
ating  the  catalyst  bulbs.  The  manometer,  M,  completed  the 
apparatus.  Capillary  tubing  throughout  minimized  the  dead 
space. 

Reduction  of  Catalysts  and  Poisoning  Technique.  The 
catalysts  were  reduced  in  a  slow  stream  of  hydrogen,  starting  at 
250  0  and  slowly  increasing  to  400  °.  Tank  hydrogen  was  purified 
by  passing  first  over  platinized  asbestos  and  then  through  a  liquid 
air  trap  to  remove  water. 

After  reduction  was  complete,  the  temperature  was  reduced  to 
150°,  the  hydrogenation  temperature,  and  one  of  the  catalysts 
was  partially  poisoned.  A  few  drops  of  mercury  from  bulb  B 
were  introduced  into  the  capillary  between  stopcocks  1  and  2  and 
then  pushed  over  into  the  catalyst  chamber  with  hydrogen  by 
lifting  bulb  D  after  filling  B  with  hydrogen.  The  catalyst  then 
possessed  the  desired  activity.  Fifteen  or  twenty  analyses  could 
be  made  before  regeneration  of  the  catalysts  became  necessary. 
This  was  carried  out  by  again  passing  hydrogen  over  the  catalysts 


at  approximately  300°.  Mercury  was  driven  off 
the  poisoned  catalyst,  after  which  the  activity  re¬ 
turned  to  normal  as  measured  by  its  ability  to 
reduce  cyclopropane  readily.  The  catalyst  was 
again  poisoned  by  the  technique  described. 

Analytical  Procedure.  Before  analysis 
the  catalyst  bulbs  (maintained  at  150°)  were 
evacuated  with  the  Toepler  pump  with  stop¬ 
cock  3  closed;  three  pumpings  of  each  catalyst 
were  sufficient.  With  the  Toepler  pump  filled 
with  mercury  and  stopcock  1  closed,  the  hy¬ 
drogen  pressure  was  adjusted  at  400  to  500  mm. 
and  the  manometer  read  with  the  mercury  levels 
at  marks  b  and  c.  The  hydrocarbon  sample  was 
then  introduced  and  the  manometer  read  with 
the  mercury  levels  at  marks  6  and  c  as  be¬ 
fore.  To  determine  the  olefin  content,  the  mix¬ 
ture  was  passed  several  times  over  the  poisoned 
catalyst  and  the  pressure  recorded  after  evacu¬ 
ating  the  catalyst.  To  check  completeness  of 
hydrogenation,  the  process  was  repeated.  The 
cyclopropane  was  then  determined  over  the  ac¬ 
tive  catalyst.  Saturates,  if  present,  were  ob¬ 
tained  by  difference.  The  capillary  tubing  must 
be  swept  out  during  the  analysis  to  ensure  con¬ 
tact  of  all  the  sample  with  the  catalysts. 

For  small  samples,  pressures  were  read  with 
the  mercury  level  adjusted  to  mark  a.  Before 
the  mixture  was  passed  over  the  catalysts,  the 
volume  was  expanded  by  lowering  E  and  reduc¬ 
tions  were  carried  out  at  low  pressures.  No 
noticeable  difference  was  detected  in  the  rates  of 
hydrogenation  at  these  reduced  pressures.  By  this  procedure 
very  small  samples  (~1  cc.  N.T.P.)  could  be  analyzed. 

A  buret  may  be  substituted  for  bulbs  Ci  and  C2  for  analyses  at 
constant  pressure.  For  small  samples  it  would  be  necessary  to  at¬ 
tach  a  bulb  below  a  microburet  for  expansion  to  facilitate  hydro¬ 
genation. 

The  details  of  procedure  outlined  above  apply  to  the  highly  ac¬ 
tive  catalyst  employed.  Although  the  authors  have  no  data  on 
the  behavior  of  less  active  catalysts,  with  appropriate  modifica¬ 
tion  in  operating  temperature  and  the  like,  such  differential  hy¬ 
drogenation  based  on  partial  poisoning  with  mercury  should  be 
successful  with  any  reasonably  active  supported  catalyst. 


Table  I.  Analysis  of  Cyclopropane-Propylene  Mixtures 

(Approximate  Ii 2-sample  ratio  2  to  1) 

Volume  of  Composition  of  Synthetic  Found  by  Analysis 

Sample  +  1 1?  Cyclopropane  Propylene  Cyclopropane  Propylene 


Cc. 

Vol.  % 

Vol.  % 

100 

21.6 

78.4 

21.4 

78.6 

100 

24.6 

75.4 

24.2 

76.0 

4 

33.6 

66.4 

33.4 

66.8 

100 

40.0 

60.0 

40.0 

59.7 

100 

48.5 

51.5 

48.1 

51.8 

100 

73.2 

26.8 

72.7 

27.2 

4 

73.8 

26.2 

74.3 

25.9 

100 

80.2 

19.8 

80.4 

20  0 

4 

100.0 

99.5 

100 

100.0 

100.2 

100° 

27.3 

26  T 

27.0 

26 !  2 

100“ 

30.1 

42.3 

30.3 

42.0 

“  Balance  of  sample  n-butane. 


RESULTS 

Various  mixtures  of  known  composition  have  been  analyzed 
and  the  results  are  tabulated  in  Table  I.  On  a  numerical  percent¬ 
age  basis,  accuracies  of  ±0.5%  are  obtained.  An  examination  of 
the  data  reveals  little  or  no  difference  in  precision  for  the  large  or 
small  samples — perhaps  because  of  the  few  data  presented.  Er¬ 
rors  arising  from  such  factors  as  adjusting  mercury  levels  would 
be  magnified  when  analyzing  small  samples.  However,  it  was 
found  that  reproducibility  in  adjusting  these  levels  for  one  small 
sample  was  within  0.5%.  The  importance  of  using  a  stopcock 
lubricant  in  which  hydrocarbons  are  nearly  insoluble  cannot  be 
overemphasized. 

Van  der  Waals  corrections  for  perfect  gas  deviations  were 
within  experimental  error  and  hence  no  corrections  have  been 
applied. 
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An  apparatus  similar  to  the  one  described,  but  using  only  one 
catalyst,  may  be  employed  for  determining  the  olefin  content  in 
gaseous  mixtures  containing  only  olefins  and  paraffins.  The 
method  possesses  definite  advantages,  since  adsorption  effects  are 
minimized  and  very  small  samples  may  be  handled. 

CONCLUSIONS 

A  method  developed  for  the  analysis  of  cyclopropane-propyl¬ 
ene  mixtures  by  selective  catalytic  hydrogenation  with  accuracies 
of  ±0.5%  provides  for  the  direct  determination  of  cyclopropane, 
and  hence  the  presence  of  saturated  hydrocarbons  does  not  inter¬ 
fere.  No  data  are  available  as  to  possible  interference  by  substi¬ 
tuted  acetylenes.  Other  methods  described  in  the  literature  do 
not  analyze  for  cyclopropane  directly.  Propylene  is  determined 


by  absorption  in  a  suitable  reagent  and  cyclopropane  obtained  by 
difference.  The  time  required  for  analysis  probably  represents  a 
saving — for  example,  from  1  to  2  hours  are  required  for  the  analy¬ 
sis  of  binary  mixtures  when  using  the  dilute  potassium  perman¬ 
ganate  procedure  ( 1 )  while  from  15  to  30  minutes  are  required 
with  this  method.  An  additional  advantage  is  that  small  samples 
(~1  cc.  N.T.P.)  may  be  handled  with  good  accuracy. 
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Ternary  Mixtures  of  Three  Isomeric  Hexanes 

Quantitative  Method  of  Analysis 

VERLE  A.  MILLER,  Research  Laboratories  Division,  General  Motors  Corporation,  Detroit,  Mich. 


Solution  temperature  measurements  were  made  using  all  the  isomeric 
hexanes  with  both  nitrobenzene  and  diethyl  phthalate.  Data  are 
given  which  make  it  possible  for  a  hexane  ternary  mixture  composed 
of  2,2-dimethylbutane,  2,3-dimethylbutane,  and  2-methylpentane 
to  be  analyzed  with  an  accuracy  of  0.5%  in  approximately  one  hour. 


IN  CONNECTION  with  research  at  the  General  Motors  Re¬ 
search  Laboratory  it  was  necessary  to  analyze  hexane  mix¬ 
tures  that  contained  much  smaller  quantities  of  the  doubly- 
branched  than  of  the  singly-branched  hexanes. 

The  automatic  stills  available  at  this 
laboratory  are  able  to  separate  the 
isomeric  hexanes  (6)  and,  when  the  dis¬ 
tillation  curve  is  supplemented  with  a 
refractive  index  curve,  a  good  analysis 
of  a  hexane  mixture  can  be  obtained  as 
long  as  there  is  a  sufficient  quantity  of 
each  isomer  in  the  mixture  to  obtain  a 
flat  portion  in  both  the  refractive  index 
and  boiling  point  curves.  Table  I  shows 
that  as  the  boiling  point  of  the  hexanes 
increases  the  refractive  index  alternates 
up  and  down. 

In  the  distillation  of  the  mixtures 
under  investigation  there  was  not  enough 
2,3-dimethylbutane  present  to  give  a  flat 
on  the  refractive  index  curve.  In  the 
distillation  break  between  2,2-  and  2,3-di¬ 
methylbutane  the  refractive  index  would 
rise  but  before  it  reached  the  value  for 
pure  2,3-dimethylbutane  it  would  turn 
downward  again,  showing  that  some  2- 
methylpentane  wras  in  the  distillate. 

This  particular  part  of  the  distillate 
was  a  ternary  mixture  composed  of  2,2- 
and  2,3-dimethylbutane  with  2-me'thyl- 
pentane,  the  composition  of  which  could 
not  be  determined  accurately. 

A  previous  paper  ( 5 )  described  a. 
method  for  quantitative  analysis  of 
ternary  mixtures  of  three  isomeric  hep¬ 


tanes  based  on  their  solution  temperature  in  nitrobenzene 
and  diethyl  phthalate.  This  paper  covers  the  extension  of  this 
method  of  analysis  to  the  above-mentioned  hexane  ternary 
mixture.  This  wrork  makes  it  possible  to  analyze  a  ternary 
mixture  composed  of  2,2-dimethylbutane,  2,3-dimethylbutane, 
and  2-methylpentane  with  an  accuracy  of  0.5%  in  approxi¬ 
mately  one  hour. 

In  the  previous  paper  (5),  the  author  stated  that  no  mention 
had  been  found  in  the  literature  of  any  attempt  to  use  critical 
solution  temperature  measurements  for  the  quantitative  deter- 


2,3-DIMETHYLBUTANE 


2-METHYLPENTANE 

Figure  1 . 


2,2-DIMETHYLBUTANE 
Bath  Temperature  from  Refractive  Index 

-  Diethyl  phthalate  point  data 

- Nitrobenzene  point  data 

- 1  Refractive  index  data 
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Table  I.  Physical  Properties  of  Isomeric  Hexanes 


Boiling 

Solution  Temperature 

Point, 

n  j} 

Aniline 

Nitrobenzene 

Wibaut 

Wibaut 

This 

Maman 

Maman 

This 

Diethyl 

Hydrocarbon 

(7) 

(7) 

work 

Wibaut 

U) 

U) 

worka 

phthalate' 

°  C. 

°  C. 

°  c. 

°  c. 

°  c. 

°  C. 

2,2-Dimethylbutane 

49.70 

1 . 3689 

1.3689 

81.2 

(76.1) 

(27.9) 

32.60 

26.73 

2,3-Dimethylbutane 

58.05 

1.3751 

1.3752 

71.9 

71.8 

24.1 

23.38 

19.37 

2-Methylpentane 

60.30 

1.3716 

1.3717 

73.9 

73.9 

25.7 

25.19 

27.42 

3-Methylpentane 

63.30 

1.3766 

1.3768 

69.3 

69.0 

21.4 

20.69 

20.59 

n-Hexane 

68.75 

1.3750 

1.3751 

69.1 

69.2 

21.3 

20.29 

24.95 

“  Values  obtained  at  hydrocarbon  concentration  of  66.7%  (by  volume),  hydrocarbon  saturated  with 
water  at  70°  F.,  and  nitrobenzene  and  diethyl  phthalate  had  n-heptane  calibration  values  of  19.27°  and 
28.26°,  respectively  (n-heptane  saturated  with  water  at  70°  F.) . 


Table  II.  Solution  Temperature  Data  of  Hexane  Binary  Mixtures 


(3.00  ml.  of  hydrocarbon  +  1.50  ml.  of  solvent.  Hydrocarbon  saturated  with  H20  at  70°  F.  Solvent  cali¬ 
brations:  nitrobenzene-iV-heptane,  19.27°  C.;  diethyl  phthalate-iV-heptane  28.26°  C.) 


Diethyl  Phthalate  Point,  °  C. 

Nitrobenzene  Point,  °  C. 

Vo  by  weight  ot 

Calcu- 

Ob- 

Differ- 

Calcu- 

Ob- 

Differ- 

2,2-Me2  Butane 

2,3-Me2  Butane 

lateda 

served 

ence 

lated" 

served 

ence 

100.00 

19.37° 

23.38° 

9.60 

90.40 

20.077 

20.02 

-6.06 

24 . 265 

24.21 

-6.055 

19.67 

80.33 

20.818 

20.72 

-0.10 

25.194 

25.11 

-0.084 

39.58 

60.42 

22.283 

22.12 

-0.16 

27.030 

26.90 

-0.13 

49.52 

50.48 

23.015 

22.86 

-0.155 

27.946 

27.82 

-0.126 

59.46 

40.54 

23.746 

23.59 

-0.16 

28.862 

28.74 

-0.12 

79.79 

20.21 

25.243 

25.14 

-0.10 

30.737 

30.63 

-0. 107 

90.08 

9.92 

26.000 

25 . 93 

-0.07 

31.686 

31.62 

-0.066 

100.00 

26.73 

32.60 

2-Me  Pentane 

2,3-Me2  Butane 
100.00 

19.37° 

23.38° 

9.70 

90.30 

20. 151 

20.22 

+  6.07 

23.556 

23.56 

+6.004 

19.80 

80.20 

20.964 

21.12 

+  0.16 

23.738 

23.75 

+  0.012 

39.79 

60.21 

22.573 

22.79 

+  0.22 

24.100 

24.12 

+  0.02 

49.71 

50.29 

23.372 

23.59 

+  0.22 

24.280 

24.31 

+  0.03 

59.64 

40.36 

24.171 

24.37 

+  0.20 

24.460 

24.48 

+  0.02 

79.84 

20. 16 

25 . 797 

25.93 

+  0.13 

24.825 

24.83 

+  0.005 

90.13 

9.87 

26.625 

26.74 

+  0.115 

25.011 

25.01 

100.00 

27.42 

25.19 

2,2-Me2  Butane 

2-Methylpentane 

100.00 

27.42° 

25.19 

9.68 

90.32 

27.353 

27.38 

+  6.03 

25 . 907 

25.85 

-0.06 

19.82 

80.18 

27.283 

27.35 

+  0.07 

26.659 

26.57 

-0.09 

39.91 

60.09 

27.145 

27.28 

+  0.13 

28. 147 

28.04 

-0.11 

59.73 

40.27 

27.008 

27.  14 

+  0.13 

29.616 

29.53 

-0.09 

79.97 

20.03 

26.868 

26.97 

+  0.10 

31.116 

31.03 

-0.09 

90.23 

9.77 

26.797 

26.86 

+  0.06 

31.876 

31.82 

-0.06 

100.00 

26.73 

32.60 

°  Calculated  values  based  on  assumption  that  data  would  be  straight-line  function.  Differences  show  how 
observed  data  vary  from  such  straight-line  function. 


with  nitrobenzene  in  general  are 
somewhat  higher  than  those  ob¬ 
tained  here. 

The  data  of  Wibaut,  Maman, 
and  Woodburn  are  actual  critical 
solution  temperature  data,  while 
the  author’s  data  were  obtained  at 
a  hydrocarbon  concentration  of 
66.7%  (by  volume)  with  water- 
saturated  hydrocarbons. 

Hydrocarbon  Concentration. 
In  the  earlier  work,  critical  solu¬ 
tion  temperature  curves  for  2,2,3- 
trimethylbutane,  2,2-,  and  2,4- 
dimethylpentane  with  nitrobenzene 
showed  that  a  hydrocarbon  con¬ 
centration  of  66.7%  (by  volume) 
was  the  best  point  at  which  to 
work  with  these  heptanes. 

The  critical  solution  tempera¬ 
ture  curve  for  2-methylpentane 
with  nitrobenzene  was  determined 
through  a  limited  range  of  con¬ 
centration  and  the  results  ob¬ 
tained  were  very  similar  to  those 
obtained  with  the  heptanes  and 
nitrobenzene.  Thus,  the  proper 
concentration  to  use  with  the  hex¬ 
anes  as  well  as  with  the  heptanes 
is  3.00  ml.  of  hydrocarbon  plus 
1.50  ml.  of  nitrobenzene. 

Preparation  of  Calibration 
Charts.  Binary  mixtures  of 
freshly  distilled  2,2-  plus  2,3-di- 
methylbutane,  2-methylpentane 
plus  2, 3-dime thylbutane,  and  2- 
methylpentane  plus  2,2-dimethyl- 
butane  were  prepared  by  weight, 
the  refractive  index  of  each  sam¬ 
ple  was  determined  at  20°  C., 
and  the  samples  were  then  satu¬ 
rated  with  water  at  70°  F.  The 
solution  temperature  of  each  sam¬ 
ple  was  determined  with  nitro¬ 
benzene  and  diethyl  phthalate  and 
the  data  obtained  (Table  II)  were 
plotted  on  the  same  large  scale 
that  was  used  for  the  heptanes. 
These  values  fall  within  0.01°  of 


mination  of  individual  paraffin  compounds  which  are  present  in  a 
mixture.  He  deeply  regrets  the  fact  that  Francis’  previously 
published  paper  ( 3 )  on  the  analysis  of  butane-isobutane  mix¬ 
tures  was  overlooked.  For  this  he  offers  his  apology  to  Francis, 
who  has  made  an  extensive  study  of  the  critical  solution  tem¬ 
perature  of  various  types  of  hydrocarbons  in  a  wide  variety  of 
solvents  ( 2 ). 


a  smooth  curve  and  again  in  all 
cases  the  observed  values  do  not 
fall  on  a  straight  line.  There  seems  to  be  no  consistency  in 
either  the  direction  or  magnitude  of  this  divergence  from  a 
straight-line  function.  The  refractive  index  observations  on 
these  mixtures  were  within  0.0002  of  those  calculated  from 
a  linear  relation. 


EXPERIMENTAL 

The  apparatus  and  techniques  used  were  the  same  as  those 
previously  described  (5). 

Source  of  Hydrocarbons.  Four  of  the  five  isomeric  hexanes 
were  obtained  by  carefully  fractionating  commercial  mixed  hex¬ 
anes  in  automatic  100-plate  columns  ( 6 ).  The  fifth  hexane, 
2,2-dimethylbutane,  was  a  synthetic  product.  The  refractive 
index  of  each  of  these  hydrocarbons  compares  favorably  with 
that  given  in  the  literature  (see  Table  I). 

The  critical  solution  temperatures  obtained  with  aniline 
1  (Table  I)  by  Wibaut  and  co-workers  (7)  and  Maman  (4)  agree 
;  well  enough  (except  for  2,2-dimethylbutane)  to  show  that  their 
methods  were  comparable.  The  data  obtained  with  nitrobenzene 
:  by  Maman  (4)  and  the  author  are  of  the  same  order  of  magnitude 
except  with  2,2-dimethylbutane.  The  refractive  index  obtained 
by  Wibaut  and  the  author  for  this  hydrocarbon  agree,  while  that 
of  Maman  (1.3705)  is  0.0016  high.  The  densities  given  by 
Egloff  ( 1 )  and  Wibaut  (0.6492)  for  this  hydrocarbon  agree, 
while  that  of  Maman  is  0.0026  high.  These  data  indicate  that 
the  2,2-dimethylbutane  prepared  by  Maman  contained  some 
impurity  which  raised  its  refractive  index  and  density  and 
lowered  its  solution  temperature  in  both  aniline  and  nitroben¬ 
zene.  The  C.S.T.  of  2,2-dimethylbutane  in  nitrobenzene  which 
is  reported  by  Maman,  in  addition  to  being  considerably  lower 
than  that  reported  in  the  present  work,  is  also  lower  than  that 
reported  by  Woodburn  and  co-workers  ( 8 ),  whose  C.S.T.  values 


Table  III.  Bath  Temperature  from  Refractive  Index 


Solution  Temperature,  °  C. 

%  2,3- 
in  2,2- 

.%  2,3- 
in  2-Me 

%  2,2 
in  2-M 

Diethyl  phthalate  point  data 

27.00 

6.2 

76.7 

26.00 

9.1 

19.4 

.  • 

25.00 

22.1 

32.3 

24.00 

35.2 

45.1 

23.00 

48.6 

57.6 

22.00 

62.2 

69.7 

21.00 

76.4 

81.6 

20.00 

90.7 

92.9 

Nitrobenzene  point  data 

32.00 

6.0 

92.6 

31.00 

16.3 

79.5 

30.00 

26.9 

66.1 

29.00 

37.7 

52.7 

28.00 

48.4 

39.4 

27.00 

59.3 

25.7 

26.00 

70.3 

11.8 

25.00 

81.5 

i6;  5 

24.00 

92.8 

66.6 

Refractive  index  data,  nV? 

1 . 3690 

1.4 

97.5 

1.3700 

15.7 

68.2 

1.3710 

31.1 

29.3 

1.3720 

47.0 

8.2 

1.3730 

63.1 

35.5 

1.3740 

79.5 

63.3 

1.3750 

96.5 

93.5 

568 
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Table  IV.  Analysis  of  Hexane  Ternary  Mixtures 


Solution  Temperature  %  2,2-Dimethylbutane  %  2,3-Dimethylbutane  %  2-Metbylpentane 


Sample 

No. 

Diethyl 

phthalate 

Nitro¬ 

benzene 

Pres¬ 

ent 

Found 

Differ¬ 

ence 

Pres¬ 

ent 

Found 

Differ¬ 

ence 

Pres¬ 

ent 

Found 

Differ¬ 

ence 

76 

26.64 

25.68 

9.79 

10.0 

+  0.21 

9.93 

10.2 

+0.27 

80.28 

79.8 

-0.48 

77 

23.47 

24.98 

9.69 

10.1 

+  0.41 

50.40 

50.0 

-0.40 

39.91 

39.9 

-0.01 

78 

24.04 

26.56 

29.63 

29.9 

+  0.27 

40.53 

40.0 

-0.53 

29.84 

30.1 

+0.26 

79 

20.89 

24.42 

9.68 

10.1 

+  0.42 

80.59 

80.6 

+0.01 

9.73 

9.3 

-0.43 

80 

26.07 

30.86 

80.22 

80.2 

-0.02 

9.95 

9.6 

-0.35 

9.83 

10.2 

+  0.37 

81 

23.75 

28.02 

49.68 

49.8 

+  0.12 

40.56 

40.4 

-0.16 

9.76 

9.8 

+  0.04 

DIETHYL  PHTHALATE  POINT  DATA 


NITROBENZENE  POINT  DATA 


Fisure  2.  Diethyl  Phthalate  and  Nitrobenzene  Point  Data 


fractive  index  is  concerned, 
a  ternary  mixture  of  2,2-  and 
2,4-dimethylpentane  with 
2,2,3-trimethylbutane  is  es¬ 
sentially  a  heptane  binary 
mixture. 

Accuracy  of  Method. 
After  all  the  calibration 
charts  had  been  constructed 
from  these  experimental  data 
from  the  binary  mixtures, 
six  ternary  mixtures  of  these  pure  hy¬ 
drocarbons,  in  widely  varying  propor¬ 
tions  by  weight,  were  prepared  and 
saturated  with  water  at  70°  F.  The 
nitrobenzene  and  diethyl  phthalate 
points  of  each  sample  were  determined 
and  from  these  data  the  percentage 
composition  of  each  sample  was  de¬ 
termined  graphically  by  the  method 
described  in  the  previous  paper  (5). 
When  the  percentage  of  each  of  the 
three  components  found  was  compared 
with  that  of  each  actually  present,  it 
was  seen  that  the  maximum  deviation 
was  0.5%  (Table  IV).  Points  A,  B  and 
C,  D  (Figures  2  and  3)  form  the  ends  of 
the  iso-nitrobenzene  point  and  iso-diethyl 
phthalate  point  lines,  respectively,  for 
the  graphical  determination  of  the 
composition  of  the  hexane  ternary  mix¬ 
ture  sample  81  (Table  IV). 


Approximate  Bath  Temperature  Obtained  from  Refrac¬ 
tive  Index.  The  time  required  to  make  a  solution  temperature 
determination  on  an  unknown  sample  can  be  considerably  short¬ 
ened  if  the  approximate  temperature  at  which  to  set  the  bath  is 
known.  This  desired  bath  temperature  setting  can  be  obtained 
from  a  small-scale  triangular  plot  of  the  iso-refractive  index  and 
iso-solution  temperature  lines  (for  an  explanation  of  these  terms 
see  5) .  The  refractive  index  of  the  unknown  sample  is  located  on 
this  chart  and  the  approximate  bath  temperature  can  be  read 
directly  from  the  chart  (see  Figure  1  and  Table  III). 


This  analysis  is  made  possible  by  the  fact  that  the  iso-nitro¬ 
benzene  point  line  again  has  a  negative  slope  with  respect  to  the 
iso-diethyl  phthalate  point  line  (see  Figure  1).  This  results 
from  a  different  order  of  increasing  solution  temperature  for 
the  three  hydrocarbons  with  these  two  solvents: 


Diethyl  Phthalate  Point 
0  C. 


Nitrobenzene  Point 
°  C. 


2,3-Dimethylbutane 

2,2-Dimethylbutane 

2-Methylpentane 


19.37 

26.73 

27.42 


23.38 

32.60 

25.19 


The  greater  degree  of  accuracy  obtainable  with  this  hexane 
ternary  mixture  than  with  the  heptane  ternary  mixture  is  due  to 
the  sharper  angle  of  intersection  of  the  iso-solution  temperature 
lines  obtained  from  the  hexane  solution  temperature  data.  This 
is  caused  by  the  fact  that  the  diethyl  phthalate  point  of  2,3- 
dimethylbutane  is  comparatively  widely  separated  from  that  of 
the  other  two  hydrocarbons,  while  wdth  nitrobenzene,  in  addi¬ 
tion  to  reversal  of  the  order  of  increasing  solution  temperature  of 
2,2-dimethylbutane  and  2-methylpentane,  the  solution  tempera¬ 
ture  of  2,2-dimethylbutane  is  comparatively  widely  divergent 
from  that  of  the  other  two  (see  Figure  2) : 
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Identification  of  Sulfonated  Azo-2-naphthol  Dyes 

ROBERT  F.  MILLIGAN,  SAMUEL  ZUCKERMAN,  and  LOUIS  KOCH 
H.  Kohnstamm  Research  Laboratories,  Brooklyn,  N.  Y. 


A  rapid  and  simple  method  has  been  developed  for  the  identifica¬ 
tion  of  sulfonated  azo-2-naphthol  dyes  by  catalytic  reduction  of  the 
azo  bond,  and  the  separation  of  the  scission  products  with  ethanol. 
Equivalent  weight  determination  of  the  aminosulfonic  acid  and  its 
conversion  to  the  S-benzyl  isothiourea  derivative  enable  the  analyst 
to  differentiate  between  isomeric  compounds.  The  method  is  not 
applicable  to  mixtures. 

THE  identification  of  the  reduction  products  from  sulfonated 
azo  dyes  usually  presents  many  difficulties  to  the  dyestuff 
chemist  that  are  not  encountered  in  the  analysis  of  the  analogous 
unsulfonated  compounds.  As  shown  in  a  previous  paper  ( 8 ), 
the  differential  solubility  of  the  amines,  diamines,  and  amino-2- 
naphthol  in  immiscible  solvents  can  be  used  to  effect  their  separa¬ 
tion.  The  same  procedure,  however,  is  not  applicable  to  the  re¬ 
duction  products  of  the  sulfonated  azo-2-naphthol  colors  because 
it  necessitates  the  introduction  of  a  buffer  salt  which  interferes 
with  the  isolation  of  the  pure  sulfonic  acid. 

Many  analytical  methods  have  been  proposed  for  the  char¬ 
acterization  of  aromatic  sulfonated  amines,  and  the  literature  on 
this  subject  has  been  thoroughly  and  excellently  reviewed  by 
Chambers  and  Watt  (2)  and  Chen  and  Cross  (3).  The  latter 
authors  pointed  out  the  complications  involved  in  this  type  of 
analysis,  and  suggested  the  formation  of  the  stable  arylamine 
salts  of  the  sulfonic  acids  as  a  means  of  identifying  these  com¬ 
pounds.  The  method  involves  the  protective  acetylation  of  the 
amino  group,  as  a  necessary  preliminary  to  the  formation  of  the 


arylamine  salt,  and  it  does  not  include  certain  naphthylamine  di- 
sulfonic  acids  which  are  of  importance  to  the  color  chemist  be¬ 
cause  of  their  use  in  the  manufacture  of  certain  commercial  dyes. 

Of  the  proposed  procedures,  only  one,  the  formation  of  the 
<S-benzylthiouronium  salts  of  the  sulfonated  amines,  showed  evi¬ 
dence  of  being  rapid  in  execution  and  simple  in  application 
(1,  2 ,  5,  6,  9 ).  These  derivatives  are  crystalline  and  have  melting 
points  which  enable  the  analyst,  in  most  cases,  to  differentiate 
between  isomeric  aminosulfonic  acids.  Where  the  melting  points 
of  the  isomeric  compounds  are  close  to  each  other,  the  determina¬ 
tion  of  the  equivalent  weight  is  a  deciding  factor,  because  of  the 
presence  of  molecularly  combined  water  (see  footnotes  to  Table 
I).  In  all  analyses  the  equivalent  weight  was  found  to  be 
identical  with  the  molecular  weight. 

The  aminosulfonic  acid,  isolated  from  the  reduction  reaction, 
is  purified  by  crystallization  from  water,  and  the  establishment 
of  the  equivalent  weight  by  titration  with  0.1  N  sodium  hydrox¬ 
ide  provides  both  an  indication  as  to  the  identity  of  the  acid  and 
a  convenient  source  for  the  formation  of  the  desired  derivative. 

As  in  previous  work  ( 8 ),  the  hydrogenation  apparatus  of 
Cheronis  and  Koeck  (4)  was  utilized  for  the  reduction.  The 
scission  products  of  the  sulfonated  azo-2-naphthol  dyes  were 
separated  from  each  other  by  means  of  the  differential  solubility 
of  the  aromatic  aminosulfonic  acid  and  the  amino-2-naphthol  in 
ethanol,  the  former  being  relatively  insoluble. 

Technical  grades  of  aromatic  aminosulfonic  acids  were  used  to 
synthesize  the  dyes,  and  the  purification  of  the  colors  was  not 
found  to  be  necessary. 


Table  I.  Identification  of  Sulfonated  Azo-2-naphthol  Dyes 


Molecular  Weight 


Diazotized  Aryl  Aminosulfonic  Acid 

Calcd. 

Found 

1. 

Sulfanilic  acid 

173.1 

170.5 

2. 

Metanilic  acid 

173.1 

173.3 

3. 

2-Aminotoluene-5-sulfonic  acid 

187.1 

190.5 

4. 

4-Aminotoluene-2 -sulfonic  acid 

187.1 

188.0 

5. 

4-Aminotoluene-3-sulfonic  acid 

187.1 

188.2 

6. 

4-Amino-ra-xylene-6-sulfonic  acid 

201.2 

201.0 

7. 

3-Chloro-4-aminobenzene  sulfonic  acid 

207.5 

209.3 

8. 

2-Amino-4-chlorobenzene  sulfonic  acid 

207.5 

211.0 

9. 

2-Amino-5-chlorobenzene  sulfonic  acid 

207.5 

211.5 

10. 

3-Amino-6-chlorotoluene-4-sulfonic  acid 

221.5 

217.3 

(Red  Lake  C  base) 

11. 

2-Chloro-4-aminotoluene-5-sulfonic  acid 

221.5 

217.5 

(2  B  acid) 

12. 

l-Aminonaphthalene-6-sulfonic  acid 

223.1 

223.4 

(Cleve’s  acid  1-6) 

13. 

l-Aminonaphthalene-7-sulfonic  acid 

223.1 

224.2 

(Cleve’s  acid  1-7) 

14. 

2-Aminonaphthalene-l-sulfonic  acid 

223.1 

223.3 

(Tobias  acid) 

15. 

l-Aminonaphthalene-4-sulfonic  acid 

223.1 

224.0 

(naphthionic  acid) 

16. 

l-Aminonaphthalene-5-sulfonic  acid 

223.1 

223.5 

(Laurent’s  acid) 

17. 

2-Aminonaphthalene-6-sulfonic  acid 

223.1 

233. 24 

(Broenner’s  acid) 

18. 

l-Aminonaphthalene-8-sulfonic  acide 

223.1 

237.54 

(Peri  acid) 

19. 

4- Amino-2, 5-dichloroaniline-4-sulfonic  acid 

242.0 

246.5 

20. 

2-Aminobenzene-l,4-disulfonic  acid 

253.1 

337.5/ 

21. 

l-Aminonaphthalene-4,8-disulfonic  acid 

303.2 

312.2  * 

(disulfonic  acid  S) 

22. 

2-Aminonaphthalene-3,6-disulfonic  acid 

303.2 

393.0/ 

(Amino  R  acid) 

23. 

2-Aminonaphthalene-4,8-disulfonic  acid 

303.2 

388.5/ 

24. 

2-Aminonaphthalene-6,8-disulfonic  acid 

303.2 

368.5 k 

(amino  G  acid)* 
a  Halogen  content. 

6  Chambers  and  Watt  (2)  report  presence  of  20  moles  of  water. 
c  Hennion  and  Schmidle  (7). 

d  Purified  sample  showed  presence  of  1  mole  of  water,  on  titrating  with 
0.1  N  sodium  hydroxide. 

e  Benzoyl  derivative  of  amino-2-naphthol  not  isolated. 

/  Isolated  as  acid  barium  salt,  with  1  mole  of  water. 


M.P.  of  Benzyl  Isothiourea 


Yield  of 
Crystallized 

Observed 

Derivative 

Sulfur  Content  of  Benz> 
Isothiourea  Derivative 

Sulfonic  Acid 

(Uncorr.) 

Literature 

Calcd. 

Found 

Gram 

0  C. 

0  C. 

% 

% 

0.242 

184-5 

187-8 

18.68 

18.78 

0.134 

147-8 

18.68 

18.67 

0.064 

190-1 

18.12 

18.44 

0.260 

153-4 

18.12 

18.28 

0.261 

168-9 

18.12 

18.28 

0.174 

152-3 

17.44 

17.23 

0.081 

191-2 

9 . 49a 

9.69“ 

0.100 

195-6 

9.49“ 

9.39“ 

0.100 

180-1 

9.49“ 

9 . 98“ 

0.245 

171-2 

16.51 

16.80 

0.120 

163-4 

9.15“ 

9.10“ 

0.132 

190-1 

16.44 

16.55 

0.194 

163-4 

16.44 

16.49 

0.178 

138-9 

16.44 

16.68 

0.356 

96-7 

195.1*’,  103-4“ 

16.44 

15.96 

0.247 

182-3 

179.4 

16.44 

16.52 

0.278 

182-3 

16.44 

16.53 

0.048 

150-2 

300  (dec.)6 

16.44 

16.45 

0.090 

181-2 

17.37“ 

17.64“ 

0.272 

176-7 

21.87® 

22 . 06® 

0.130 

213-4 

20. 14® 

20.40® 

0.314 

202-3 

20. 14s 

20.06® 

0.396 

226-7 

209-11  (dec.)/ 

20. 14® 

20.42® 

0.201 

oil 

276  (dec.)* 

20.14® 

°  Calculated  as  double  benzyl  isothiourea  derivative. 

*  If  barium  salt  of  dye  is  used,  acid  barium  salt  will  be  isolated. 

‘  Excessive  decomposition  of  amino-2-naphthol  occurred,  and  no  benzoyl 
derivative  isolated. 

i  Chambers  and  Watt  {2)  report  presence  of  1  mole  of  water. 
k  Isolated  as  acid  barium  salt. 

I  Chambers  and  Watt  {2)  report  presence  of  8  moles  of  water. 
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GENERAL  PROCEDURE 

Preparation  of  Reduction  Products.  Freshly  ground 
Adams-Voorhees  platinum  oxide  (0.05  gram)  is  placed  in  the 
Cheronis  hydrogenating  unit,  and  the  catalyst  is  suspended  in  20 
ml.  of  distilled  water.  Hydrogen  gas  at  atmospheric  pressure, 
preferably  from  a  tank,  is  bubbled  through  the  suspension  for  2  to 
5  minutes,  in  order  to  convert  the  platinum  oxide  to  colloidal  plati¬ 
num  black. 

Then  1  gram  of  dye,  10  ml.  of  concentrated  hydrochloric  acid, 
and  30  ml.  of  isopropyl  alcohol  are  added  to  the  platinum  black 
suspension,  the  hydrogenating  unit  is  heated  by  immersion  in  hot 
water  to  80°  to  90°  C.,  and  hydrogen  gas  is  passed  through  the 
mixture  at  such  a  rate  that  continuous  agitation  is  maintained. 
The  end  of  the  reduction  is  indicated  by  decolorization  of  the  dye 
solution. 

Separation  of  Reduction  Products.  The  isopropyl  alcohol- 
water  mixture  of  the  scission  products  is  transferred  to  an  evap¬ 
orating  dish,  0.25  ml.  of  a  stannous  chloride  solution  containing 
100  grams  of  stannous  chloride  in  concentrated  hydrochloric  acid 
per  100  ml.  of  solution  is  added  to  prevent  excessive  decomposi¬ 
tion  of  the  amino-2-naphthol,  and  the  mixture  is  evaporated  to 
dryness  on  the  steam  bath.  The  dried  residue  is  triturated  with 
25  ml.  of  95%  ethanol  for  about  1  minute,  filtered,  and  washed 
with  10  ml.  more  of  the  solvent. 

Then  0.25  ml.  of  the  stannous  chloride  solution  is  added  to  the 
filtrate  containing  the  amino-2-naphthol,  the  ethanol  is  removed 
by  evaporation,  and  5  ml.  of  benzoyl  chloride  and  200  ml.  of  a 
5%  sodium  hydroxide  solution  are  added  to  convert  the  amino 
derivative  of  the  coupling  component  to  the  dibenzoyl  compound. 
Crystallization  from  95%  ethanol  gives  a  product  that  has  a 
melting  point  of  232-3°  C. 

The  alcohol-insoluble  aminosulfonic  acid  is  crystallized  from 
water  that  has  been  acidified  with  5  ml.  of  6  N  hydrochloric  acid, 
and  to  which  has  been  added  a  small  quantity  of  Norite.  After 
filtration,  the  solution  is  concentrated  to  a  very  small  volume  and 
chilled  in  the  refrigerator,  usually  overnight.  The  precipitate  is 
collected,  washed  with  a  few  milliliters  of  95%  ethanol,  and  dried 
at  110°  C. 

A  weighed  quantity  of  the  acid  is  dissolved  in  100  to  200  ml.  of 
water,  heated  if  necessary  to  effect  solution,  and  titrated  with 


0.1  IV  sodium  hydroxide  to  determine  its  equivalent  weight, 
using  phenolphthalein  as  the  indicator.  (Acids  that  do  not  dis¬ 
solve  in  water  titrate  with  no  detectable  decrease  in  accuracy.) 
The  sodium  salt  of  the  sulfonic  acid  is  concentrated  to  4  to  10  ml., 
depending  upon  the  original  quantity  of  acid,  and  is  cooled  and 
added  to  1.5  times  its  weight  of  <§-benzyl  isothiourea  hydro¬ 
chloride,  dissolved  in  2  to  5  ml.  of  water.  The  derivative  usually 
precipitates  out  immediately  or,  if  not,  does  so  on  stirring.  If  an 
oil  results,  standing  overnight  causes  solidification  of  all  but  one 
of  the  acids  studied.  One  crystallization  from  a  minimum  quan¬ 
tity  of  water,  using  decolorizing  Norite,  usually  yields  the  correct 
melting  point  of  the  aminosulfonic  acid  derivative. 

Occasionally,  the  presence  of  excessive  inorganic  adulterant  in 
the  original  dye  will  result  in  an  exceptionally  small  crop  of  the 
purified  aminosulfonic  acid.  When  such  is  the  case,  the  analyst 
can  start  with  a  larger  color  sample  or,  when  an  additional  sample 
is  not  available,  the  mother  liquor  containing  residual  amino- 
sulfonic  acid  can  be  evaporated  to  dryness.  Sulfonic  acid  can 
be  converted  to  the  »S'-benzyl  isothiourea  derivative  by  titrating 
to  a  phenolphthalein  end  point  and  adding  the  concentrated 
solution  of  the  sodium  salt  to  0.2  gram  of  the  addition  com¬ 
ponent. 
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Quantitative  Determination  of  Bases  by  Means  of  Calomel 

Application  to  Lime  in  Commercial  Calcium  Arsenate 

L.  N.  MARKWOOD1,  H.  D.  MANN,  and  R.  H.  CARTER 
United  States  Department  of  Agriculture,  Bureau  of  Entomology  and  Plant  Quarantine,  Washington,  D.  C. 


ANEW  method  for  the  determination  of  bases  depends  upon 
the  reaction  between  the  base  and  calomel  (mercurous 
chloride).  Of  special  interest  is  the  determination  of  free  (un¬ 
combined)  lime  in  commercial  calcium  arsenate,  which  contains 
calcium  hydroxide  in  variable  amounts  up  to  about  12%.  The 
following  exposition,  therefore,  relates  chiefly  to  the  reaction  be¬ 
tween  lime  and  calomel.  Although  known  for  a  long  time  (it  is 
the  basis  of  the  preparation  of  Lotio  nigra,  N.F.),  its  application 
to  the  determination  of  basic  compounds  appears  to  be  new. 

THEORY 

When  calcium  oxide  or  hydroxide,  calomel,  and  water  are 
brought  together,  immediate  blackening  occurs.  The  liquid  por¬ 
tion  of  the  mixture  gives  a  positive  test  for  chloride  ion,  and  for 
mercury  (with  either  sodium  sulfide  or  stannous  chloride),  but  a 
negative  test  for  mercurous  ion  (with  hydrochloric  acid).  The 
dissolved  mercury  is  therefore  present  as  mercuric  ion.  The  re¬ 
action  is  probably  complicated  but  may  be  represented  as  follows: 

Ca(OH)2  +  Hg2Cl2  =  Hg20  +  CaCl2  +  H20  (1) 

Hg20  =  HgO  +  Hg  (2) 


1  Present  address,  Bureau  of  Foreign  and  Domestic  Commerce,  TJ.  S. 
Department  of  Commerce,  Washington,  D.  C. 


The  significant  feature  of  the  reaction  is  the  formation  of 
soluble  chloride,  which,  with  excess  of  calomel,  forms  in  quantity 
stoichiometrically  equivalent  to  the  hydroxide. 

Formation  of  mercuric  oxide  is  visually  confirmed  by  a  glimpse 
of  yellow  precipitate.  This  precipitate  quickly  disappears, 
however,  probably  because  of  the  incompatibility  of  mercuric 
oxide  with  soluble  chloride,  leading  to  solubility  of  the  oxide  as  a 
loose,  water-soluble  complex.  This  view  is  in  agreement  with 
the  known  increased  solubility  of  mercuric  oxide  in  the  presence 
of  chloride  ( 1 ).  The  formation  of  mercuric  ion  requires  the 
breakdown  of  the  mercurous  oxide  (Equation  2),  with  consequent 
formation  of  elemental  mercury,  to  which  the  blackening  is  due. 

Since  the  quantity  of  soluble  chloride  formed  is  chemically 
equivalent  to  the  hydroxide  originally  present,  determination  of 
the  latter  follows  simply  by  determining  the  chloride.  Excess  of 
calomel  does  not  interfere,  since  it  is  insoluble.  The  chloride 
determination  is  conveniently  made  by  direct  titration  with 
silver  nitrate  or,  where  this  procedure  is  inapplicable,  by  the  Vol- 
hard  method.  In  either  case  the  dissolved  mercury  must  first 
be  removed.  As  a  practical  means  of  removing  mercury  ion  the 
solution  is  treated  with  a  more  electropositive  metal,  zinc  being 
suitable  for  the  purpose. 

EXPERIMENTAL 

Tests  with  Lime.  Experiments  were  first  made  on  pure  Ice¬ 
land  spar  to  establish  validity  of  the  method.  A  known  weight 
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Table  I.  Analysis  of  Iceland  Spar 

[1  ml.  of  0.1  N  AgNOa  =  3.705  mg.  of  Ca(OH)»  or  5.005  mg.  of  CaCOs] 


Spar 

Taken 

Found 

Ca(OH)2 

CaCOa 

Recovery 

Mg. 

Mg. 

Mg. 

% 

58.8 

43.5 

58.8 

100 

52.2 

38.2 

51.6 

99 

62.5 

46.7 

63.1 

101 

58.3 

43.5 

58.8 

101 

of  ground  spar  was  ignited  to  constant  weight.  The  resulting 
calcium  oxide  was  mixed  with  2  to  3  times  the  equivalent  of 
calomel  (1  gram  of  CaO  =  8.4  grams  of  Hg2Cl2),  water  added, 
the  mixture  stirred  well  a  few  minutes,  and  the  black  deposit 
filtered  off  and  washed  free  of  soluble  chloride.  The  filtrate  was 
stirred  well  with  zinc  dust  and  the  residue  filtered  off  and  washed 
free  of  chloride.  The  second  filtrate  was  then  titrated  with 
silver  nitrate  solution,  with  potassium  chromate  or  dichloro- 
fluorescein  as  indicator. 

In  a  series  of  experiments,  each  involving  about  60  mg.  of  spar, 
the  recovery  ranged  from  99  to  101%  (Table  I).  The  reaction 
was,  therefore,  shown  to  be  quantitative. 

Tests  with  Calcium  Arsenate.  The  foregoing  procedure 
must  be  modified  for  analysis  of  a  material  such  as  commercial 
calcium  arsenate,  which  hydrolyzes  to  produce  alkali  in  addition 
to  the  free  lime.  The  modification  consists  in  conducting  the 
reaction  at  a  fixed  volume,  thereby  standardizing  to  that  degree 
the  conditions  of  hydrolysis.  Tests  conducted  at  volumes  rang¬ 
ing  from  100  to  500  ml.  gave  a  slight  increase  in  result  with  in¬ 
creased  dilution,  amounting  to  about  3.5%  for  the  range  stated. 
There  was  no  measurable  difference  between  volumes  of  100  and 
200  ml.,  and  the  latter  volume  was  selected  as  a  matter  of  con¬ 
venience.  It  was  found  necessary  to  agitate  the  mixture  for  at 
least  0.5  hour  to  attain  complete  reaction — that  is,  to  reach  the 
maximum  value.  The  appreciable  time  required  for  calcium 
arsenate  in  contrast  to  the  short  time  for  a  simple  material  like 
calcium  hydroxide  suggests  a  close  union  or  interlocking  of  free 
lime  and  the  arsenate.  The  following  procedure  was  adopted: 

A  1-gram  sample  of  calcium  arsenate  in  a  250-ml.  glass-stop¬ 
pered  Erlenmeyer  flask  was  mixed  well  with  about  3  grams  of 
calomel.  Exactly  200  ml.  of  freshly  boiled  and  cooled  distilled 
water  were  added,  followed  by  mechanical  agitation  (end  over 
end)  for  0.5  hour.  The  solution  was  filtered  twice  through  a  dry 
paper.  About  3  grams  of  zinc  dust  were  added  to  the  filtrate, 
with  thorough  stirring.  After  another  filtration  a  150-ml.  ali¬ 
quant  was  taken  for  the  titration,  conducted  by  the  Volhard 
method.  (Titration  methods  requiring  neutral  solution  are  not 
applicable,  owing  to  precipitation  of  silver  arsenate.) 

Three  samples  of  commercial  calcium  arsenate  were  analyzed 
by  this  (calomel)  method,  and  also  by  the  acidimetric  method  of 
Smith  and  Hendncks  (3),  which  has  been  heretofore  generally 
used  for  this  purpose.  The  results  calculated  to  Ca(OH)2  are 
shown  in  Table  II,  which  includes  results  obtained  by  the  calomel 
method  on  the  same  samples  to  which  known  amounts  of  calcium 
hydroxide  were  added. 

The  calomel  method  shows  satisfactory  agreement  with  the 
acidimetric  method.  The  recovery  of  added  calcium  hydroxide 
is  also  satisfactory.  The  three  samples  analyzed  represent  types 
of  high,  medium,  and  low  water-soluble  arsenic  content,  contain¬ 
ing  10.8,  6.9,  and  1.3%  of  As2Oo,  respectively,  as  determined  by 
the  Geneva  method  (3).  The  new  procedure  is  evidently  suitable 
for  any  commercial  calcium  arsenate. 

The  calomel  method  possesses  two  advantages  over  the  older 
method:  The  argentometric  end  point  is  sharper  than  the  acidi¬ 
metric  end  point;  and  the  presence  of  dyes,  which  occur  in  some 
calcium  arsenates,  makes  determination  by  the  older  method 
difficult  but  does  not  interfere  in  the  calomel  method. 

Since  commercial  calcium  arsenate  usually  contains  other  sub¬ 
stances  that  might  react  with  calomel — viz.,  calcium  carbonate, 
normally  present  to  the  extent  of  several  per  cent,  and  magnesium 
hydroxide,  seldom  present  to  more  than  1% — these  were  also 
investigated.  Calcium  carbonate  in  the  form  of  Iceland  spar, 
gave  an  apparent  calcium  hydroxide  content  of  0.4%,  independent 
of  the  quantity  taken,  whether  1  or  10  grams.  The  error  caused 


in  a  sample  containing  5%  of  calcium  carbonate  would  therefore 
be  only  0.02%.  Actually,  the  result  obtained  on  a  mixture  of  1 
gram  of  calcium  carbonate  and  1  gram  of  calcium  arsenate  was 
not  measurably  different  from  that  on  the*  calcium  arsenate  alone. 

Magnesium  hydroxide  responds  to  the  calomel  method  in  the 
same  way  as  calcium  hydroxide;  a  sample  of  magnesium  oxide 
showing  79.2%  MgO  content  by  acid  titration  gave  78.0%  by 
the  calomel  treatment.  The  calomel  method,  therefore,  like 
that  of  Smith  and  Hendricks  (S),  when  applied  to  calcium  arse¬ 
nate  gives  a  measure  of  both  calcium  and  magnesium  hydroxides — 
i.e.,  total  basicity,  which  is  ordinarily  referred  to  as  “free  lime” 
because  of  the  almost  negligible  content  of  magnesium  hydroxide. 
Although  magnesium  hydroxide  causes  a  poor  end  point  in  the 
acidimetric  titration,  the  argentometric  end  point  is  unaffected. 

Other  Applications.  As  the  foregoing  equations  suggest, 
the  reaction  is  a  general  one  for  bases  and  is  therefore  applicable 
in  other  cases.  For  example,  the  normality  of  a  solution  of  so¬ 
dium  hydroxide  was  determined  as  0.0728  by  the  calomel  method, 
which  agrees  well  with  0.0730  found  by  acid  titration.  Am¬ 
monium  hydroxide,  of  course,  cannot  be  so  determined  because 
of  the  formation  of  mercuric  ammochloride  or  similar  complex. 
Another  application  of  the  reaction  is  in  the  determination  of 
calomel,  for  which  excess  of  base  is  taken;  preliminary  experi¬ 
ments  have  given  satisfactory  results. 


Table  II.  Analysis  of  Samples  of  Commercial  Calcium  Arsenate 


Ca(OH)2  Found 


Calomel 

method 

Acidimetric 

method 

Ca(OH)i 

Added 

Added  Ca(OH)2 

Recover 

% 

% 

Mg. 

Mg. 

% 

3.3 

3.4 

178.6 

174.8 

97.9 

5.8 

5.6 

178.6 

177.8 

99.6 

4.1 

4.0 

178.6 

178.3 

99.8 

CONCLUSION 

The  calomel  method  as  outlined  affords  a  reliable,  convenient 
means  of  determining  bases.  For  the  determination  of  free  lime 
in  commercial  calcium  arsenate  it  possesses  certain  advantages 
over  the  acidimetric  method  of  Smith  and  Hendricks,  giving  a 
sharp  end  point  even  in  the  presence  of  magnesium  hydroxide, 
and  being  unaffected  by  dyes.  The  reaction  may  also  be  adapted 
to  the  determination  of  calomel. 

SUMMARY 

The  reaction  between  bases,  except  ammonium  hydroxide,  and 
excess  calomel,  evidenced  by  immediate  blackening,  proceeds 
quantitatively  with  the  formation  of  soluble  chloride  in  amount 
stoichiometrically  equivalent  to  the  quantity  of  base  present. 
After  removal  of  dissolved  mercury  by  means  of  zinc,  the  soluble 
chloride  is  determined  by  argentometric  titration. 

1  ml.  of  0.1  N  AgN03  =  3.705  mg.  of  Ca(OH)2 

Results  obtained  by  this  method  in  the  determination  of  free 
lime  in  calcium  arsenate  agree  well  with  those  by  the  acidimetric 
method  of  Smith  and  Hendricks.  The  calomel  method  possesses 
the  following  advantages  over  the  acidimetric  method:  The  end 
point  is  sharp  even  in  the  presence  of  magnesium  hydroxide,  and 
the  method  is  applicable  in  the  presence  of  dyes.  By  employing 
a  base  in  excess,  calomel  may  be  determined. 
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Metallo-Organic  Complexes  in  Organic  Analysis 

Colorimetric  Determination  of  Alcohols 

FREDERICK  R.  DUKE,  Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 


A  colorimetric  method  for  alcohols  based  upon  the  reaction  with 
ammonium  hexanitratocerate  makes  possible  determination  of  rela¬ 
tively  small  amounts  of  alcohol  in  mixtures  with  approximately  5% 
accuracy.  The  disadvantages  of  the  method  are  the  low  stability 
of  the  color  and  the  interference  of  certain  common  reducing  agents. 

THE  red  coordination  complex  produced  upon  the  addition 
of  an  alcohol  to  ammonium  hexanitratocerate  solution  has 
been  used  qualitatively  to  identify  the  alcoholic  hydroxyl  group 
(1).  Primary  and  secondary  alcohols  slowly  reduce  the  cerium 
to  the  trivalent  state  with  resultant  dissipation  of  color  (1).  It 
was  found,  however,  that  with  concentrations  of  alcohols  in  the 
colorimetric  range,  the  extinction  decay  with  time  is  a  straight- 
line  function  for  15  minutes  or  more,  allowing  extrapolation  to 
zero  time.  Although  the  sensitivity  of  the  method  is  lowered, 
the  cerate  solution  is  prepared  without  acidification  to  increase 
the  color  stability. 

REAGENTS  AND  APPARATUS 

Ammonium  Hexanitratocerate  Solution.  The  commer¬ 
cial  product  was  dissolved  in  the  minimum  amount  of  water,  and 
diluted  so  that  1  liter  contained  667  grams  of  (NH^CefNChV 
Filtration  through  sintered  glass  or  fine  glass  cotton  is  necessary 
if  the  solution  is  cloudy. 

Alcohol  Solutions.  Alcohols  of  the  best  commercial  grade 
were  diluted  with  water  to  5%  alcohol  by  volume. 

A  Cenco-Sheard  Spectrophotometer  was  used  throughout 
the  investigation.  The  entering  and  exit  slit  widths  were  held 
constant  at  1  mm.  and  10  nip,  respectively. 


Table  I.  Color  Stability  at  Room  Temperature 


Alcoho 


Methanol 

Ethanol 

n-Propanol 

n-Butanol 


Decrease 
in  Extinction 
%  per  min. 

1.1 

1.0 

1.1 

1.0 


Alcohol 


Isobutanol 

Isopropanol 

sec-Butanol 

(ert-Butanol 


Decrease 
in  Extinction 
%  per  min. 
0.95 
0,37 
0  36 
Stable 


EXPERIMENTAL 

Optimum  Cerate  Concentration.  To  25-ml.  volumetric 
flasks  were  added  in  duplicate  1.0,  1.5,  2.0,  2.5,  3.0,  and  5.0  ml. 
of  the  stock  cerate  solution.  The  duplicate  in  each  case  was  di¬ 
luted  to  the  mark  with  water,  and  to  the  other  flask  were  added 
0.5  ml.  of  5%  ethanol  and  water  to  the  mark.  Using  the  corre¬ 
sponding  aqueous  cerate  as  a  blank,  the  transmission  of  each 
ethanol  solution  was  measured  at  475  mfi.  The  decrease  in  trans¬ 
mission  with  increasing  cerate  concentration  was  very  marked  to 
between  2.5  and  3.0  ml.  of  cerate  per  25  ml.,  but  was  small  be¬ 
tween  3.0  and  5.0  ml.  of  cerate  per  25  ml.  Therefore,  2.5  ml.  of 
stock  solution  per  25  ml.  were  selected  as  providing  the  optimum 
cerate  concentration. 

Transmission  Minimum.  ferf-Butanol  which  produces  a 
stable  color  was  selected  for  the  measurements  of  the  transmis¬ 
sion  over  the  range  of  wave  lengths  400  mp  to  700  mp.  Five 
milliliters  of  the  5%  alcohol  solution  were  added  to  2.5  ml.  of  the 
cerate  solution,  and  the  mixture  was  diluted  to  25  ml.  The 
reference  was  an  identical  solution  of  cerate  without  the  alcohol. 
A  transmission  minimum  was  found  in  the  range  460  to  475  m/i; 
this  minimum  was  duplicated  using  ethanol  in  place  of  tert- bu¬ 
tanol.  Because  the  transmission  of  the  reference  increased 
sharply  from  460  to  475  mp,  the  latter  wave  length  was  selected 
for  the  determinations.  The  butanol  curves  are  shown  in 
Figure  1. 

Color  Stability.  Employing  the  wave  length  and  concen¬ 
trations  selected  as  described,  the  decay  of  the  extinction  with 
time  was  measured  for  three  different  concentrations  of  each  of 
the  eight  lower  aliphatic  alcohols,  methanol  through  the  butanols. 


The  percentage  rate  of  decay  was  found  to  be  substantially  in¬ 
dependent  of  concentration  and  a  straight-line  function  for  at 
least  15  minutes  for  the  higher  concentrations  (Table  I). 

Extinction  vs.  Concentration  Curves.  Working  curves 
were  prepared  for  the  alcohols  methanol  through  the  butanols. 
The  time  of  mixing  and  the  time  of  reading  in  each  case  were  re¬ 
corded  and  the  extinctions  were  corrected  to  zero  time,  using  the 
formula 

100  Em 

iL  x  —  7" 

100  -  At 

where  Ex  is  the  extinction  at  zero  time,  Em  the  measured  extinc¬ 
tion,  A  the  percentage  decay  per  minute  (from  Table  I),  and  t  the 
time  in  minutes.  The  plots  of  molar  concentration  vs.  extinction 
at  zero  time  appear  in  Figure  2. 

Procedure.  To  2.5  ml.  of  the  stock  cerate  solution  in  a  25-ml. 
volumetric  flask  is  added  the  unknown  alcoholic  solution.  After 
dilution  to  the  mark  and  thorough  mixing,  the  extinction  is  read 


x.  Cerate  vs.  water 

o.  Cerate  plus  alcohol  vs.  water 

•  .  Cerate  plus  alcohol  os.  cerate 


Figure  2.  Extinction  vs.  Concentration  Curves 


а.  Isobutanol 

б.  n-Butanol 

c.  n-Propanol 

d.  Ethanol 


e.  Methanol 

f.  sec-Butanol 

g.  Isopropanol 

h.  ferf-Butanol 
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Table  II,  Analysis  of  Pure  Aqueous  Alcohols 


Alcohol 

Taken 

Found 

Error 

Mg. 

Mg. 

% 

Methanol 

60 

58 

-3.3 

Ethanol 

80 

79 

-1.2 

n-Propanol 

40 

41 

+2.5 

Isopropanol 

40 

42 

+  5.0 

n-Butanol 

120 

123 

+  2.5 

Isobutanol 

40 

38 

-5.0 

sec-Butanol 

80 

83 

+3.8 

Table  III.  Analysis  of  Aqueous  Ethanol 

,  Other  Substances  Present 

Ethanol 

Ethanol 

Solvent  Present 

Taken 

Found 

Error 

Ml. 

Mg. 

Mg. 

% 

Acetone,  10 

80 

72 

-10 

Acetone,  2.5 

40 

39 

-2.5 

Dioxane,  10 

40 

39 

-2.5 

Ethyl  acetate0 

80 

81 

+  1.2 

Ether0 

40 

40 

0 

Acetaldehyde,  2.5 

40 

45 

+  12.5 

Butvraldehyde0 

80 

81 

+  1.2 

Acetic  acid,  0.2 

80 

73 

-9 

Acetic  acid,  2 

40 

4.3 

-90 

a  20  ml.  of  saturated  aqueous  solution  present. 


at  475  my,  the  reference  being  an  identical  solution  minus  the 
unknown.  The  time  of  mixing  and  the  time  of  reading  are  re¬ 
corded,  and  one  or  two  additional  readings  are  taken  at  2  to  3 
minute  intervals.  The  extinction  extrapolated  to  zero  time  is 
compared  with  the  working  curve  to  find  the  amount  of  alcohol 
present.  If  pure  aqueous  alcohol  is  being  determined,  the  method 
of  extrapolation  used  in  the  above  paragraph  may  be  employed. 
The  reference  solution  should  be  replaced  each  half  hour,  because 
in  dilute  solutions  the  cerate  has  a  tendency  to  change  color  due 
to  a  hydrolytic  reaction  which  finally  results  in  the  precipitation 
of  basic  ceric  nitrate. 

Interferences.  Phenols,  enols,  and  aromatic  amines  inter¬ 
fere  by  producing  anomalous  colors.  l,2-Ox3rgen-containing 


compounds  are  good  reducing  agents  for  tetravalent  cerium  ( 3 ) 
and  therefore  should  be  absent.  Ethylene  glycol  is  the  only 
member  of  this  series  which  yields  a  stable  enough  color  for  de¬ 
termination.  Formaldehyde,  acetaldehyde,  and  propionalde- 
hyde  interfere,  the  former  by  reducing  the  cerium,  and  the  others 
by  producing  varying  amounts  of  color.  For  example,  pure 
acetaldehyde  which  has  stood  at  20°  C.  appears  to  have  the  ex¬ 
tinction  of  about  1%  aqueous  ethanol,  while  that  kept  at  0°  C. 
yields  the  color  of  a  5  to  10%  alcoholic  solution,  and  propional- 
dehyde  behaves  similarly  to  a  lesser  extent;  the  polymeric  forms 
of  these  aldehydes  probably  contain  .  hydroxyl  groups.  No 
common  inorganic  reducing  agents,  bases,  or  highly  colored  com¬ 
pounds  may  be  present.  The  alcohol  should  be  separated  from 
all  common  anions  by  distillation  of  the  neutral  solution,  be¬ 
cause  all  common  anions  compete  with  the  alcohol  in  complex 
formation.  Very  high  concentrations  of  noninterfering  organic 
compounds  cause  deviation  of  the  time  extrapolation  from  a 
straight  line.  The  method  is  not  useful  on  mixtures  immiscible 
with  the  reagent,  although  water  extracts  methanol  and  ethanol 
quantitatively  from  most  mixtures  of  this  type  (2). 

Application  of  Procedure.  Pure  aqueous  alcohol  solutions 
were  analyzed  (Table  II). 

Solutions  of  ethanol  containing  large  amounts  of  common 
nonalcoholic  solvents  were  analyzed  with  the  results  listed  in 
Table  III. 
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Colorimetric  Determination  of  Molybdenum  in  Iron  and  Steel 

MITCHELL  KAPRON  AND  PAUL  L.  HEHMAN,  Packard  Motor  Car  Co.,  Detroit,  Mich. 


A  photometric  method  for  determining  molybdenum  in  ferrous 
metals  employs  water-soluble  solvents  of  low  volatility  which  pro¬ 
duce  a  very  stable  molybdenum-thiocyanate  complex  color  without 
the  necessity  for  extraction.  Interferences  and  their  elimination, 
as  well  as  the  precision  and  accuracy  of  the  method,  are  discussed. 

WITH  recent  progress  in  the  manufacture  of  precision  electric 
photometric  apparatus,  colorimetric  methods  for  routine 
analyses  have  greatly  simplified  many  determinations.  One  of 
these  is  the  determination  of  molybdenum  by  measuring  the  in¬ 
tensity  of  the  color  of  the  molybdenum-thiocyanate  complex. 
This  molybdenum  complex  is  customarily  extracted  from  solu¬ 
tion,  after  reduction  by  stannous  chloride,  using  ether  (5,  6),  butyl 
acetate  ( 4 ),  or  cyclohexanol  (3)  as  extractants.  The  limitations 
of  these  solvents  ( 2 )  and  of  the  extraction  method  became  ap¬ 
parent  when  an  attempt  was  made  to  standardize  a  routine 
method  for  use  with  a  Fisher  A.C.  Model  photometer  using  23-ml. 
absorption  cells. 

In  an  attempt  to  overcome  these  limitations  and  to  develop  a 
method  characterized  by  the  ease  and  simplicity  of  a  direct 
determination  the  possibility  of  using  water-soluble,  less  vola¬ 
tile  solvents,  the  glycol  ethers  was  studied.  Those  available 
for  immediate  considerations  were  Cellosolve,  diethyl  Cello- 
solve,  butyl  Cellosolve,  Carbitol,  methyl  Carbitol,  and  butyl 
Carbitol  obtained  from  the  Carbide  and  Carbon  Chemicals 
Corp. 

EXPERIMENTAL 

Preliminary  investigation  showed  that  the  molybdenum- 
thiocyanate  complex  color  was  strongly  developed  in  solution. 


without  the  necessity  of  extraction.  The  method  developed  for 
carbon  and  alloy  steels  and  cast  irons  consists  of  dissolving  the 
sample  in  perchloric  acid,  adding  the  appropriate  solvent,  and 
developing  the  color  subsequently  with  potassium  thiocyanate 
and  stannous  chloride. 

In  high-chromium  and  stainless  steels  it  was  necessary  to  re¬ 
move  most  of  the  chromium  in  order  to  get  the  required  accuracy; 
the  procedure  outlined  by  Smith  (5)  for  volatilizing  the  chromium 
as  chromyl  chloride  was  found  effective. 

As  perchloric  acid  is  unsatisfactory  for  dissolving  tungsten 
steels,  the  methods  of  Cunningham  ( 1 ),  Smith  ( 9 ),  and  Poole  (7) 
were  investigated.  The  perchloric-phosphoric  acid  mixtures 
(7,  9)  were  further  studied,  since  they  conformed  more  to  the 
procedures  adopted  for  the  other  steels.  Subsequent  work  re¬ 
vealed  that  the  acid  ratio  of  Smith  (9)  provided  the  optimum 
solvent  for  the  sample  weight  taken  and  it  was  therefore  chosen 
for  more  complete  study. 

The  transmittance  characteristics  of  the  color  developed  using 
butyl  Cellosolve  and  butyl  Carbitol  were  checked  with  a  univer¬ 
sal  spectrophotometer  and  it  was  found  that  maximum  absorp¬ 
tion  occurred  at  a  wave  length  of  approximately  470  my.  Ac¬ 
cordingly  a  Coming  filter  No.  430  having  a  maximum  trans¬ 
mittance  of  light  of  this  wave  length  was  used  for  all  subsequent 
work. 

The  least  amount  of  solvent  that  could  be  added  conveniently 
and  still  ensure  maximum  color  development  was  determined  to 
be  15  ml.  Less  than  this  led  to  a  rapid  fading  of  the  color, 
while  more  produced  no  increase  in  intensity. 

Figure  1  shows  the  results  obtained,  using  the  six  solvents 
mentioned  above,  on  National  Bureau  of  Standards  steel  72b  con- 
taining'0.223%  molybdenum.  Obviously,  on  the  basis  of  color 


574 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  17,  No.  9 


Figure  1.  Time  Studies  of  Color  Stability  of  Molybdenum 
Thiocyanate  Complex  in  Various  Solvents 


stability,  butyl  Cellosolve  and  butyl  Carbitol  are  superior  to  the 
others. 

These  two  solvents  were  chosen  for  time  studies  of  the  color 
stability  of  the  molybdenum-thiocyanate  complex  at  various 
concentrations.  As  can  be  seen  from  Figure  2,  this  color  attains 
maximum  stability  10  minutes  afters  its  development  and  re¬ 
mains  stable  for  at  least  90  minutes.  The  molybdenum  concen¬ 
trations  in  the  Bureau  of  Standards  steels  used  are  listed  in  Table 
I.  From  these  concentrations  and  the  logarithmic  scale  values 
obtained,  the  standard  curves  shown  in  Figure  3  were  developed. 


REAGENTS 

Potassium  Thiocyanate  Solution.  Dissolve  50  grams  of  c.p. 
potassium  thiocyanate  in  distilled  water  and  dilute  to  1  liter. 

Stannous  Chloride  Solution.  Dissolve  350  grams  of  stan¬ 
nous  chloride  dihydrate  in  250  ml.  of  concentrated  hydrochloric 
acid,  using  a  temperature  of  50°  C.  or  less  to  effect  solution. 
Cool,  add  250  ml.  of  water,  transfer  to  a  1-liter  volumetric  flask, 
and  dilute  to  the  mark  with  1  to  1  hydrochloric  acid.  If  clear, 
add  3  to  5  grams  of  c.p.  metallic  tin  and  let  stand  24  horns. 
If  not  clear,  let  stand  24  hours,  filter,  and  add  3  to  5  grams  of  c.p. 
metallic  tin. 

Phosphoric-Perchloric  Acid  Mixture.  To  500  ml.  of 
water,  add  333  ml.  of  phosphoric  acid  (85%)  and  167  ml.  of 
perchloric  acid  (70  to  72%).  Thoroughly  mix  and  cool. 

Solvent.  Butyl  Cellosolve  (ethylene  glycol  monobutyl  ether) 
or  butyl  Carbitol  (diethylene  glycol  monobutyl  ether)  made  by 
Carbide  and  Carbon  Chemicals  Corp. 

ANALYTICAL  PROCEDURE 

Carbon  and  Low-Alloy  Steels.  Dissolve  1.0  gram  of  the 
sample  in  5  ml.  of  1  to  1  hydrochloric  acid  and  15  ml.  of  per¬ 
chloric  acid  (70  to  72%)  using  a  covered  300-ml.  tail-form  lipped 
beaker.  [For  steels  containing  over  0.5%  carbon  or  0.05%  sul¬ 
fur,  dissolve  first  in  20  ml.  of  1  to  1  hydrochloric  acid.  Add 
concentrated  nitric  acid  dropwise  to  complete  oxidation,  cool 
slightly,  then  add  15  ml.  of  perchloric  acid  (70  to  72%.]  Heat 
gently  to  dense  fumes  and  continue  fuming  for  5  to  7  minutes. 
Cool  slightly,  then  submerge  in  cold  running  water.  Add  20 


Table  I.  National  Bureau  of  Standards  Steels  Used  in  Establishing 


Steel  No. 

Figure  3 

Certificate 

Value,  %  Mo 

Steel  No. 

Certificate 
Value,  %  Mo 

1 

72b 

0.223  5 

33c 

0.032 

2 

106a 

0.203  6 

65b 

0.006 

3 

72 

0.149 

lie 

0.007 

4 

32c 

0.063 

Nos.  1  to  6  refer  to  position  in  Figure  2. 

ml.  of  water  to  dissolve  salts  and  boil  3  to  5  minutes.  Cool, 
transfer  quantitatively  to  a  200-ml.  volumetric  flask,  dilute  to 
the  mark  with  distilled  water,  and  mix  thoroughly. 

Pipet  exactly  25  ml.  of  the  above  into  a  100-ml.  volumetric 
flask,  and  add  from  a  buret  and  in  the  following  order,  with 
swirling,  15  ml.  of  solvent,  5  ml.  of  potassium  thiocyanate,  and 
5  ml.  of  stannous  chloride.  Dilute  to  the  mark,  immediately 
after  adding  the  stannous  chloride,  with  distilled  water  and  mix 
thoroughly.  Let  stand  10  minutes  and  measure  the  color 
photometrically. 

High-Chromium  and  Stainless  Steels.  Dissolve  1.0  gram 
of  the  steel  in  5  ml.  of  1  to  1  hydrochloric  acid  and  20  ml.  of 
perchloric  acid  (70  to  72%)  using  a  500-ml.  Erlenmeyer  flask  or  a 
covered  300-ml.  tail-form  lipped  beaker.  Heat  gently  to  dense 
fumes  and  continue  fuming  5  to  7  minutes.  Cool  slightly  and 
add  1  to  2  ml.  of  concentrated  hydrochloric  acid  while  swirling 
the  vessel.  Heat  again  until  dense  fumes  are  evolved.  Repeat 
addition  of  hydrochloric  acid  and  subsequent  heating  until 
yellowish-orange  fumes  of  chromyl  chloride  cease  to  be  evolved. 
During  volatilization,  it  may  be  necessary  to  add  perchloric  acid 
to  prevent  crystallization.  When  the  chromium  content  has 
been  reduced  as  much  as  possible,  cool  the  solution,  add  20  ml. 
of  water,  and  proceed  as  for  carbon  and  low-alloy  steels. 

If  the  high-alloy  steel  sample  dissolves  with  difficulty  in  the 
above  acid  mixture,  it  may  be  dissolved  first  in  20  ml.  of  1  to  1 
hydrochloric  acid,  followed  by  dropwise  oxidation  with  concen- 
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Figure  2.  Time  Studies  of  Color  Stability  at  Various  Concen¬ 
trations  of  Molybdenum  Thiocyanate  Complex 
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Table  II.  Analysis  of  National  Bureau  of  Standards  Samples 


Certifi¬ 

Pro¬ 

Sample 

cate 

posed 

Devia¬ 

No. 

Type 

Additions 

Value 

Method 

tion 

%  Mo 

%  Mo 

%  Mo 

lOe 

Bessemer 

0.010 

0.011 

+0.001 

30b 

Cr,  V  (SAE  6135) 

0.014 

0.014 

0.000 

19d 

A.O.H. 

0.017 

0.016 

-0.001 

33c 

Ni  (SAE  2335) 

0.032 

0.032 

0.000 

30d 

Cr,  V  (SAE  6135) 

0.034 

0.035 

+0.001 

20%  W 

0.034 

0.036 

+0.002 

20d 

A.O.H. 

0.062 

0.063 

+0.001 

32c 

Cr,  Ni  (SAE  3140) 

0.063 

0.065 

+  0.002 

20%  W 

0.063 

0.062 

-0.001 

72 

Cr,  Mo  (SAE  X4130) 

0.149 

0.152 

+0.003 

0.149 

0.152 

+  0.003 

0.149 

0.152 

+0.003 

20%  W 

0.149 

0.150 

+0.001 

106a 

Cr,  Mo,  A1  (Nitrallov 
G) 

0.203 

0.203 

0.000 

0.203 

0.202 

-0.001 

0.203 

0.203 

0.000 

20%  W 

0.203 

0.205 

+  0.002 

111a 

Ni,  Mo  (SAE  4620) 

0.222 

0.224 

+  0.002 

0.222 

0.222 

0.000 

0.222 

0.224 

+0.002 

20%  W 

0.222 

0.223 

+0.001 

130 

Lead-bearing 

0.225%  Mo 

0.003 

0.224 

-0.004 

8f 

Bessemer 

0  225%  Mo 

0.001 

0.225 

-0.001 

135 

5  Cr,  0.5  Mo 

0.575 

0.570 

-0.005 

0.575 

0.574 

-0.001 

0.575 

0.566 

-0.009 

133 

14  Cr,  0.6  Mo 

0.559 

0.564 

+  0.005 

0 . 559 

0.558 

-0.001 

0.559 

0 . 551 

-0.008 

73a 

14  Cr 

0.069 

0.069 

0.000 

36 

2  Cr,  1  Mo 

1.01 

0.996 

-0.014 

1.01 

1.008 

-0.002 

1.01 

1.004 

-0.006 

101a 

18  Cr,  9  Ni  (SAE  30,- 

905) 

0.225%  Mo 

0.010 

0.240 

+  0.005 

121a 

18  Cr,  10  Ni  (Ti-bear- 

ing) 

0.225%  Mo 

0.020 

0.249 

+  0.004 

21c 

A.O.H. 

18%  W,  4% 

Cr,  1%  V, 
0.225% 

Mo 

0.005 

0.239 

+  0.009 

50 

18  W,  4  Cr,  1  V 

0.225%  Mo 

0.01 

0.250° 

+0.015 

6e 

Cast  iron 

0.225%  Mo 

0.016 

0.243 

+  0.002 

Cast  iron 

0.225%  Mo 

0.016 

0.245 

+  0.004 

°  Average  of  12  determinations,  0.5-gram  sample  used. 


trated  nitric  acid,  and  subsequent  addition  of  and  fuming  with 
perchloric  acid. 

For  volatilization  of  the  chromium  as  chromyl  chloride,  1  to  2 
grams  of  sodium  chloride  salt  may  be  used  rather  than  concen¬ 
trated  hydrochloric  acid.  This,  however,  produces  a  high  salt 
concentration  which  may  lead  to  troublesome  crystallization 
before  elimination  of  enough  chromium. 

Tungsten  Steel.  Dissolve  a  0.5-gram  sample  with  20  ml.  of 
phosphoric-perchloric  acid  mixture  in  a  covered  300-ml.  tail- 
form  beaker.  (For  larger  samples  use  a  proportionately  greater 
volume  of  acid.)  Apply  heat  slowly  until  sample  is  completely 
dissolved  and  begins  to  fume  gently  (approximately  175°  to 
190°  C.).  When  solution  is  complete,  as  indicated  by  its  clear 
green  or  brown  color,  cool  slightly  and  add  10  ml.  of  perchloric 
acid  (70  to  72%).  Reheat  this  solution  until  dense  fumes  of 
acid  are  evolved.  Reduce  the  chromium  content,  volatilizing  it 
as  chromyl  chloride,  by  adding  dropwise  successive  2-  to  3-ml. 
portions  of  concentrated  hydrochloric  acid;  the  solution  will 
assume  a  green  color  with  formation  of  reduced  chromium. 
Heat  again  until  dense  fumes  are  evolved. 

Repeat  the  addition  of  hydrochloric  acid  and  subsequent 
heating  until  the  yellowish-orange  chromyl  chloride  ceases  to  be 
evolved.  During  this  volatilization  it  is  necessary  to  replace  the 
lost  perchloric  acid  by  cooling  and  adding  5-ml.  portions.  When 
the  chromium  concentration  has  been  reduced  as  much  as  pos¬ 
sible,  cool  the  solution  and  add  5  ml.  of  perchloric  acid  (70  to 
72%).  Heat  to  fuming  and  continue  fuming  for  3  to  4  minutes  to 
remove  the  last  traces  of  hydrochloric  acid.  Cool,  dilute  to  ap¬ 
proximately  100  ml.  with  water,  mix  thoroughly,  and  boil  2  to  4 
minutes.  Again  cool,  transfer  to  a  200-ml.  volumetric  flask,  dilute 
to  the  mark,  and  mix.  F rom  this,  pipet  exactly  a  25-ml.  aliquot  into 
a  100-ml.  volumetric  flask,  and  add  10  ml.  of  sulfuric  acid  (1  to  1). 
Cool  under  wrater  and  add  successively,  and  while  swirling  the 
flask,  15  ml.  of  solvent,  5  ml.  of  potassium  thiocyanate,  and  5 
ml.  of  stannous  chloride.  Dilute  to  the  mark  with  water,  im¬ 
mediately  after  adding  the  stannous  chloride.  Let  stand  20 
minutes  before  measuring  the  developed  color  on  the  photom¬ 
eter,  using  a  470-A  filter. 


Certain  precautions  must  be  followed  to  prevent  precipitation 
of  tungsten.  The  addition  of  more  perchloric  acid  than  that 
recommended,  following  solution  of  steel  or  during  volatiliza¬ 
tion  of  chromium,  is  likely  to  cause  precipitation.  An  excessive 
loss  of  phosphoric  acid  during  fuming  may  lead  to  formation  of  a 
turbidity  in  the  final  solution;  this  may  be  prevented  by  adding 
10  ml.  of  20%  ammonium  tartrate  or  citrate  ( 1 ,  5)  following  addi¬ 
tion  of  the  sulfuric  acid.  Addition  of  more  than  10  ml.  of  sul¬ 
furic  acid  (1  to  1)  at  this  point  will  also  prevent  precipitation  of 
tungsten.  If  desired,  5  ml.  of  a  sulfuric-perchloric  acid  mixture 
(1  to  1)  may  be  substituted  for  the  final  5  ml.  of  perchloric  acid 
before  fuming.  By  thus  raising  the  temperature  of  the  solu¬ 
tion  to  203°  to  205°  C.  complete  oxidation  is  assured. 

Cast  Iron.  Dissolve  1.0  gram  of  the  sample  in  25  ml.  of  1  to  1 
hydrochloric  acid  using  a  covered  300-ml.  tail-form  beaker. 
When  solution  is  complete,  add  concentrated  nitric  acid  drop- 
wise.  Add  10  ml.  more  of  concentrated  nitric  acid  and  heat  3  to 
5  minutes  to  ensure  complete  oxidation.  Cool  the  solution  and 
filter  the  precipitate,  using  a  Whatman  No.  41  filter  paper,  or 
equivalent.  Wash  the  precipitate  alternately  with  hot  1  to  1  hy¬ 
drochloric  acid  and  hot  water,  6  times  or  more  if  necessary. 
Wash  finally  with  hot  water  until  the  filtrate  is  clear.  Reduce  the 
volume  of  the  filtrate  to  about  15  ml.  by  boiling,  cool,  and  add 
15  ml.  of  perchloric  acid  (70  to  72%).  Mix  thoroughly  and  boil 


Figure  3.  Relationship  between  Molybdenum  Concentration 
and  Amount  of  Absorption 
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Table  III.  Deviations  Due  to 

Interfering  Elements 

N.B.S. 

Maxi¬ 

N.B.S. 

Certifi¬ 

mum 

Steel 

cate 

Proposed 

Devia¬ 

No. 

Type 

Additions 

Value 

Method 

tion 

%  Mo 

%  Mo 

%  Mo 

72b 

Cr-Mo  (SAE 
X4130) 

0-20%  W 

0.223 

0.221-0.225 

±0.002 

0-3.0%  V 

0.223 

0.223-0.231 

+0.008 

0-3.0%  At 

0.223 

0.223-0.220 

-0.003 

0-0.3%  Cu 

0.223 

0.223 

0.000 

0.3-1. 5%  Cu 
Gum  arabic 

0.223 

0.225-0.235 

+  0.012 

Ilia 

Ni-Mo  (SAE 
4620) 

0-3.0%  Ti 

0.222 

0.222-0.219 

-0.003 

0-12%  Ni 

0.222 

0.222-0.225 

+  0.003 

0-10%  Cr 

0.222 

0 . 222-0 . 282 

+  0.060 

0-15%  Co 

0.222 

0.222-0.233 

+0.011 

until  dense  fumes  are  evolved.  Continue  fuming  for  5  to  7 
minutes.  Cool,  dilute,  and  develop  the  molybdenum-thiocya¬ 
nate  complex  as  outlined  for  carbon  and  low-alloy  steels. 

DISCUSSION  AND  NOTES 

The  1.0-gram  sample  weight  specified  was  chosen  so  that 
other  elements,  such  as  nickel,  chromium,  and  manganese,  could 
be  conveniently  determined  from  the  single  sample.  The  size 
of  the  aliquot  taken  for  molybdenum  and  the  final  volume  used 
in  the  procedures  as  outlined  were  chosen  to  give  a  working  range 
of  0  to  0.3%  molybdenum.  When  higher  concentrations  are 
encountered,  proportionately  smaller  samples  should  be  used, 
making  up  the  difference  with  a  molydenum-free  steel.  As  an 
alternative,  a  new  standard  curve  may  be  established,  using  a 
smaller  sample  or  greater  final  volume  of  solution. 

Of  interest  to  those  who  might  prefer  a  smaller  sample,  so  that 
direct  dilution  to  100  ml.  may  be  made,  0.125-gram  samples  were 
weighed  out.  The  proposed  procedure  was  followed  except  that 
the  acid  solvent  consisted  of  5  ml.  of  1  to  1  hydrochloric  acid  and 
10  ml.  of  perchloric  acid  (70  to  72%).  The  resultant  maximum 
deviation  in  the  determination  of  molybdenum  was  —0.002% 
in  the  case  of  Bureau  of  Standards  No.  72;  —0.003%  in  the  case 
of  No.  106a;  and  —0.003%  in  the  case  of  No.  72b. 

It  was  found  that  the  solvent  could  be  added  before  or  after 
the  potassium  thiocyanate  with  equal  accuracy.  Adding  the 
solvent  after  the  reduction  with  stannous  chloride  gives  low 
results,  as  the  color  fades  somewhat.  If  added  in  the  proper 
order  the  elapsed  time  between  the  additions  has  no  effect  upon 
the  final  intensity  of  the  color.  Final  dilution  to  volume  should, 
however,  be  made  immediately  after  addition  of  the  stannous 
chloride. 

In  determining  the  optimum  concentration  of  reagents,  the 
addition  of  small  and  convenient  quantities  was  the  basis  for  their 
preparation.  Experiment  showed  that  5  ml.  of  a  5%  potassium 
thiocyanate  solution  were  sufficient  to  ensure  complete  conver¬ 
sion  of  the  molybdenum  into  the  thiocyanate  complex.  A  mini¬ 
mum  of  5  ml.  of  stannous  chloride  was  chosen  as  the  volume  of 
reducing  agent  to  be  used,  in  the  concentration  noted.  To  en¬ 
sure  complete  solution  of  the  stannous  chloride  and  its  subse¬ 
quent  stability  on  standing,  an  optimum  concentration  of  1  to  1 
hydrochloric  acid  was  found.  Letting  this  solution  stand  a 
minimum  of  24  hours  after  its  preparation  ensures  its  stability 
and  workability. 

Alloying  elements  most  likely  to  be  encountered  in  the  type  of 
ferrous  metals  under  consideration,  which  might  cause  inter¬ 
ference  in  the  molybdenum  determination,  were  added  to  Na¬ 
tional  Bureau  of  Standards  steels  72b  and  111  A  in  the  form  of 
standard  solutions  of  the  salts,  made  up  using  c.p.  reagents 
(Table  III).  The  solutions  used  were  nickel  chloride  (1  ml.  =  5 
mg.  of  nickel),  chromium  trioxide  (1  ml.  =  5  mg.  of  chromium), 
ammonium  metavanadate  (1  ml.  -  1  mg.  of  vanadium),  alumi¬ 

num  chloride  (1  ml.  =  1  mg.  of  aluminum),  copper  sulfate  (1  ml.  = 
1  mg.  of  copper),  c.p.  cobalt  nitrate  (1  ml.  =  5  mg.  of  cobalt), 
and  molybdenum-free  sodium  tungstate  (1  ml.  =  2  mg.  of  tung¬ 
sten).  The  standard  titanium  solution  (1  ml.  =  1  mg.  of  ti¬ 


tanium)  was  prepared  by  fusing  c.p.  titanium  dioxide  with 
sodium  carbonate  and  dissolving  the  melt  in  hydrochloric  acid 
(1  to  1). 

The  presence  of  aluminum,  vanadium,  titanium,  and  nickel  in 
varying  concentrations,  as  high  as  might  be  encountered  in  the 
usual  ferrous  analyses,  caused  deviations  well  within  permissible 
limits. 

Interference  of  chromium  becomes  greater  with  increased  con¬ 
centration.  At  10%  chromium  the  error  in  the  determination 
of  molybdenum  is  0.06%  molybdenum.  It  was  subsequently 
found  that  if  the  chromium  content  was  reduced  as  much  as  pos¬ 
sible  by  volatilization  as  chromyl  chloride  as  outlined  in  the 
procedure  for  stainless  steels,  the  deviation  was  likewise  reduced— 
e.g.,  less  than  0.002%  molybdenum  at  0.25%  chromium.  Non- 
stainless  types  of  steels  containing  less  than  1  %  chromium  can  be 
run  without  volatilization  of  the  chromium,  since  the  maximum 
interference  at  this  concentration  was  0.002%. 

Copper  wras  added  in  the  range  from  0  to  1.5%.  Up  to  0.3% 
no  interference  was  encountered.  Above  this  amount  turbidity 
caused  by  precipitation  of  cuprous  thiocyanate  made  accurate 
photometric  readings  impossible.  This  turbidity  can  be  pre¬ 
vented  by  adding  gum  arabic  in  a  10%  aqueous  solution.  If  the 
gum  solution  was  added  in  the  ratio  of  0.1  gram  of  gum  per  0.1% 
copper  to  the  25-ml.  aliquot  before  addition  of  further  reagents, 
motybdenum  could  be  determined  satisfactorily.  At  1.5%  cop¬ 
per  the  deviation  was  only  0.012%  molybdenum.  The  photo¬ 
metric  readings  were  most  accurate  if  made  from  5  to  15  minutes 
after  the  color  development. 

Cobalt  wras  studied  in  the  range  from  0  to  15%.  Up  to  5.0% 
cobalt,  no  interference  wras  encountered.  The  interference  at 
6.0%  cobalt  was  +0.001%  molybdenum,  reaching  a  maximum 
deviation  of  +0.011%  molybdenum  at  15%  cobalt. 

Tungsten  is  found  in  tool  steels  up  to  20%.  Standard  molyb¬ 
denum-free  sodium  tungstate  solution  was  added  to  alloy  steels 
72b,  30d,  32c,  72,  106a,  and  21c  to  give  concentrations  up  to  20% 
tungsten.  In  no  case  did  the  deviation  from  the  accepted 
values  exceed  0.009%.  In  order  to  accomplish  this  accuracy 
it  was  necessary  to  dissolve  the  sample  in  phosphoric-perchloric 
acid  mixture  and  to  follow  all  the  precautions  outlined  in  the 
procedure  for  tungsten  steels  to  prevent  precipitation  of  tung¬ 
stic  acid.  The  chromium  was  necessarily  removed  by  volatiliza¬ 
tion. 

In  Table  II  are  listed  Bureau  of  Standards  ferrous  metals  an¬ 
alyzed  in  accordance  with  the  proposed  procedures.  It  is  from 
the  accuracy  and  reproducibility  obtained  that  the  conclusions 
regarding  interferences  were  drawm. 

The  method  as  outlined  gives  results  well  within  the  limits  of 
accuracy  and  reproducibility  required.  It  eliminates  the  neces¬ 
sity  of  extracting  the  molybdenum  thiocyanate  complex  color 
before  its  intensity  can  be  measured  and  gives  a  color  which  ex¬ 
perience  has  shown  w'ill  remain  stable  for  24  hours. 
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Anhydrous  Sodium  Carbonate  as  a  Standard  of  Reference 

in  Acidimetry 

WALTER  R.  CARMODY,  Boston  College,  Chestnut  Hill,  Mass. 


During  the  transformation  of  sodium  bicarbonate  to  sodium  carbonate, 
moisture  to  the  extent  of  approximately  0.1%  is  occluded  within 
the  product.  This  moisture  is  lost  very  slowly  at  temperatures  even 
as  high  as  300°  C.  No  detectable  amounts  of  sodium  hydroxide 
were  found  in  samples  of  sodium  carbonate  that  had  been  trans¬ 
formed  at  temperatures  below  300°  C.  Samples  of  five  leading 
brands  of  reagent  grade  sodium  carbonate  were  found  to  have  purity 
factors  satisfactory  for  a  standard  of  reference  in  acidimetry. 

SIN  CE  the  beginning  of  the  century  sodium  carbonate  has  been 
widely  used  as  a  standard  of  reference  in  acidimetry.  Lunge 
(7)  showed  that  sodium  carbonate  was  stable  when  heated  for  a 
long  period  at  temperatures  as  high  as  300°  C.  At  the  present 
time  there  is  uncertainty  concerning  not  only  the  temperature 
and  conditions  under  which  sodium  bicarbonate  may  be  com¬ 
pletely  transformed  into  the  normal  carbonate,  but  also  the 
purity  of  the  product. 

Kunz-Krause  and  Richter  (4)  reported  that  decomposition  of 
sodium  bicarbonate  was  only  99%  complete  when  heated  to  con¬ 
stant  weight  at  250°  C.  but  was  complete  when  the  material  was 
stirred  several  times  at  that  temperature.  Smith  and  Hardy  (9) 
found  that  2  hours  were  required  for  complete  decomposition  of 
the  acid  salt  at  305°  C.  at  atmospheric  pressure  because  of  the 
slowness  of  the  reaction 

Na2C03.H20  —  Na^C03  H20 

Lunge  (6)  reported  that  bicarbonate  is  completely  converted 
into  the  carbonate  upon  being  heated  for  a  few  minutes  at  260°  to 
270°  C.,  and  is  free  of  bicarbonate,  water,  and  sodium  oxide  after 
being  heated  for  0.5  hour  at  not  over  300°  C.  More  recently 
Lidner  and  Figala  (5)  reported  that  the  reaction  is  complete  after 
several  hours  at  130°  to  140°  C.,  and  Waldbauer,  McCann,  and 
Tuleen  (10)  concluded  that  any  sample  of  sodium  bicarbonate 
heated  above  150°  C.  is  completely  converted,  regardless  of  the 
time  of  heating,  and  since  their  product  was  found  to  have  a 
factor  of  purity  greater  than  unity,  that  sodium  hydroxide  is 
produced  during  the  reaction.  Hou  (3)  also  obtained  a  product 
(by  conversion  in  a  rotary  furnace  at  temperatures  ranging  from 
160°  to  220°  C.),  the  factor  of  purity  of  which  was  over  unity. 


Time,  Hours 
Figure  1 


Many  past  investigations  were  not  sufficiently  precise  for  es¬ 
tablishing  the  conditions  in  the  preparation  of  a  reagent  to  be 
used  as  a  standard  of  reference  in  analysis.  Whether  a  reaction 
may  be  considered  complete  may  depend  upon  the  precision  used 
in  the  experimental  work.  In  the  present  work  precision  re¬ 
quirements  were  kept  in  mind,  with  a  view  to  clearing  up  the  un¬ 
certainty  concerning  the  methods  of  preparation  and  the  purity 
of  sodium  carbonate. 

MATERIALS  AND  REAGENTS 

All  materials  and  reagents  were  reagent  grade.  Three  different 
samples  of  sodium  bicarbonate  were  used:  the  first  supplied  by  a 
well-known  firm,  the  second  prepared  from  this  by  recrystalliza¬ 
tion  from  hot  aqueous  solution,  and  the  third  prepared  by  satu¬ 
rating  a  solution  of  the  normal  salt  with  carbon  dioxide.  Stand¬ 
ard  hydrochloric  acid  solutions  were  made  from  constant-boiling 
acid  prepared  according  to  Foulk  and  Hollingsworth  (2).  Two 
standard  acid  stock  solutions  were  prepared  from  independently 
prepared  constant-boiling  hydrochloric  acid.  A  sample  of  so¬ 
dium  carbonate  analyzed  by  one  standard  solution  showed  a 
factor  of  purity  of  99.99%,  and  by  the  Second  solution  100.00%. 
The  alcohol  was  thoroughly  tested  and  found  free  from  signifi¬ 
cant  amounts  of  acid-  or  base-neutralizing  components. 

METHODS  OF  ANALYSIS 

The  purity  of  the  sodium  carbonate  product  was  determined 
by  titration  against  standard  hydrochloric  acid  approximately 
0.5  N.  Methyl  yellow  modified  with  methylene  blue  ( 1 )  was 
used.  All  methods  were  designed  to  correspond  to  a  precision  of 
1  part  in  10,000.  Relatively  large  samples  were  analyzed, 
weighing  burets  were  used,  and  weights,  were  adjusted  to  the 
vacuum  basis. 

Factors  of  purity  were  determined  on  19  different  samples  in¬ 
volving  more  than  50  determinations.  The  average  of  the  19 
average  deviations  was  1.4  parts  per  10,000.  The  work  was  car¬ 
ried  out  during  months  when  the  relative  humidity  inside  the 
heated  laboratory  was  very  low.  When  ordinary  precautions 
were  exercised  the  hygroscopic  properties  of  the  product  were 
found  not  to  interfere  to  any  significant  extent. 

TIME-TEMPERATURE  STUDIES 

The  fact  that  the  reactions  involved  are  endothermic  suggests 
that  the  course  of  the  reactions  can  be  studied  by  following  the 
temperature  at  the  center  of  a  comparatively  large  mass  of  the 
substance  over  the  transformation  period.  Experimental  condi¬ 
tions  were  as  follows: 

An  ordinary  30-ml.  (1-ounce)  -wide-mouthed  bottle  was  filled 
with  the  samples,  which  weighed  approximately  30  grams.  The 
bottle  was  closed  with  a  cork  stopper  through  which  the  thermom¬ 
eter  was  inserted,  so  that  the  bulb  was  in  the  center  of  the  sample. 
The  cork  had  a  small  groove  to  allow  the  decomposition  products 
to  escape.  The  bottle  was  suspended  horizontally  in  an  oven, 
the  temperature  of  which  was  thermostatically  regulated.  Tem¬ 
perature  readings  were  taken  until  the  temperature  at  the  center 
of  the  sample  became  equal  to  that  of  the  oven. 

Runs  were  made  at  oven  temperatures  of  290°,  200°,  170°, 
and  130°  C.  The  results  in  each  case  were  similar.  After  a 
short  rapid  rise  to  approximately  120°  C.  the  temperature  at  the 
center  of  the  reaction  mass  remained  practically  constant  at  this 
temperature  for  periods  ranging  from  0.5  hour  at  the  highest 
oven  temperature  to  8  hours  at  the  lowest  temperature,  then  rose 
rapidly  to  oven  temperature.  In  each  case  only  one  constant- 
temperature  period  was  found.  The  upper  part  (above  160°)  of 
each  curve  for  runs  made  at  the  higher  temperatures  was  practi¬ 
cally  identical  with  the  curve  of  the  corresponding  blank  run. 
When  samples  of  the  product  obtained  from  the  runs  at  170°  and 
200°  were  ignited  in  a  furnace  for  3  hours  at  290°  C.,  losses  in  weight 
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Tabic  I.  Time-Temperature  Runs 

(30-gram  sample  in  1-ounee  bottle) 


Oven 

Constant 

Period  of 
Constant 

Sample 

Temperature 

Temperature 

Temperatur 

0  c. 

0  C. 

Hours 

NaHCOa 

290 

125 

0.8 

200 

122 

2.0 

170 

121 

3.5 

130 

118 

8.0 

Na2COa.  H2O 

170 

112 

1.5 

Table  II.  Time  for  Completion  of  Reaction 

(5-gram  sample  of  NaHCOs  in  crucible) 

Temperature,  °  C.  140  160  200  290 

Time,  hours  3.0  1.5*  0.5  0.4 


were  0.02  and  0.01%,  respectively.  In  the  same  way  time- 
temperature  runs  were  made  on  samples  of  sodium  carbonate 
monohydrate,  which  gave  a  practically  constant-temperature 
period  at  112°. 

Details  of  the  time-temperature  runs  (Table  I)  and  char¬ 
acteristic  curves  (Figure  1)  demonstrate  that  the  decomposition 
proper  of  sodium  bicarbonate  takes  place  at  relatively  low  tem¬ 
peratures  and  that  carbon  dioxide  and  water  are  lost  simultane¬ 
ously.  The  rate  of  decomposition  increases  rapidly  with  in¬ 
crease  in  the  temperature,  so  that  the  reaction  is  practically  com¬ 
plete  by  the  time  the  entire  sample  has  reached  160°  C. 

OPTIMUM  CONDITIONS  FOR  PREPARING  PURE  SODIUM  CARBONATE 

In  determining  the  optimum  methods  for  producing  pure  so¬ 
dium  carbonate,  easily  reproducible  experimental  conditions  were 
selected. 

An  approximately  5-gram  sample  of  bicarbonate  was  placed 
in  a  20-ml.  crucible.  For  temperatures  up  to  220°  C.  an  oven 
was  used;  above  that  an  ordinary  ignition  furnace.  The 
crucible  was  placed  in  the  oven  without  cover  and  out  of  direct 
contact  with  the  heating  element  or  its  radiations.  Preliminary 
runs  were  made  to  determine  the  time  of  heating  necessary 
for  completion  of  the  reaction  at  several  temperatures  ranging 
from  140°  to  300°.  The  completeness  of  the  reaction  was 
determined  by  ascertaining  the  loss  in  weight  upon  further 
ignition  for  3  hours  at  300°.  Later  results  indicated  that 
ignition  at  300°  C.  does  not  necessarily  result  in  a  completely  de¬ 
hydrated  product,  but  for  the  purposes  of  this  investigation  this 
test  was  adequate. 

In  every  case  decomposition  came  to  practical  completion  from 
140°  to  280°  C.  with  some  dispatch;  following  this  was  a  period 
in  which  the  samples  lost  weight  slowly.  Practically  identical 
results  were  obtained  in  more  than  50  ignitions  on  three  different 
samples  of  sodium  bicarbonate.  The  time  necessary  for  con¬ 
summation  of  the  fast  reaction  for  several  temperatures  is  given 
in  Table  II.  The  amount  of  the  “slowly  lost”  weight  approxi¬ 
mated  6  parts  per  10,000.  The  work  of  Richards  and  Hoover  ( 8 ) 
indicates  that  this  slowly  lost  weight  consists  of  moisture  oc¬ 
cluded  in  the  crystals  of  the  products. 

To  test  the  validity  of  this,  several  samples  of  sodium  carbon¬ 
ate  previously  ignited  at  300°  C.  were  moistened  with  water,  dried 
at  140°,  and  reweighed.  During  the  process  the  samples  became 
caked  and  gained  an  average  of  0.02%  in  weight.  This  responded 
to  ignition  in  much  the  same  way  as  the  slowly  lost  portion  of  the 
decomposition  product  of  the  bicarbonate. 

Up  to  this  point  identical  results  had  been  obtained  for  each  of 
the  three  samples  studied.  For  the  remainder  of  the  work  one 
sample  only  was  used,  that  supplied  by  a  well-known  firm. 

As  the  amount  of  slowly  lost  weight  is  roughly  independent  of 
the  method  used  for  preparing  the  acid  salt,  one  may  conclude 
that  it  consists  of  moisture  occluded  in  the  crystals  of  the  product. 
Since  it  resists  complete  elimination  at  temperatures  as  high  as 
300  °C.,a  study  was  made  of  effective  ordinary  means  for  eliminat¬ 


ing  most  of  the  occluded  moisture.  It  was  found  that  pulveriza¬ 
tion  of  the  product  was  helpful,  and  that  after  being  thoroughly 
ground  in  an  agate  mortar  the  product  became  substantially 
constant  in  weight  after  1  hour  ignition  at  140°  C.  and  above.  All 
the  moisture  is  not  eliminated  at  these  temperatures,  however, 
since  upon  further  ignition  at  270°  C.  the  pulverized  product  dried 
for  1  hour  at  140°  lost  an  additional  0.02%,  while  that  dried  at 
200°  lost  an  additional  0.01%.  These  later  ignitions  were  all 
carried  out  in  weighing  bottles  with  well-fitted  glass  stoppers 
since  the  desired  precision  could  not  be  obtained  when  an  ordinary 
covered  porcelain  crucible  was  employed. 

The  factor  of  purity  of  the  product  obtained  from  the  first 
sample  mentioned  above  at  each  of  several  transformation  tem¬ 
peratures  was  determined  by  titration  against  standard  hydro¬ 
chloric  acid.  The  results  of  nine  analyses  involving  18  deter¬ 
minations  are  given  in  Table  III.  The  largest  average  deviation 
of  the  series  was  0.02%  and  the  author  believes  that  the  uncer¬ 
tainty  in  anj’  case  is  no  greater  than  this  amount.  These  results 
verify  the  fact  that  transformations  at  temperatures  below  300°  C. 
produce  a  product  containing  less  than  0.1%  of  moisture  and  that 
this  moisture  may  be  partially  eliminated  by  pulverization  of  the 
sample  and  reignition. 


Table  III.  Purity  of  Sodium  Bicarbonate  Transformation  Product 

Sam- 


pie 

Transformation 

Product 

Reheating 

No. 

Temperature 

Time 

Ground 

Temperature 

Na2CO» 

0  C. 

Hours 

0  C. 

% 

1 

180 

2 

No 

99.92 

2 

220 

2 

No 

99.92 

3 

220 

12 

No 

99.95 

4 

270 

1 

No 

99.91 

5 

270 

4 

No 

99.94 

6 

220 

12 

Yes 

220 

99.99 

7 

200 

1 

Yes 

160 

99.95 

8 

200 

1 

Yes 

200 

99.96 

9 

200 

1 

Yes 

270 

99.97 

Table  IV.  Extraction  with  Alcohol 


Conversion  Sodium  Carbonate 


Temperature 

Before  extraction 

After  extraction 

0  C. 

% 

% 

165 

99.93 

99.93 

200 

99.93 

99.94 

DETERMINATION  OF  SODIUM  HYDROXIDE  CONTENT 

These  results  included  nothing  that  would  suggest  the  pres¬ 
ence  of  sodium  hydroxide  in  the  product  transformed  at  tempera¬ 
tures  below  300  °  C.  A  complete  investigation,  made  to  determine 
whether  there  were  significant  traces  of  sodium  hydroxide  in  the 
product  produced  at  the  several  temperatures,  comprised  two 
parts:  analysis  of  the  product  before  and  after  extraction  with 
alcohol,  and  analysis  of  the  alcoholic  extract. 

A  sample  was  placed  in  a  50-ml.  narrow-mouthed  flask,  20 
ml.  of  alcohol  were  added,  and  the  mixture  was  allowed  to  stand 
for  several  hours  with  infrequent  shaking.  The  clear  liquid 
was  carefully  but  rapidly  decanted  into  another  50-ml.  flask,  20 
ml.  of  carbon  dioxide-free  water  were  added,  and  the  liquid  was 
immediately  titrated  with  0.05  N  hydrochloric  acid,  using  phenol- 
phthalein  indicator.  In  case  a  trace  of  sodium  carbonate  was 
carried  over  during  the  first  decantation,  a  second  served  to  en¬ 
sure  a  perfectly  clear  solution. 

Numerous  extractions  were  carried  out  on  the  products  of  de¬ 
composition  at  the  several  temperatures,  on  products  previously 
extracted  with  alcohol  (blanks),  and  on  samples  of  reagent  grade 
sodium  carbonate  obtained  from  five  producers  of  pure  chemicals. 
The  titer  in  each  case  was  small,  and  within  the  limit  of  error  of 
the  titration,  the  same  for  ever}7  sample  extracted  and  independ¬ 
ent  of  the  weight  of  the  sample.  Two  samples  of  sodium  carbon¬ 
ate  transformed  from  sodium  bicarbonate  by  ignition  for  24  hours 
at  200°  and  165°  C.,  respectively,  were  analyzed  before  and  after 
extraction  with  alcohol.  Results  in  Table  IV  demonstrate  that 
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sodium  carbonate  transformed  from  the  acid  salt  at  temperatures 
below  300°  C.  contains  no  measurable  amounts  of  sodium  hydrox¬ 
ide  extractable  with  alcohol. 

Finally,  to  determine  the  purity  of  reagent  grade  sodium  car¬ 
bonate  obtainable  on  the  market,  samples  of  five  leading  brands 
were  dried  in  the  oven  at  140°  for  1  hour  and  analyzed  by  titra¬ 
tion  against  standard  hydrochloric  acid,  with  the  following  re¬ 
sults:  99.99,  99.98,  100.00,  99.99,  and  99.98%.  This  demon¬ 
strates  that  reagent  grade  sodium  carbonate  ordinarily  obtain¬ 
able  is  pure  enough  to  meet  even  the  most  exacting  requirements 
as  a  standard  in  acidimetry. 
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Laboratory  Distillation  at  Atmospheric  Pressure 
of  Normally  Liquid  Hydrocarbons 

H.  J.  HEPP  AND  D.  E.  SMITH,  Phillips  Petroleum  Company,  Research  Department,  Bartlesville,  Okla. 


The  factors  involved  in  the  laboratory  distillation  of  normally  liquid 
hydrocarbons  when  it  is  desired  to  separate  near-boiling  compo¬ 
nents  are  discussed  and  suitable  fractionating  columns  are  described. 
In  a  generally  useful  column  the  fractionating  section  is  packed  with 
single-turn  wire  helices,  the  column  being  insulated  with  an  es¬ 
pecially  designed  electrical  heater  which  makes  it  possible  to  main¬ 
tain  the  fractionating  section  in  an  adiabatic  condition.  This  column 
is  equipped  with  a  special  head  provided  with  electrical  means  for 
automatically  maintaining  the  desired  reflux  ratio.  Columns  of  this 
design  containing  up  to  about  100  equivalent  theoretical  trays  have 
been  found  to  operate  satisfactorily. 

DURING  the  past  decade  much  work  has  been  done  on  the 
design  of  laboratory  fractionating  columns,  particularly 
with  respect  to  the  development  of  efficient  packing  materials. 
Highly  efficient  column  packings  have  been  developed  and  in¬ 
corporated  in  the  fractionating  columns  described  by  Baker  ( 1 ), 
Bruun  (2,  S),  Fenske  (6-9),  Podbielniak  (17),  Selker  (20),  and 
Stedman  (21). 

The  factors  involved  in  the  selection  of  a  column  packing  have 
been  discussed  by  Ward  (24).  In  general,  a  good  packing  should 
present  a  large  area  to  effect  efficient  contacting  of  liquid  and 
vapor,  and  should  have  a  high  percentage  of  free  space,  since 
this  permits  high  vapor  velocities  with  resulting  high  throughput. 
In  addition,  it  should  pack  uniformly  into  the  distilling  tube  to 
minimize  channeling  and  flooding  difficulties.  From  the  latter 
standpoint  symmetrically  shaped  packings  are  to  be  preferred 
over  irregular  shapes. 

In  addition  to  an  efficient  packing,  the  fractionating  section 
must  be  suitably  insulated  against  gain  or  loss  of  heat.  The  loss 
of  heat  to  the  surroundings  results  in  internal  reflux  which  re¬ 
duces  the  capacity  of  the  column  and  may  also  decrease  column 
efficiency  if  the  amount  of  such  reflux  is  large.  The  heat  ca¬ 
pacity  of  the  insulating  jacket  should  be  as  low  as  possible  in 
order  to  decrease  the  time  required  for  the  column  to  come  to 
equilibrium.  Low  heat  capacity  also  tends  to  reduce  flooding 
troubles  sometimes  encountered  when  a  component  having  a 
considerably  higher  boiling  point  begins  to  move  up  the  column. 
Suitable  heat  insulation  may  be  obtained  with  vacuum  jackets 
equipped  with  metal  reflecting  shields,  or  with  suitable  lagging 
and  electrical  heating. 

The  type  of  distilling  head  used  has  much  to  do  with  the 
stable  operation  of  the  column.  The  total  condensation  type  is 
preferred  to  partial  condensation  types  because  of  the  critical 
control  required  by  the  latter.  The  somewhat  increased  ef¬ 
ficiency  which  may  sometimes  be  obtained  with  partial  condensa¬ 
tion  types  is  usually  more  than  offset  by  their  irregular  opera¬ 


tion,  which  tends  to  keep  the  column  from  reaching  equilibrium. 
In  addition,  the  still-head  design  should  embody  means  for  main¬ 
taining  steady  volumes  of  reflux  and  product. 

The  operation  and  degree  of  control  required  of  a  fractionating 
column  naturally  vary  with  the  kind  of  sample  being  analyzed 
and  the  separation  desired.  For  very  close  cutting  it  is  essen¬ 
tial  that  column  operation  be  smooth  and  that  once  the  column 
has  reached  equilibrium  nothing  be  done  to  disturb  this  equi¬ 
librium.  This  involves  close  control  of  the  heat  input  to  the 
kettle,  accurate  control  of  reflux  ratio  and  product  take-off  rate, 
and  maintenance  of  adiabatic  conditions  over  the  fractionating 
zone  of  the  column.  In  addition,  it  is  essential  to  keep  the 
kettle  liquid  actively  boiling.  If  this  is  not  done  the  lighter 
components  may  become  exhausted  from  the  surface  while 
considerable  amounts  still  remain  in  the  lower  parts  of  the  kettle 
liquid,  thus  producing  false  “breaks”. 

The  behavior  of  fractionating  columns  may  be  shown  visually 
by  fractionating  mixtures  of  propane,  butane,  and  diazomethane, 
a  yellow  compound  boiling  at  —23°  C.,  in  glass  columns.  Such 
studies  illustrate  vividly  the  difficulty  with  which  the  last  traces 
of  light  material  are  removed  from  the  kettle,  and  the  time  re¬ 
quired  to  re-establish  equilibrium  after  momentary  upsets  caused 
by  irregular  operation. 

DESCRIPTION  OF  FRACTIONATING  COLUMN 

In  Figure  1  are  shown  details  of  the  construction  of  a  column 
which  has  been  found  to  be  stable  in  operation,  and  to  require 
but  little  attention.  It  is  capable  of  giving  very  good  fractiona¬ 
tion  with  a  wide  variety  of  samples. 

Both  metal  and  glass  columns  have  been  constructed.  The 
type  most  generally  used  is  a  glass  column  with  a  packed  section 
from  60  to  180  cm.  long  with  an  inside  diameter  of  from  1.2 
to  3.1  cm. 

The  packing  material  used  is  generally  1/16-  or  V^-inch  single¬ 
turn  helices  made  of  Nos.  36  and  30  wire,  respectively,  of  the 
type  described  by  Fenske  (8).  This  packing  is  available  in  a 
wide  variety  of  metals  and  alloys.  Usually  rings  made  of  18 
chromium-8  nickel  are  preferred,  since  the  metal  has  good  cor¬ 
rosion  resistance  and  can  be  readily  cleaned  with  strong  acids. 
According  to  Whitmore  et  al.  (25)  the  HETP  of  this  type  of 
packing  varies  with  the  diameter,  height,  and  throughput  or 
boil-up  rate.  For  2.5  cm.  and  smaller  columns  the  HETP  is  in 
the  range  of  1.5  to  3  cm.  The  maximum  throughput  or  boil-up 
rate  for  a  2.0  cm.  inside  diameter  column  packed  with  3/32-inch 
helices  made  of  No.  30  wire  is  in  the  range  of  1200  to  1300  cc. 
per  hour,  which  correspounds  to  a  vapor  velocity  of  about  24.0 
cm.  per  second.  Proper  installation  of  the  packing  is  essential  for 
highest  throughputs.  The  tamping  method  described  by  Fenske 
has  been  found  satisfactory.  If  the  column  is  improperly  packed, 
so  that  there  are  zones  of  close  packing  and  zones  of  loose  pack¬ 
ing,  flooding  is  hkely  to  occur  in  the  column  at  relatively  low 
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throughputs.  Flooding  can  be  avoided  at  the  bottom  of  the 
column  by  supporting  the  packing  either  on  an  inverted  cone.  as 
described  by  Fenske,  or  on  a  graded  bed  of  larger  rings  which 
in  turn  rest  upon  a  screen.  This  screen  should  not  be  perfectly 
horizontal  but  tilted  somewhat.  Flooding  at  the  top  may  be 
prevented  by  expanding  the  distilling  tube  at  this  point  to  in¬ 
crease  the  area. 

The  method  of  insulating  the  fractionating  section  shown  in 
Figure  1  has  proved  very  satisfactory  in  use,  requiring  but  little 
attention  except  when  a  higher  boiling  product  begins  to  move  up 
the  column.  The  column  proper  is  covered  with  about  0.3  cm. 
of  an  insulating  material  such  as  asbestos  sheet  or  rope,  or  glass 
wool.  The  hot  junction  of  a  thermocouple  is  soldered  or  brazed 
to  a  thin  sheet  of  copper  6  to  12  sq.  cm.  in  area  and  is  fastened  to 
the  outside  of  this  insulation.  A  second  layer  of  lagging,  about 
0.6  cm.  thick,  is  then  applied.  The  cold  junction  of  the  thermo¬ 
couple  is  attached  to  this 
layer  of  insulation  in  the  same 
manner  as  the  hot  junction 
and  directly  over  the  hot 
junction.  A  third  layer  of 
insulation  from  1.2  to  1.8 
cm.  thick  is  then  installed, 
and  an  evenly  spaced  heating 
winding  placed  on  this  layer. 

A  fourth  layer  of  insulation 
is  then  placed  over  the  heater 
winding. 

With  this  type  of  insula¬ 
tion  the  heating  current  is 
adjusted  to  null  reading  of 
the  differential  thermocouple 
galvanometer.  At  this  point 
there  is  no  temperature  dif¬ 
ference  across  the  layer  of 
insulation  between  the  two 
junctions  of  the  thermo¬ 
couple,  and  an  adiabatic  con¬ 
dition  has  been  established. 

The  direction  of  swing  of  the 
galvanometer  needle  shows 
whether  the  heating  current 
needs  to  be  increased  or  de¬ 


creased.  By  use  of  a  suitable  controller,  jacket  temperatures 
may  be  maintained  automatically. 

The  placement  of  the  hot  junction  in  the  insulation  rather 
than  next  to  the  distilling  tube  is  preferred,  as  the  control  is  less 
sensitive  and  less  apt  to  be  upset  by  short-term  irregularities  in 
column  operation.  To  some  degree  the  column  temperature  is 
free  to  “float”  with  the  arrangement  described. 

One  differential  couple  is  used  per  heating  section.  The 
number  of  sections  employed  depends  upon  the  length  of  the 
column.  In  practice,  three  heating  sections  of  200  to  300  watts 
have  been  found  satisfactory  for  150-em.  columns. 

Thermocouples  may  be  placed  on  the  column  proper  in  order  to 
measure  its  temperature  if  desired.  Such  readings  show  the 
position  of  the  next  higher-boiling  constituent  in  the  column. 
The  differential  couples  give  a  similar  indication  since  as  the 
higher  boiling  component  rises  in  the  column,  a  greater  heat  input 
is  necessary  for  that  part  of  the  column  to  balance  the  differen¬ 
tial  thermocouple. 

The  distilling  head  is  of  the  total  condensation  type,  and  is  a 
modification  of  the  head  described  by  Carter  and  Johnson  (4). 
The  condenser  is  so  designed  that  either  water  or  dry  ice  may  be 
used  as  coolant.  It  is  convenient  to  use  dry  ice  to  separate 
butane  from  the  sample.  The  condensate  is  collected  and 
caused  to  flow  over  a  twisted  iron  wire  suspended  from  a  hook. 
This  consists  of  2  or  3  strands  of  No.  18  iron  wire  twfisted  to¬ 
gether.  At  intervals  as  determined  by  the  timer  setting,  an 
electromagnet  is  energized,  pulling  the  end  of  the  wire  into  a  small 
cup.  The  condensate  flows  dovm  the  wire  into  the  cup  and 
passes  through  a  small  liquid  seal  and  condenser  into  the  product 
receiver.  When  the  current  ceases  to  flow  through  the  electro¬ 
magnet  the  wire  swings  awmy  from  the  cup  and  the  condensate  is 
returned  to  the  column  as  reflux.  The  reflux  ratio  is  thus  equal 
to  the  ratio  of  the  duration  of  the  two  intervals,  and  is  deter¬ 
mined  by  the  timer  setting.  In  many  instances  it  is  preferable 
to  make  the  interval  of  withdrawal  short  to  prevent  any  disturb¬ 
ance  of  the  column  equilibrium.  At  a  given  reflux  ratio  the  rate 
of  product  withdrawal  is  determined  by  the  heat  input  to  the 
kettle  (boil-up  rate).  ,  , 

The  distilling  temperature  is  measured  by  either  a  thermom¬ 
eter  or  thermocouple  which  is  placed  in  the  full  stream  of  hydro¬ 
carbon  vapors  passing  to  the  condenser.  For  very  accurate  tem¬ 
perature  measurement  in  the  higher  temperature  ranges,  it  is 
desirable  to  use  a  radiation  shield  around  the  thermometer  bulb. 

In  use  the  entire  still  head,  except  the  condenser,  is  insulated. 
For  temperatures  up  to  about  150°  C.  glass  wool  is  satisfactory. 

Spherical  joints  are  used  on  the  kettle  and  head.  These  joints 
reduce  breakage  due  to  strains  caused  by  slight  misalignment, 
and  hold  well  if  the  temperature  is  not  too  high.  For  kettle 
temperatures  much  above  150°  C.  it  has  been  found  preferable  to 
seal  the  kettle  directly  onto  the  column. 
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Figure  3.  Fractionation  of  a  Mixture  of  Piperylene  and  Cyclopentene 


OPERATION 

In  operation  the  column  is 
stable  and  requires  but  little 
attention  from  the  operator. 

In  locations  where  the  volt¬ 
age  varies  over  a  considerable 
range,  operation  is  improved 
by  the  use  of  a  constant- 
voltage  regulator.  The  kettle 
is  usually  of  such  size  that 
it  is  about  2/3  filled  by  the 
sample.  The  sample  size  it¬ 
self  should  be  selected  with 
reference  to  the  working 
column  holdup  and  the  de¬ 
gree  of  separation  required  of 
the  component  present  in  the 
smallest  amount.  The  work¬ 
ing  holdup  has  been  reported 
by  Whitmore  et  al.  (25)  for 
columns  up  to  5  cm.  in  di¬ 
ameter.  The  holdup  varies 
with  both  column  diameter 
and  throughput,  but  may  be 
estimated  for  a  given  column 
from  the  data  given.  A  ma¬ 
nometer  for  measuring  the 
kettle  pressure  is  useful  not 
only  for  indicating  flooding,  but  also  for  estimating  throughput 
and  holdup.  For  a  2.5-cm.  column  packed  with  3/32  rings  the 
working  holdup  varies  regularly  with  throughput  from  about  1.2 
to  about  3.4  cc.  per  theoretical  plate  as  throughput  is  increased 
from  0.1  to  0.6  liter  per  sq.  cm.  per  hour.  Usually  the  column 
is  operated  at  throughputs  of  60  to  90%  of  the  flooding  value. 

The  number  of  equivalent  theoretical  plates  required  to  effect 
a  given  separation  may  be  estimated  by  the  methods  of  Rose  and 
Welshans  (18)  or  Fenske  ( 5 ). 

The  usual  starting  procedure  is  to  weigh  the  sample  into  the 
kettle,  attach  the  kettle  to  the  column,  and  insulate  it  with  glass 
wool.  The  kettle  and  jacket  heaters  are  turned  on  and  the 
column  is  allowed  to  flood  as  recommended  by  Fenske  (6). 
At  this  time  the  kettle  heater  and  jacket  voltages  are  reduced 
to  approximately  the  required  values  as  determined  from  experi¬ 
ence,  and  the  kettle  insulation  is  removed  to  pull  the  liquid 
down  from  the  column.  If  the  liquid  does  not  come  down 
promptly,  the  top  of  the  kettle  may  be  cooled  by  placing  a  wet 
cloth  against  it.  As  soon  as  the  flood  has  been  reduced,  but  be¬ 
fore  the  packing  begins  to  dry  out,  the  kettle  insulation  is  re¬ 
placed  and  the  column  allowed  to  operate  at  total  reflux  until 
it  has  reached  equilibrium.  This  point  may  usually  be  deter¬ 
mined  as  the  point  where  the  overhead  temperature  becomes 
constant.  However,  in  some  cases,  as  where  very  close-boiling 
components  are  being  separated,  it  may  be  desirable  to  withdraw 
a  small  portion  of  the  overhead  product  for  analysis  to  determine 
the  degree  of  separation  being  obtained.  Usually  from  1  to  3 
hours  are  sufficient,  but  in  some  cases  longer  times  are  required. 
During  the  fractionation  the  kettle  is  kept  actively  boiling. 
In  some  cases,  as  when  the  sample  is  substantially  a  pure  hydro¬ 
carbon,  boiling  may  be  irregular  unless  boiling  stones  or  the 
equivalent  are  used. 

Usually,  the  distillation  is  run  throughout  at  a  constant  reflux 
ratio.  However,  on  some  samples,  particularly  when  a  single 
component  is  present  in  large  amount,  the  distillation  time  may 
be  decreased  by  employing  a  lower  ratio  on  the  front  end  of  the 
plateau. 

EXAMPLES 

In  Figures  2  and  3  are  shown  distillation  curves  obtained  on 
columns  of  the  type  described. 

The  column  employed  for  the  analysis  shown  in  Figure  2  had 
an  internal  diameter  of  1.2  cm.  and  a  packed  section  of  150  cm. 


It  was  packed  with  Vis-inch  helices.  The  column  was  equipped 
with  a  1-liter  kettle.  The  sample  volume  was  850  cc.,  780  cc.  of 
which  were  distilled  overhead  at  a  reflux  ratio  of  80  to  1.  Work¬ 
ing  holdup  was  approximately  40  cc.  The  individual  paraffins 
designated  in  Figure  2  are  assigned  merely  on  a  basis  of  boiling 
point  without  confirmatory  identification. 

In  Figure  3  is  shown  the  fractionation  curve  obtained  when  a 
narrow-boiling  mixture  of  piperylene  and  cyclopentene  was  dis¬ 
tilled.  The  column  employed  was  1.4  cm.  in  diameter,  and  con¬ 
tained  188  cm.  of  Vis-inch  helices.  It  was  insulated  by  an  air 
jacket  containing  a  polished  metal  radiation  shield,  the  air 
jacket  being  covered  with  magnesia  steam  pipe  insulation. 
Overhead  temperature  was  measured  with  a  calibrated  5-junc¬ 
tion  thermocouple.  The  average  throughput  was  approximately 
300  cc.  per  hour  and  working  holdup  approximately  55  cc.  It  was 
estimated  that  the  minimum  number  of  equivalent  theoretical 
plates  was  60.  It  was  operated  at  a  reflux  ratio  of  75  to  1,  the 
product  withdrawal  rate  being  4  cc.  per  hour. 

It  will  be  noted  that  fractions  3,  4,  5,  and  6  distilled  on  a  defi¬ 
nite  plateau  at  41.9°  to  42.1°  C.  The  densities  and  refractive 
indices  were  nearly  constant,  but  the  densities  were  a  little  high 
and  the  refractive  indices  a  little  low  for  the  low-boiling  stereo¬ 
isomer  of  piperylene.  Later  work  has  shown  that  about  9% 
of  cyclopentene  was  present  in  these  fractions,  and  that  they 
were  probably  composed  of  a  constant-boiling  mixture  of  cyclo¬ 
pentene  and  low-boiling  piperylene.  Similarly  fractions  10  to 
19,  which  distilled  on  a  plateau  at  43.6°  to  43.9°  C.,  were  prob¬ 
ably  a  constant-boiling  mixture  of  cyclopentene  and  high-boiling 
piperylene,  containing  about  50%  of  each  hydrocarbon. 

SHORT  CUTS 

Frequently,  in  the  analysis  of  liquid  hydrocarbons  it  is  pos¬ 
sible  to  use  special  methods  or  short-cut  procedures  to  reduce 
the  time  necessary  for  analysis,  particularly  where  the  samples 
are  of  a  routine  or  recurrent  nature.  Thus  samples  may  be  dis¬ 
tilled  through  short  columns  at  low  reflux  ratios  using  definite 
procedures  which  have  been  rigidly  standardized  against  known 
mixtures. 

Close-cut  samples  containing  only  two  or  three  components  are 
particularly  adapted  to  short-cut  analysis.  One  such  method 
is  that  described  by  Hachmuth  and  Tooke  (10)  for  the  analysis  of 
commercial  isopentane.  The  method  consists  essentially  of  a 
simple  distillation  under  rigidly  controlled  conditions,  the  results 
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being  interpreted  from  calibration  curves  obtained  with  mix¬ 
tures  of  known  composition. 
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Cell  for  Determination  of  Dielectric  Properties  of  Liquids 

Method  for  Calibration 


L.  J.  BERBERICH,  Insulation  Department,  Westinghouse  Research  Laboratories,,  East  Pittsburgh,  Pa. 


A  SIMPLE  and  reliable  cell  for  measuring  the  dielectric  prop¬ 
erties  of  liquids  consists  principally  of  two  glass  tubes  and 
two  electrodes  in  the  form  of  concentric  nickel  or  Monel  cylinders. 
Its  dimensions  are  not  critical  and,  using  glass,  nickel  or  Monel, 
tungsten,  and  copper,  it  can  be  constructed  by  any  laboratory 
equipped  with  glass-blowing  facilities.  The  cell  has  been  found 
very  satisfactory  for  measuring  the  dielectric  constant,  dissipa¬ 
tion  factor,  and  resistivity  of  liquids.  Since  only  small  quantities 
of  specimens  are  available  in  the  investigation  of  many  synthetic 
liquids,  it  is  significant  that  this  cell  requires  only  10  to  15  cc.  of 
liquid.  Moreover,  it  is  applicable  over  a  wide  frequency  range, 
both  above  and  below  room  temperature,  as  well  as  over  a  wide 
frequency  range  extending  to  500  kc. 

Many  of  the  cells  now  in  use  require  the  use  of  organic  insula¬ 
tion  under  the  liquid  level.  Organic  materials  may  be  either 
slightly  soluble  or  absorb  some  of  the  liquid  being  measured, 
which  usually  causes  contamination  of  subsequent  samples. 
Porosity  of  the  metals  used  in  some  cells  has  caused  similar  diffi¬ 
culties.  Such  cells  are  usually  very  difficult  to  clean  properly. 
Copper  and  brass  have  long  been  known  to  be  undesirable  metals 
for  use  as  electrodes  because  of  their  catalytic  and  other  effects 
on  many  liquids.  Plating  copper  or  brass  with  such  metals  as 
rhodium,  nickel,  chromium,  and  gold  has  not  always  proved 
satisfactory.  Such  platings  rarely  remain  continuous  over  long 
periods  of  time.  Plating  produces  particularly  poor  results  in 
cases  where  the  various  parts  of  the  cell  are  either  screwed  or 
soldered  together. 

A  higher  voltage  power  factor  cell  made  from  solid  nickel  or 
Monel,  which  overcomes  the  objections  cited,  was  described  in 
1936  by  the  writer  (2) .  This  three-terminal  cell  (Leeds  & 
Northrup  Co.,  Philadelphia,  Pa.)  is  rather  expensive,  but  where 
high-voltage  power  factors  of  high  accuracy  are  desired,  has  been 
found  well  worth  its  high  cost.  Another  three-terminal  cell  suit¬ 
able  for  high-precision  measurements  was  described  by  Bals- 
baugh  and  Howell  (7).  This  cell,  whose  electrodes  consist  of 
platinum  cylinders,  is  well  constructed  and  will  be  found  very 
useful  where  facilities  for  handling  three-terminal  cells  are  avail¬ 
able.  Other  cells  of  merit  are  described  in  the  literature. 

Three-terminal  cells  require  the  use  of  rather  specialized 
bridges  equipped  with  a  guard  circuit  in  order  to  hold  the  third 
electrode,  usually  called  the  “guard  electrode”,  at  the  proper 
potential.  The  guard  electrode  performs  two  functions:  it  elimi¬ 
nates  the  effects  of  a  fringing  field  at  the  edges  of  the  measuring 
electrode  and  it  provides  a  means  for  by-passing  any  leakage 


currents  which  may  flow  over  the  solid  insulation  used  to  main¬ 
tain  the  spacing  between  electrodes.  The  calibration  of  a  three- 
terminal  cell,  however,  is  somewhat  simpler  than  for  a  two- 
terminal  cell.  The  added  complications  encountered  in  the  use  of 
a  three-terminal  cell  are  justified  in  the  highest  precision  work, 
especially  at  low  frequencies.  However,  for  measurements  on 
liquid  dielectrics,  the  errors  resulting  from  the  omission  of  the 
guard  electrode  are  negligible,  provided  a  properly  constructed 
and  calibrated  two-terminal  cell  is  used.  A  two-terminal  cell  is 
particularly  useful  for  measurements  Above  the  audio-frequency 
range,  because  the  difficulties  of  having  to  use  a  bridge  equipped 


Figure  1.  Two  Principal  Parts  of  Cell 
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trode.  The  spacing  between  cylinders  is  about 
0.023  inch.  The  capacitance  of  the  empty  cell  is 
about  35  mmf.  The  latter  can  be  increased  some¬ 
what  if  desired  by  increasing  the  length  of  the 
middle  cylinder. 

The  glass  enclosure  as  well  as  the  spacers  be¬ 
tween  cylinders  is  made  of  low-loss  Corning  No. 
707  glass.  Pyrex  is  unsuitable  because  of  its  rela¬ 
tively  high  dielectric  losses,  particularly  at  tempera¬ 
tures  over  50°  C.  The  first  cells  were  made  with 
quartz  spacers  which  were  very  difficult  to  form. 
The  substitution  of  Corning  No.  707  glass  spacers 
has  proved  entirely  satisfactory.  A  list  of  the 
materials  used  for  the  numbered  items  of  Figure  2 
is  given  in  Table  I. 

The  dimensions  of  the  cell  are  a  matter  of  choice. 
As  the  cells  are  now  being  built,  the  over-all  length 
is  8  inches,  the  diameter  of  the  outer  glass  tube  is 
1.5  inches,  and  the  diameter  of  the  inner  glass  tube 
is  1  inch.  .  The  dimensions  of  the  cylinders  used 
are  given  in  Table  I. 

Figure  3  shows  a  number  of  cells  in  a  shielded  air 
oven  which  is  used  for  measurements  at  room  tem¬ 
perature  and  above.  The  ungrounded  leads  pass 
through  the  side  of  the  oven  in  quartz  tubes  and 
then  to  plug  receptacles  mounted  on  the  outside  of 
the  oven.  The  various  cells  can  be  connected  to 
the  bridge  in  turn  through  the  use  of  a  coaxial 
cable.  Measurements  below  room  temperature  are 
made  by  mounting  the  cell  in  a  Dewar  flask  in 
which  a  carbon  dioxide-alcohol  mixture  is  used  as 
the  coolant.  Besides  the  normal  measurements  on 
liquids,  the  cell  has  also  been  used  in  following 
changes  in  electrical  properties  of  reactants  in  a 
vessel  during  the  course  of  the  reaction. 


CALIBRATION  OF  CELL 

The  cell  can  be  used  for  dielectric  constant, 
resistivity,  and  dissipation  factor  measurements. 
For  dielectric  constant  measurements,  the  effec¬ 
tive  air  capacitance  between  cylinders  must  be 
found.  This  can  be  done  conveniently  by  making 


with  a  guard  circuit  operable  at  such  frequencies  are  avoided. 
In  any  case,  bridges  suitable  for  use  with  two-terminal  cells  are 
more  generally  available. 


a  measurement  on  the  empty  cell  and  a  second 
measurement  with  the  cell  filled  with  a  liquid  of  known  dielectric 
constant. 


The  simple  two-terminal  cell  described  in  this  paper  has  proved 
very  satisfactory  for  dielectric  constant  and  power  factor  meas¬ 
urements  on  a  wide  variety  of  liquids.  It  is  particularly  useful  for 
studying  synthetic  liquids  where  in  many  cases  only  small 
amounts  are  available.  Measurements  can  be  made  on  as  little 
as  a  10-cc.  sample.  The  cell  has  been  used  over  the  temperature 
range  of  —60°  to  150°  C.  and  the  frequency  range  from  50  cycles 
to  500  kc.  Dissipation  factor  measurements  were  made  with 
commercially  available  alternating  current  bridges  in  which  the 
voltage  on  the  cell  varied  from  a  fraction  of  a  volt  to  100  volts. 
The  cell  is  connected  to  bridge  by  means  of  a  low-loss  polyethyl¬ 
ene  coaxial  cable.  The  cable  capacitance  can  be  accounted  for  by 
the  use  of  well-known  substitution  methods  in  making  the  meas¬ 
urements.  In  the  case  of  resistivity  measurements,  voltages  as 
high  as  500  volts  have  been  applied  to  the  cell.  Commercially 
available  electronic  resistance  bridges  were  used. 


The  measured  capacitance  of  the  empty  cell  may  be  expressed 
as  follows: 

Cl  =  Ca  +  C0  (1) 

where  C i  is  the  measured  capacitance  of  the  empty  cell,  Ca  is  the 
desired  air  capacitance,  and  C,  includes  the  capacitance  of  the 
glass  spacers  and  the  leads.  The  measured  capacitance  of  the 
cell  filled  with  the  liquid  of  known  dielectric  constant  may  be 
expressed  by: 

Ci  =  e'Ca  +  C,  (2) 

where  C2  is  the  capacitance  of  the  cell  filled  with  the  liquid  of 
known  dielectric  constant,  e'  is  the  known  dielectric  constant  of 
the  liquid,  and  C«  and  C,  are  the  same  as  before.  The  values  of 
C«  and  C,  can  easily  be  determined  from  Equations  1  and  2. 
c.p.  benzene  was  used  as  the  calibrating  liquid  because  of  the 
abundance  of  data  on  its  dielectric  constant  in  the  literature. 


DESCRIPTION  OF  CELL 

Figure  1  shows  a  photograph  of  the  two  principal  parts  of  the 
cell  which  are  assembled  by  means  of  a  ground-glass  joint.  Figure 
2  gives  the  details  of  construction. 

The  electrodes  consist  of  three  concentric  cylinders  machined 
from  solid  nickel  or  Monel  bar  stock.  This  ensures  perfectly  cy¬ 
lindrical  and  rigid  cylinders  which  cannot  be  obtained  by  rolling 
cylinders  from  sheet  material.  The  inner  and  outer  cylinders 
are  connected  by  means  of  a  nickel  ribbon,  which  is  spot-welded 
to  the  cylinders  on  one  end,  and  to  one  of  the  tungsten  rods 
sealed  through  the  glass  at  the  other  end.  The  middle  cylinder, 
which  is  connected  to  the  other  tungsten  rod,  constitutes  one 
electrode  while  the  other  two  cylinders  form  the  second  elec- 


Table  I.  Materials  Used  in  Cell 

Item 

No.“  Material 

1  Corning  707  glass 

2  Corning  707  glass 

3  64/e(  inch  O.D.  x  tl/n  inch  I.D.  X  l*/n  inches  long  nickel  or  Monel 

4 * 1 2 3  4 5 6 7 8 9 10*/s4  inch  O.D.  X  a/t*  inch  I.D.  X  V*  inch  long  nickel  or  Monel 

5  42/«  inch  O.D.  X  **/•*  inch  I.D.  X  P/i*  inches  long  nickel  or  Monel 

6  Corning  707  glass 

7  Corning  707  glass 

8  Tungsten 

9  Nickel 

10  Copper 

°  For  identification  of  items,  refer  to  Figure  2. 
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Figure  3.  Four  Cells  in  an  Air  Oven 


where  tan  5  is  the  dissipation  factor  (approximately  equal  to  the 
power  factor  for  values  of  either  less  than  0.1)  of  the  two  dielec¬ 
trics  in  parallel,  C\  and  tan  5i  are  the  capacitance  and  dissipation 
factor,  respectively,  of  one  of  the  two  dielectrics,  and  C2  and  tan 
S2  are  the  capacitance  and  dissipation  factor  of  the  other  dielec- 
tric.  . 

When  the  empty  cell  is  measured,  the  dielectric  (essentially 
the  glass  spacers)  having  capacitance  C„  is  in  parallel  with  an  air 
dielectric  having  capacitance  Ca.  For  the  case  of  the  empty  cell 
then,  Equation  6  becomes 


tan  5i 


Op  tan  S„  I  Fa  tan  5a 
C0  +  Ca 


(7) 


Since  tan  50  is  zero  because  air  is  assumed  to  have  no  loss,  the 
dissipation  factor  for  the  glass  spacers  becomes 


tan  hg 


(C0  +  C0)  tan  5i 
Co 


(8) 


where  tan  5i  is  the  total  measured  dissipation  factor  of  the  empty 
cell  and  the  other  symbols  are  the  same  as  before. 

The  next  step  is  to  measure  the  cell  filled  with  the  unknown 
liquid,  which  results  in  tan  52.  Since  the  unknown  liquid  is  now  in 
parallel  with  the  glass  spacers,  Equation  6  takes  the  following 
form  for  this  case: 


tan  52 


Cx  tan  5x  “h  Cg  tan 
C,  +  Co 


(9) 


where  Cx  and  tan  5*  are  the  true  capacitance  and  dissipation 
factor,  respectively,  of  the  unknown  liquid.  Solving  Equation  9 
for  tan  ox,  we  have 

(Cx  -F  C o')  tan  52  Co  tan  nrw 

tan  &x  =  — - - ~p -  tiU 


Pure  benzene  has  a  dielectric  constant  of  2.27  at  25°.  C.  In  de¬ 
termining  the  dielectric  constant  of  an  unknown  liquid,  let  Ct  be 
the  measured  capacitance  of  the  cell  containing  the  unknown 
liquid.  The  dielectric  constant  of  this  liquid,  e’z,  is  then  com¬ 
puted  from  the  following  simple  relation: 


where  the  symbols  are  the  same  as  before,  except  that  C0  includes 
not  only  the  capacitance  of  the  glass  spacers  and  leads  of  the  cell 
proper,  but  also  the  capacitance  of  any  other  leads  or  cables 
entering  into  the  measurement. 


In  measuring  resistivity  or  conductivity  it  is  necessary  to  know 
the  ratio  of  the  effective  electrode  area  to  interelectrode  dis¬ 
tance.  This  is  called  the  cell  constant  and  can  be  determined  very 
simply  from  a  measurement  of  the  air  capacitance,  Ca,  of  the  cell. 

It  can  be  shown  by  the  use  of  the  well-known  formula  for  the 
capacitance  of  a  cylindrical  capacitor  (as  well  as  for  any  other 
capacitor  of  simple  shape)  that  the  cell  constant  and  the  air  ca¬ 
pacitance  are  related  through  the  following  simple  expression: 

Cell  constant  =  Co/0. 08854  =  11.29  Ca  (4) 

where  Ca  is  in  micromicrofarads  and  the  cell  constant  in  centi¬ 
meters.  The  resistivity  then  is  expressed  by: 

p  =  11.29  Ca  R  ohm-tai.  (5) 

where  p  is  the  resistivity  in  ohm-cm.  and  R  the  measured  re¬ 
sistance  of  the  liquid  in  the  cell.  The  leakage  through  the  glass, 
which  is  usually  found  to  be  small  compared  with  that  through 
the  liquid,  is  neglected  in  Equation  5. 

In  general,  no  correction  for  the  dissipation  factor  of  the  empty 
cell  is  necessary  for  temperatures  of  100°  C.  and  below  unless 
liquids  of  extremely  low  dissipation  factors  are  to  be  measured. 
The  empty  cell  usually  has  a  dissipation  factor  of  the  order  of 
0.0005  at  100°  C.  and  less  at  lower  temperatures.  This  influences 
the  results  to  a  negligibly  small  extent  in  most  practical  work. 
However,  should  it  be  desirable  to  make  this  correction,  it  can  be 
done  through  the  use  of  the  following  expression  for  the  dissipa¬ 
tion  factor  of  two  dielectrics  in  parallel: 

Ci  tan  5i  +  C2  tan  S2 

tan  5  = - p — ; — p -  to; 


All  the  quantities  on  the  right  side  of  Equation  10  are  known; 
thus  the  true  dissipation  factor  of  the  liquid  can  easily  be  com¬ 
puted.  However,  correction  is  rarely  ever  necessary  in  ordinary 
work. 


CLEANING  THE  CELL 

It  is  very  important  to  clean  the  cell  properly,  for  imperfect 
cleaning  can  lead  to  very  erroneous  results,  especially  as  to  dis¬ 
sipation  factor.  New  cells  and  those  used  with  very  badly  de¬ 
teriorated  oils  or  other  liquids  should  be  given  a  wash  with  25% 
nitric  acid  solution.  Care  must  be  taken  not  to  leave  this  solution 
in  the  cell  long  after  the  first  bubbles  appear;  otherwise  the  elec¬ 
trodes  and  leads  will  become  badly  etched.  This  should  be 
followed  by  several  washes  of  distilled  water,  after  which  the 
cell  should  be  soaked  for  a  few  hours  in  10%  ammonium  hydrox¬ 
ide  solution,  again  followed  by  several  successive  washings  with 
distilled  water. 

Once  the  new  cell  has  been  cleaned  as  suggested,  a  less  drastic 
cleaning  procedure  will  suffice  during  normal  use.  The  follow¬ 
ing  procedure  has  been  found  adequate,  provided  no  badly  con¬ 
taminated  or  deteriorated  liquids  are  placed  in  the  cell. 

1 .  Fill  cell  with  toluene  or  like  solvent  while  hot  and  let  it  6oak 

2.  Remove'  toluene  and  rinse  electrodes  with  fresh  toluene, 
using  a  wash  bottle. 

3.  Repeat  1  and  2  in  order  given. 

4.  Repeat  1  and  2,  using  acetone  instead  of  toluene. 

5.  Place  cell  in  100°  C.  oven  until  all  traces  of  solvent  are  re¬ 
moved. 
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A  New  Cutting-Wi  re  Plastometer 

Application  to  Viscous  and  Plastic  Materials 

LUTHER  L.  LYON1  AND  ROBERT  D.  VOLD,  University  of  Southern  California,  Los  Angeles  7,  Calif. 


The  construction  and  operation  of  a  cutting-wire  plastometer  suitable 
for  use  with  substances  of  high  viscosity  are  described,  and  typical 
results  with  asphalt  and  aqueous  solid  soaps  are  presented.  Methods 
are  given  for  the  evaluation  of  the  data  in  terms  of  yield  values, 
elastic  aftereffect,  and  viscosity. 


MEASUREMENTS  of  the  rheological  properties  of  a  high- 
consistency  material  that  has  a  complex  thixotropic 
structure  can  be  divided  into  two  classes:  dynamic  and  static. 
Dynamic  measurements  are  obtained  by  an  instrument  such  as 
the  rotating  cylinder  viscometer,  which  usually  measures  the 
consistency  of  a  material  after  the  original  structure  of  the 
sample  has  been  partially  or  completely  destroyed  by  the  shear¬ 
ing  process  that  occurs  during  the  test.  Very  few  instruments 
have  been  developed  that  are  capable  of  giving  static  measure¬ 
ments.  This  paper  describes  a  cutting-wire  plastometer  that 
measures  the  rheological  properties  of  the  original,  undisturbed 
material. 

Wire  plastometers  have  been  used  for  rheological  studies  be¬ 
fore  (7,  7,  9),  but  the  instruments  were  not  capable  of  obtaining 
force-flow  data  nor  has  any  attempt  been  made  to  relate  the 
data  so  obtained  to  those  available  from  conventional  instru¬ 
ments.  The  plastometer  here  described  is  so  designed  that  differ- 
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Figure  1.  Side  View  of  Cutting-Wire  Plastometer 


ent  shearing  forces  may  be  applied,  thus  giving  force-flow  data 
from  which  a  consistency  curve  may  be  plotted.  The  yield  value 
of  plastic  solids  and  the  extent  of  any  elastic  aftereffect  can  also 
be  measured  with  this  instrument. 

INSTRUMENT 

The  principle  of  this  plastometer  is  the  measurement,  for  a 
given  driving  force,  of  the  velocity  of  a  wire  moving  perpendicular 
to  its  longitudinal  axis  as  it  cuts  through  the  material.  The 
instrument  itself  is  simple  in  design,  adapting  a  torsion  balance 
to  provide  a  steady  vertical  motion  of  a  wire  as  it  cuts  through  a 
sample. 

The  plastometer  (Figures  1  to  4)  has  an  arrangement  whereby 
the  cutting  wire  is  rigidly  attached  to  one  arm  of  the  balance. 
A  number  of  stainless  steel  wires  were  used,  the  diameters  being 
determined  with  a  micrometer.  The  driving  force  necessary  to 
produce  motion  is  provided  by  adding  weights  to  one  of  the  bal¬ 
ance  pans.  The  wire  then  cuts  a  sample  2.72  cm.  in  width,  con¬ 
tained  in  a  stainless  steel  cutting  box,  B,  which  has  slits  of  0.3 
cm.  (0.125  inch)  wide  cut  into  its  sides,  enabling  the  wire  to  travel 
downward  through  the  sample.  The  vertical  movement  of  the 
cutting  wire  is  observed  by  watching  a  spot  of  light  that  is  re¬ 
flected  from  a  small  mirror,  A,  which  is  attached  by  a  thin  rod 
to  the  fulcrum  point  of  the  balance.  The  magnification  is  such 
that  when  the  spot  of  light  travels  5  cm.  (2  inches)  on  a  wall 
scale,  the  wire  has  cut  0.09  cm.  of  the  sample.  In  this  manner, 
velocities  of  cutting  as  low  as  10 -4  cm.  per  second  may  be  meas¬ 
ured. 

A  two-way  ratchet  is  incorporated  into  the  inverted  U-bar, 
across  which  is  stretched  the  cutting  wire,  so  that  the  wire  can  al¬ 
ways  be  stretched  to  the  same  tension.  The  total  length  of  the 
cutting  wire  is  8  cm.,  and  in  order  that  the  wire  may  have  the 
same  tension  in  all  experiments  a  rod  1.25  cm.  (0.5  inch)  in  di¬ 
ameter  is  placed  in  the  position  usually  occupied  by  the  cutting 
box.  The  wire  is  considered  tight  enough  to  use  if  a  deflection  of 
less  than  one  division  (5  cm.,  2  inches,  on  the  wall  scale)  is  ob¬ 
tained  for  a  load  of  500  grams  when  the  wire  is  pushing  against 
this  rod.  The  cutting  box  can  be  moved  horizontally  on  the 
traveling  table,  C,  enabling  the  wire  to  cut  the  sample  in  any  of 
the  seven  slits.  The  distance  between  neighboring  slits  is  1 .25  cm. 
(0.5  inch).  The  U-bar,  cutting  box,  and  traveling  support  are 
all  inside  a  double-wall  air  oven,  D,  in  which  the  temperature  and 
humidity  are  held  constant.  The  temperature  of  the  oven  is  con¬ 
trolled  by  a  mercury  regulator;  and  the  humidity,  measured  by  a 
simple  wet-dry  bulb  thermometer  arrangement,  is  kept  constant 
by  regulating  the  amount  of  steam  entering  the  oven  from  a 
a  small  steamer.  A  0.02-h.p.  motor  with  a  15-cm.  (6-inch)  fan 
blade  circulates  the  air  in  the  oven.  The  temperature  of  the 
sample  is  measured  to  0.1  °  C.  by  thermometer  E,  pushed  through 
a  small  hole  in  one  end  of  the  cutting  box. 

The  distance  of  each  division  of  the  wall  scale  in  terms  of  the 
movement  of  the  cutting  wire  was  determined  by  the  use  of  a  mi¬ 
crometer,  mounted  on  a  solid  support  in  such  a  manner  that  the 
cutting  wire  rested  on  its  movable  jaw.  Thus  the  cutting  wire 
could  be  moved  a  definite  distance  corresponding  to  a  movement 
of  one  division  on  the  wall  scale. 

EXPERIMENTAL  TECHNIQUE 

Flow  Curves.  To  determine  the  velocity  for  a  given  load, 
the  time  required  for  the  spot  of  light  to  move  across  a  given 
number  of  divisions  is  measured  by  means  of  a  stop  watch.  The 
data  for  a.  flow  curve  are  obtained  by  varying  the  driving  force, 
F,  and  measuring  the  corresponding  velocity,  JJ ,  A  complete 
flow  curve  over  a  wide  range  of  driving  forces  can  be  obtained  in 
15  minutes  by  this  technique. 

Yield  Values.  The  “practical”  yield  value  is  defined  (5)  as 
the  force  at  which  flow  becomes  observable  under  the  usual 
conditions  of  the  test.  With  this  instrument  the  yield  value,  /,  is 
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determined  under  the  following  conditions.  The  wire  is  pushed 
2  to  3  Tnm  into  the  sample,  then  weights  are  added  until  the 
spot  of  light  on  the  wall  scale  begins  to  move,  corresponding  to  a 
velocity  of  the  wire  of  about  10“ 4  cm.  per  second.  The  load  is 
decreased  until  this  motion  stops  and  then  if  a  small  increase  in 
the  load  imparts  a  barely  detectable  motion  to  the  wire,  this 
load  is  taken  as  the  yield  value.  If  the  sample  is  Theologically 
homogeneous  this  value  may  be  reproduced  to  within  3  to  5%. 

Preparation  of  Asphalt  Samples.  Since  most  asphalts 
harden  rapidly  with  time  {11,  13)  it  is  essential  that  studies  of 
such  materials  be  made  at  the  same  age  if  values  are  to  be  com- 


was  put  into  the  constant  temperature-humidity 
oven  and  the  temperature  raised  to  60°  C.  After 
the  soap  had  reached  temperature  equilibrium  for 
0.5  hour,  the  initial  yield  value  was  determined 
and  data  for  a  flow  curve  were  taken.  The  con¬ 
trol  of  humidity  was  sufficiently  good  to  prevent 
the  soap  from  drying  out  at  this  temperature; 
the  water  content  of  a  bar  of  soap  left  in  the  oven 
for  24  hours  at  60°  C.  changed  only  1%  on  the 
surface,  while  the  composition  of  the  soap  in  the 
middle  of  the  bar  changed  only  0.5%  (analysis 
by  drying  to  constant  weight  at  105°  C.). 

CALCULATIONS 

Rheological  properties  are  best  classified  in 
terms  of  plots  of  shearing  stress  against  rate  of 
shear,  typical  examples  of  different  cases  being 
shown  by  Houwink  (4).  Such  curves  permit 
easy  differentiation  of  purely  viscous,  quasi- 
viscous,  purely  plastic,  and  quasi-plastic  flow. 
Unfortunately  it  is  not  possible  to  obtain  ab¬ 
solute  values  of  rate  of  shear  and  shearing  stress 
from  the  present  data.  Even  so,  however,  it  is 
possible  to  use  the  formal  resemblance  of  the  curves  of  U  vs.  F 
(velocity  of  the  wire  vs.  driving  force)  to  those  of  D  vs.  t  (rate 
of  shear  vs.  shearing  stress)  to  derive  a  yield  value,  a  measure  of 
consistency  related  to  the  apparent  viscosity,  and  information 
as  to  whether  the  flow  is  viscous,  plastic,  quasi-plastic,  etc. 

Lamb  ( 6 )  has  derived  a  hydrodynamic  equation  for  the  free 
motion  of  an  infinite  cylinder  in  a  direction  normal  to  its  length 
through  an  infinite  viscous  liquid: 


F  = 


4:  ITT)  U 


0.5  —  y  —  In  Vs  kt 


(1) 


pared.  Normally,  a  determination  on  an  asphalt  is  started  one 
hour  after  pouring.  Preliminary  experiments  showed  that  this 
was  sufficient  to  allow  the  asphalt  to  reach  the  desired  tempera¬ 
ture.  The  procedure  followed  in  preparation  of  asphalt  samples 
was  as  follows : 


where  F  =  driving  force  in  dynes  per  cm.  of  wire 
U  =  velocity  of  wire  in  cm.  per  second 
I  =  coefficient  of  viscosity  in  poises 
7  —  Euler’s  constant  =  0.5772 
r  =  radius  of  wire  in  cm. 

2  Up 


First  the  cutting  box  was  removed  from  the  traveling  table 
and  wrapped  tightly  with  wrapping  paper  to  prevent  the  asphalt 
from  flowing  out  through  the  slits.  The  box  was 
then  placed  in  a  wooden  mold  and  the  space  be¬ 
tween  box  and  mold  filled  with  a  0.94-cm.  (0.375- 
inch)  thickness  of  plaster  of  paris.  After  the 
plaster  of  paris  had  set,  the  cast  enclosing  the  cut¬ 
ting  box  was  removed  from  the  mold  and  put  into 
an  air  oven  at  115°  C.  At  the  same  tune  a 
beaker  containing  the  asphalt  was  placed  in  the 
oven.  After  one  hour,  the  cutting  box  was  re¬ 
moved  from  the  oven,  and  the  asphalt  poured 
into  it.  The  asphalt  was  allowed  to  cool  in  air  for 
15  minutes  and  then  was  put  into  a  25  °  C.  water 
bath;  45  minutes  later  the  cutting  box  was  re¬ 
moved  from  the  bath,  the  plaster  of  paris  cast 
removed,  excess  asphalt  trimmed  from  the  box, 
and  the  cutting  box  clamped  on  the  traveling 
table. 

The  data  for  flow  curves  were  obtained  as 
follows: 

The  wire  was  lowered  until  it  rested  on  the 
surface  of  the  asphalt,  then  weights  were  added 
to  one  of  the  balance  pans  and  the  time  for  each 
scale  division  of  penetration  was  measured  by  a 
stop  watch.  Each  division  corresponds  to  roughly 
0.09  cm.  and  in  general  the  wire  traveled  15  to  20 
divisions  in  each  slit.  The  wire  was  then  removed 
from  the  asphalt,  cleaned  with  a  cloth  soaked  in 
carbon  tetrachloride,  and  moved  to  the  next 
slit.  This  process  was  repeated  using  different 
driving  forces. 

Preparation  of  Soap  Samples.  The  proce¬ 
dure  for  obtaining  a  flow  curve  was  as  follows: 


4  7J 


=  density  of  sample  in  grams  per  cc. 


The  soap  was  trimmed  with  a  knife  until  it 
could  be  forced  into  the  cutting  box.  The  box 


Figure  3.  Cutting-Wire  Plastometer 
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For  purposes  of  calculation  we  propose  to  treat  the  wire  in  this 
plastometer  as  though  it  were  such  a  cylinder. 

For  calculation  by  this  equation  plots  are  first  made  of  the 
velocity,  U,  against  the  driving  force,  F,  from  which  values  of  U 
and  F  may  be  determined  at  any  point.  These  values  are  then 
used  in  Burger’s  approximate  equation  (#). 


4  to]  TJ 
0.5  —  In  r 


(2) 


to  obtain  a  rough  value  of  tj  which  is  used  to  assist  in  the  solution 
of  Equation  1  by  the  method  of  successive  approximations. 


In  applying  these  equations  to  the  present  experimental  results 
it  cannot  be  assumed  that  the  calcula  ted  values  of  the  constants 
will  be  quantitatively  correct.  The  equation  given  by  Lamb 
requires  for  attainment  of  constant  velocity  by  the  wire  either 
that  the  viscous  liquid  be  confined  between  two  parallel  plates  of 
infinite  extension  or  that  inertial  effects  be  important  and  con¬ 
sidered,  neither  of  which  conditions  is  satisfied  in  the  present 
apparatus.  In  addition,  the  area  over  which  the  driving  force 
is  effective  may  not  be  the  same  as  the  total  area  of  the  wire. 
Finally,  and  probably  most  important,  basic  Equation  1  was 
deduced  for  a  purely  viscous  medium  in  which  the  fluid  “closes 
in”  completely  around  the  falling  cylinder,  whereas  with  many 
materials  cutting  occurs  without  the  material  flowing  together 
again  behind  the  wire,  even  though  plastic  flow  occurs  immedi¬ 
ately  below  the  wire. 

Despite  these  reservations  it  seems  worth  while  to  calculate 
results  according  to  Equation  1,  since  the  values  of  rj  so  obtained 
afford  a  convenient  means  of  comparing  the  relative  consistency 
of  the  various  samples.  It  is  also  of  interest  to  compare  these 
values  with  absolute  values  of  t)  obtained  by  other  methods  and 
reported  in  the  literature,  as  an  indication  of  what  degree  of 
practical  success  may  be  achieved  by  the  admittedly  illegitimate 
use  of  this  equation. 

For  a  purely  viscous  material  the  rate  of  shear,  D,  by  definition 

is 


Figure  4.  Detail  View  of  Interior  of  Cutting-Wire 
Plastometer 


to  those  of  a  D  —  r  plot  with  respect  to  classification  of  the 
rheological  behavior  of  materials.  Thus  it  may  be  assumed  that 
for  a  truly  viscous  system  the  U-F  diagram  will  be  very  nearly 
a  straight  line  through  the  origin. 

.  For  plastic  substances  the  U-F  curve  will  no  longer  be  so 
simple.  In  such  cases  the  U-F  relationship  i3  often  represented 
satisfactorily  by  the  Bingham  equation, 

U  =-v(F  -fB)  (6) 

where  fp  is  the  extrapolated  Bingham  yield  value.  In  this  case 
viscosities  may  be  calculated  as  before  except  that  (F  —  fB)  is 
used  instead  of  F  in  Equations  1  and  2. 


The  shearing  stress,  t,  which  by  definition  is  the  force  per  unit 
area,  may  be  obtained  from  the  present  data  by  the  equation 


(4) 


if  it  is  assumed  that  the  force  is  applied  uniformly  over  the  whole 
area  of  the  wire,  while,  from  Equation  1, 


r  (0.5  -  7  -  In  V*  <r)  w 

It  is  evident  from  Equation  1  that  U  is  directly  proportional  to 
F  except  for  its  appearance  in  the  logarithmic  term  in  the  de¬ 
nominator.  Moreover,  r  is  directly  proportional  to  F  and  D  to 
U  except  for  the  term  In  V*  *r  (in  the  denominator).  Since  in 
practice  the  value  of  In  */*  k r  changes  only  slightly  even  with 
large  changes  in  L ,  a  plot  of  U  against  F  will  show  features  similar 


Table  I.  Data  on  Asphalt  Samples3 


Characteristics 

Softening  point,  0  C. 

Penetration  at  0°  C. 

Penetration  at  25°  C. 

Density,  grams  per  cc. 

Rotary  viscometer  data,  25°  C. 

Rate  of  shear  of  0.00981  sec.-1,  viscos¬ 
ity,  megapoises 

Rate  of  shear  of  0.0981  sec.-1,  viscosity, 
megapoises 

Cutting-wire  plastometer  data  on  original 
samples*1 

Viscosity,  megapoises  (apparent) 


Sample  A 

Sample  B 

Sample  C 

43 

44 

46 

30 

26 

16 

122 

92 

76 

1.013 

1.013 

1.017 

0.44 

0.87 

1.48 

0.42 

•• 

1.50 

4.16 

7.56 

15.0 

°  All  rotary  viscometer  data  and  characteristics  except  density  furnished 
through  courtesy  of  the  Texas  Company. 

6  Wire  radius  0.015  cm.  except  0.036  cm.  for  sample  C. 


RESULTS  WITH  ASPHALT 

This  material  was  chosen  to  test  the  possibilities  of  the  instru¬ 
ment,  since  it  is  a  high-viscosity  substance  which  has  already 
been  extensively  studied.  (The  authors  wish  to  thank  R.  N. 
Traxler  and  W.  E.  Kuhn  of  the  Texas  Company  for  furnishing 
asphalt  samples  of  known  consistency.)  Characterizing  data  on 
the  asphalt  samples,  together  with  the  various  values  obtained 
for  the  “viscosity”,  are  presented  in  Table  I. 

The  many  curves  determined  on  the  original  asphalt  samples 
were  similar  and  only  the  one  representative  flow  curve  is  shown  in 
Figure  5.  This  curve  shows  that  the  asphalt  exhibits  viscous 
behavior  in  that  under  the  rates  of  shear  investigated  the  ve¬ 
locity  is  directly  proportional  to  the  force  at  all  values  and  falls  to 
zero  at  zero  load.  These  samples  have  a  high  degree  of  elasticity 
since,  as  shown  by  the  points  under  the  curve,  the  velocity  of  the 
wire  decreased  progressively  under  constant  load  with  increasing 
penetration  of  the  asphalt,  this  effect  being  greater  the  higher  the 
velocity.  Apparently  part  of  the  external  driving  force  is  used  to 
overcome  the  elastic  resistance  of  the  stretched  asphalt  behind 
the  wire.  That  such  elastic  elements  are  actually  present  was 
proved  by  the  observation  that  on  release  of  the  load  after  pene¬ 
tration  of  the  asphalt  the  wire  moved  upward  through  the 
sample  almost  to  its  original  position.  Similar  observations  were 
made  by  Ford  and  Arabian  (3)  on  a  blown  asphalt  using  a  coni- 
cylindrical  viscometer. 

A  value  for  the  apparent  viscosity  was  calculated  from  these 
data  by  Equation  1,  using  values  of  U  and  F  from  the  straight 
fine  drawn  through  the  points  representing  initial  penetration  of 
the  asphalt,  this  being  selected  to  minimize  the  effect  of  elasticity. 
The  values  so  obtained  (Table  I)  are>ali  higher  by  about  a  factor 


588 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol,  17,  No.  9 


Figure  5.  Flow  Curve  on  Fresh  Asphalt 

Points  below  the  line  show  progressive  decrease  in  velocity  with 
increasing  penetration  of  sample  due  to  its  elastic  properties. 

Velocity,  cm.  per  second  X  10J 

of  10  than  those  obtained  with  the  rotary  viscometer.  This 
might  be  due  to  failure  of  the  system  to  conform  with  the  require¬ 
ments  of  the  equation  used  to  calculate  the  results.  However, 
it  has  been  shown  [12)  that  the  consistency  of  asphalt  changes  with 
time,  owing  to  its  colloidal  structure.  The  values  by  the  rotary 
viscometer  method  in  Table  I  are  for  a  steady  state  where  an 
equilibrium  has  been  reached  between  any  tendency  toward 
spontaneous  formation  of  structure  within  the  asphalt  and  the 
disaggregating  effect  due  to  the  constant  shearing  action  of  the 
instrument.  It  would  be  expected  that  such  a  value  of  v  would  be 
lower  than  that  measured  by  the  cutting-wire  plastometer,  since 
in  the  latter  case  there  is  probably  little  breakdown  of  structure, 
the  wire  continually  passing  through  a  new  portion  of  the  sample. 

Elastic  After  Effect.  The  applicability  of  the  cutting-wire 
plastometer  to  study  of  the  elasticity  of  asphalt  was  investigated 
following  the  method  of  Pendleton  [10).  The  elastic  aftereffect 
was  studied  quantitatively  at  two  different  loads  with  the  results 
shown  in  Figures  6  and  7,  data  for  one  of  these  runs  being  given 
in  Table  II.  The  initial  period,  AB,  is  the  time  required  for 
penetration  under  constant  driving  force.  At  B  the  driving  force 
is  removed  and  the  wire  moves  back  toward  its  original  position, 
the  elastic  recovery  of  the  asphalt  being  measured  by  BC. 

To  obtain  the  amount  of  viscous  flow  from  these  data  the  re¬ 
covery  curve  was  inverted  and  subtracted  from  the  initial  defor¬ 
mation  curve,  this  being  done  by  subtracting  from  the  observed 
deformation  (curve  AB)  the  amount  due  to  elastic  stretch.  The 
elastic  deformation  was  obtained  from  the  recovery  curve,  BC, 
by  plotting  observed  recovery  as  a  positive  deformation  starting 
with  zero  time  at  the  moment  recovery  begins.  Subtraction  of 


Table  II.  Elastic  Aftereffect  of  Asphalt 

(Sample  C,  wire  radius  =  0.036  cm.) 


F,  grams  per  cm. 
of  wire 

47  grams 

Recovery,  0.0  gram 

Divisions  cut  0-2 
5- 

2-3  3-4  4-5 
-6  6-11 

11-10  10-9  9-8  8- 

5-4  4-3  3-2 

-7  7-6 

6-5 

Total  time,  20  33  49  69  94 

seconds  295 

302  315  334  356 

496  623  806 

389  432 

Data  for  Inverted  Curve  B'C' 

Divisions  cut 
Inverted  division® 
Time  from  point  B 

11-10  10-9 

0-1  0-2 

7.5  21 

9-8  8-7  7-6  6-5 

0-3  0-4  0-5  0-6 

39  61  94  137 

5-4 

0-7 

201 

4-3 

0-8 

328 

Data  for  Curve  AB-B'C' 

Divisions 

Time,  seconds 

0.5  1.0  1.6  2.1  2.7  3.2 

50  100  150  200  250  295 

*  A  terms  used  to  describe  amount  of  recovery  assuming  point  B  as  0. 


the  inverted  recovery  curve,  B'C' ,  from  the  original  deformation 
curve  gives  the  displacement  resulting  from  purely  viscous  flow, 
AB-B'C. 

Curves  obtained  in  this  manner  for  viscous  flow  are  entirely 
similar  to  those  obtained  by  Pendleton  [10)  using  a  Pochettino 
[H)  moving  cylinder  method.  With  both  the  cutting-wire 
plastometer  and  the  telescoping  coaxial  cylinders,  the  deformation 
due  to  elastic  stretch  was  found  to  be  far  greater  than  that  due  to 
viscous  flow.  Contrariwise,  in  experiments  on  the  same  asphalt 
by  a  penetrometer  method  [10)  elastic  deformation  amounts  to 
less  than  1%  of  the  total.  These  differences  are  due  to  no 
fault  of  the  different  plastometers,  but  rather  are  typical  of  the 
difficulties  inherent  in  measuring  rheological  properties  of  com¬ 
plicated  systems  which  are  sensitive  to  previous  heat  treatment. 

Aged  Samples.  The  same  samples  of  asphalt  were  tested 
again  after  standing  8  months  at  room  temperature,  and  it  was 
found  that  in  all  cases  the  elasticity  had  disappeared.  Flow 
curves  characteristic  of  typically  viscous  materials  were  obtained — 
i.e.,  straight  lines  passing  through  the  origin — with  no  elastic 
recovery  and  no  variations  greater  than  0.3  to  0.4  second  in  the 
time  required  for  the  wire  to  cut  through  successive  equal  depths 
in  the  sample.  This  behavior  is  clearly  shown  by  the  typical 
data  in  Table  III. 


Table  III.  Reproducibility  of  Flow  Data  on  Aged  Samples 


(Asphalt  sample  A,  wire  radius  0.015  cm.) 

Load,  Grams  per  Cm. 


7.35 

11.02 

14.70 

18.40 

22.05 

25.55 

Divisions 

Time,  Seconds  per  Division 

0-1 

18.3 

12.6 

9.3 

7.4 

6.5 

5.9 

1-2 

18.6 

12.4 

9.3 

7.5 

6.7 

6.0 

2-3 

18.8 

12.4 

9.5 

7.3 

6.7 

6.0 

3-4 

18.6 

12.6 

9.5 

7.4 

6.7 

6.1 

4-5 

18.8 

12.4 

9.5 

7.5 

6.7 

6.0 

5-6 

18.0 

12.4 

9.6 

7.3 

6.7 

6.0 

These  data  constitute  the  most  favorable  case  for  application 
of  Equation  1,  since  the  asphalt  here  appears  to  undergo  true 
viscous  flow.  Flow  curves  were  obtained  on  sample  A  asphalt 
using  several  wires  of  different  diameter  to  determine  whether 
the  calculated  viscosity  is  constant  as  it  should  be  if  the  equation 
holds.  The  data  are  summarized  in  Table  IY,  which  also  shows 
the  values  of  the  calculated  viscosities. 

Since  the  apparent  value  of  v  increases  roughly  linearly  with 
the  radius  of  the  cutting  wire  it  is  evident  that  the  equation  does 
not  hold  exactly.  However,  the  values  obtained  with  the  differ¬ 
ent  wires  are  all  of  the  same  order  of  magnitude.  The  increase 
with  increasing  wire  size  may  be  due  to  (a)  failure  of  the  system 


-B 

- -  c” 

#/ AB-BC 

C 

100  200  300  400 


TIME  IN  SECONDS 

Figure  6.  Elastic  Aftereffect  at  a  47-Gram  Load 

AS  is  total  deformation,  BC  elastic  recovery,  B'C'  inverted  recovery  curve,  and 
AB-  B'C'  deformation  due  to  viscous  flow 


September,  1945 
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Table  IV.  Flow  Data  on  Asphalt  Sample  A  with  Wires  of  Different 

Radii 


Radius,  Cm. 


Load,  Grams 
per  Cm. 

5.51 

0.0150 

0.0206 

Velocity, 

3.58 

0.0255 

Cm.  per  Second 

0.0360 

X  10** 

3.06 

0.0497 

7.35 

4  38 

3.88 

11.02 

7.01 

6.6 

6.05 

5.70 

4.97 

14.70 

9.28 

7.98 

7.50 

18.40 

11.9 

i6.  i 

8.68 

8.35 

22.05 

13.1 

9.75 

25.55 

14.6 

14.9 

13.2 

13.5 

11.0 

33.10 

17.2 

Viscosity, 

megapoises 

3.22 

3.26 

3.63 

3.74 

4.18 

to  conform  to  the  model  postulated  in  the  derivation  of  the 
equation,  ( b )  departure  from  purely  viscous  flow  in  the  immedi¬ 
ate  vicinity  of  the  wire,  (c)  adherence  of  a  thin  layer  of  asphalt 
to  the  wire,  thus  effectively  increasing  the  radius,  or  ( d )  longer 
periods  of  heating  at  115°  C.  in  the  later  than  the  earlier  runs. 
Since  the  same  asphalt  was  used  in  all  these  determinations,  it 
had  been  heated  one  hour  longer  at  115°  in  each  successive  run, 
the  runs  with  the  larger  diameter  wires  being  made  last.  How¬ 
ever,  it  is  generally  assumed  that  heating  at  115°  or  lower,  unless 
long  continued,  does  not  cause  any  fundamental  change  in  the 
colloidal  nature  of  asphalt. 

It  is  of  interest  to  compare  the  different  values  of  apparent 
viscosity  obtained  for  asphalt  in  the  various  experiments.  With 
i  0.015-cm.  radius  wire  the  approximate  value  for  a  fresh  sample 
if  asphalt  A  is  4.16  X  10s  poises,  while  aged  sample  A  is  only 
1.22  X  10®  poises.  The  direction  of  the  difference  is  as  would  be 
ixpected  from  the  loss  of  elasticity  on  aging.  Fresh  samples  of 
isphalt  C,  using  a  wire  of  0.036-cm.  radius,  have  an  apparent 
riscosity  of  1.50  X  107  poises  as  calculated  from  initial  flow 
;urves  (as  in  Figure  5).  With  this  same  sample  the  value  for 
riscous  flow  from  which  the  effect  due  to  elastic  deformation  has 
seen  subtracted  (as  in  Figures  6  and  7)  is  1.28  X  108  poises. 

RESULTS  WITH  SOAP 

Soap  was  chosen  for  investigation  as  a  representative  of  sub¬ 
stances  exhibiting  plastic  flow.  The  aerated  converter  soap  used 
n  these  experiments  was  purchased  from  a  local  market,  while 
be  framed  soap  was  supplied  through  the  courtesy  of  the  Lever 
Brothers  Company.  Neither  contained  any  potash.  The 
iharacteristics  of  these  soaps  (15)  are  given  in  Table  V. 

Since  these  substances  have  yield  values,  there  is  no  flow  of 
-he  soap  in  behind  the  wire  as  it  travels  downward  through  the 


Figure  7.  Elastic  Aftereffect  at  a  156-Gram  Load 


AB  is  total  deformation,  BC  elastic  recovery,  B'C'  inverted  recovery 
curve,  and  AB-B'C'  deformation  due  to  viscous  flow 


sample,  and  hence  the  limiting  conditions  of  Equation  1  are  uol 
fulfilled.  However,  the  wire  does  not  pass  through  the  cake  by  a 
crumbling  or  cleaving  effect,  close  observation  at  the  edge  of  the 
sample  showing  conclusively  that  the  soap  was  flowing  around 
the  bottom  of  the  wire. 

It  soon  became  apparent  with  framed  soap  Q  at  room  tempera¬ 
ture  that  the  velocity  of  flow  for  a  given  load  was  not  constant 
As  a  result  of  numerous  experiments  it  was  shown  that  the  ve¬ 
locity  of  flow  depended  in  a  rather  complicated  manner  on  the 
depth  of  penetration  of  the  sample,  passing  through  several 
successive  maxima  and  minima  as  the  depth  of  penetration  in¬ 
creased.  These  maxima  and  minima  occurred  at  roughly  the  same 
depth  of  penetration  of  the  bar  in  all  of  several  different  cross- 
sectional  cuts  through  the  same  bar. 

Three  possible  explanations  for  this  behavior  are : 

1.  A  “layer  structure”  in  the  soap,  due  to  orientation  of  flow 
or  other  causes,  which  gives  rise  to  alternately  hard  and  soft 
portions  within  the  sample. 

2.  Elasticity  of  the  soap,  similar  to  that  observed  with  as¬ 
phalt.  As  the  wire  travels  downward  at  constant  load  the  ve¬ 
locity  would  decrease  because  of  increasing  elastic  stretch  until 
the  elastic  limit  was  reached,  at  which  point  the  velocity  would 
rise  rapidly  and  then  decrease  again. 

3.  Abnormal  flow  about  the  wire,  the  soap  piling  up  in  front 
of  the  wire  and  decreasing  the  velocity  until  it  sloughs  off,  fol¬ 
lowed  by  repetition  of  the  process. 


Table  V.  Characteristics  of  Soaps  Used 

Equiva¬ 
lent  Iodine 

Weight  Value  of  Free  Free 
of  Fatty  Fatty  Acid  as  Base  ae 

%  H20  %  Cl  Acids  Acids  %  HC1  %  NasO 

Framed  soap  Q  33.5  1.89  263.1  43.1  0.13  ... 

Converter  soap  C  21.2  0.92  260.8  40.9  ....  0.02 


Similarly,  in  the  case  of  the  converter  soaps,  the  velocity  of 
flow  for  a  given  load  is  not  constant  at  temperatures  lower  than 
50°  C.  Consequently  flow  curves  on  these  samples  were  run  at 
60°  C.,  at  which  temperature  there  is  some  soap  boilers’  neat  soap 
present  with  the  more  solid  phases,  judging  from  the  visual  ap¬ 
pearance  of  the  samples.  Determination  of  the  yield  value  of 
such  samples  with  this  plastometer  has  been  discussed  elsewhere 
(15). 

The  flow  curves  obtained  on  converter  soap  C  with  two  differ¬ 
ent  wires  are  shown  in  Figure  8  and  typical  data  are  given  in 
Table  VI.  Except  at  the  highest  velocities,  where  the  time  in¬ 
terval  being  measured  was  too  short,  constant  speed  was  obtained 
for  successive  increments  of  distance  cut  through  the  bar.  At 
low  velocities,  AB,  the  velocity  is  not  directly  proportional  to  the 
load.  At  higher  velocities  the  flow  curve  shows  a  linear  relation 
between  velocity  and  load.  This  is  the  behavior  typical  of  a 
quasi-plastic  (4)  material. 


Table  VI.  Flow  Data  for  Aerated  Converter  Soap  C  at  60°  0 


r  =  0.0206  Cm.  r  =  0.0150  Cm. 


Velocity 

Load 

Velocity 

Load 

Cm. /sec.  X  10~2 

G./ cm. 

Cm./ sec.  X  10  -s 

G./cm 

0.69 

16.53 

3.70 

16.55 

1.58 

18.40 

6.58 

18.40 

4.94 

22.05 

9.50 

20.23 

6.13 

23.90 

16.50 

22.20 

12.80 

26.75 

21.60 

23.90 

20.70 

28.20 

23.70 

23.90 

21.50 

28.20 

Yield  Value 

Yield  Value 

(/) 

14.70 

(/) 

11.04 

(/a) 

22.10 

C/a) 

17.60 
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Although  the 
flow  conditions 
here  do  not  con¬ 
form  to  those  be¬ 
hind  the  basi’c 
equation,  it  is  pos¬ 
sible  to  carry  out 
formally  a  calcula¬ 
tion  of  the  absolute 
viscosity  of  the  soap 
by  means  of  Equa¬ 
tions  1  and  2,  using 
F  —}b  instead  of  F. 

Assuming  the  den¬ 
sity  to  be  0.8  and 
taking  values  of  F 
and  U  from  the 
linear  portions  of 
the  curves  of  Fig¬ 
ure  8,  the  apparent 
viscosity  of  con¬ 
verter  soap  C  is 
4.95  X  104  poises 
with  a  wire  of  0.0150-cm.  radius.  With  a  0.0206-cm.  wire  r,  also 
calculates  to  be  4.95  X  104  poises.  Despite  this  agreement  the 
significance  of  the  figures  is  questionable,  since  the  complex  nature 
of  the  flow  has  not  been  taken  fully  into  account  in  any  of  the  equa¬ 
tions.  Interestingly,  McBam  and  Watts  (8)  using  an  extrusion 
plastometer  found  values  between  2.9  X  106  and  2.7  X  104  poises, 
depending  on  the  driving  force,  for  the  apparent  viscosity  at  room 
temperature  of  a  partly  crystallized  aqueous  system  containing 
63%  potassium  laurate. 

SUMMARY 

The  construction  and  operation  of  a  new  cutting-wire  plas¬ 
tometer  are  described,  suitable  for  use  with  substances  of  high 
viscosity  which  must  be  maintained  at  constant  relative  hu¬ 
midity  as  well  as  at  constant  temperature.  Yield  values,  rate 


Figure  8.  Flow  Curves  on  Aerated 
Soap  at  60°  C. 

f  nnd  fs  are,  respectively,  initial  and  Bingham 
yield  values 


of  flow  at  diSerent  velocities,  and  extent  of  elastic  recovery  can 
be  studied  with  this  instrument,  thus  permitting  construction  of 
curves  which  depict  the  complete  rheological  behavior  of  the  ma¬ 
terial  being  studied. 

Experiments  were  carried  out  on  asphalt  and  soap.  The  par¬ 
ticular  asphalt  samples  studied  were  found  to  be  truly  viscous 
substances  after  aging,  but  initially  showed  a  high  degree  of 
elastic  recovery.  The  calculated  value  of  apparent  viscosity 
was  around  3.5  X  106  poises.  The  soaps  studied  exhibited  the 
behavior  of  a  quasi-plastic  material,  with  an  apparent  viscosity 
of  about  5  X  104  poises. 
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Backward-Feed  Distillation  Column 

W.  M.  LANGDON,  University  of  Illinois,  Urbana,  III. 


A  BACKWARD-FEED  or  stripping  column,  in  contrast  to 
the  usual  batch-distillation  column,  has  the  feed  introduced 
at  the  top.  The  higher  boiling  fractions  are  removed  as  product 
at  the  bottom.  While  the  same  result  can  be  obtained  whether 
backward-feed  or  the  usual  forward-feed  batch  distillation  is 
used,  the  apparatus  described  here  has  several  advantages  in  op¬ 
eration  over  the  customary  methods.  Control  of  the  distillation 
rate  is  effected  by  adjustment  of  a  stopcock.  The  method  of 
vaporization  employed  does  not  require  close  control  of  heat  in¬ 
put  and  has  practically  no  fire  hazard.  It  is  better  suited  for 
heat-sensitive  liquids  and  liquids  which  bump  or  froth,  but  can¬ 
not  be  used  for  liquids  containing  an  appreciable  amount  of 
solids  or  nonvolatile  liquids. 

This  type  of  column  has  received  little  attention  because  of 
the  difficulty  in  constructing  a  vaporizer  for  the  liquid  leaving 
the  bottom  of  the  column  which  automatically  vaporizes  any 
liquid  entering  with  very  low  holdup.  Bosschart  (f)  has  de¬ 
scribed  a  backward-feed  column  for  analyzing  low-boiling  liquids. 
Vaporization  of  the  liquid  stream  was  obtained  by  means  of  the 
usual  still  flask.  Its  main  disadvantage,  besides  large  liquid 
holdup,  was  that  it  required  adjustment  of  the  heat  input. 
Fenske  et  al.  ( 2 )  have  constructed  an  all-metal,  backward-feed 
column  with  a  film-type  vaporizer  having  automatic  operation 


and  low  holdup.  However,  this  column  is  unsuitable  for  general 
laboratory  use  where  glass  construction  is  required. 

It  was  found  that  a  packed  or  indented  glass  tube  could  be 
used  for  a  vaporizer  if  it  was  immersed  in  a  heated  liquid  bath. 
Where  heat  is  supplied  directly  to  the  vaporizer,  it  will  eventually 
crack  from  thermal  shock  set  up  by  sudden  variations  in  the  dis¬ 
tillation  rate. 


DESCRIPTION  OF  APPARATUS 


Figure  1  illustrates  a  simple  arrangement  for  backward-feed 
[istiflation.  The  feed  is  contained  in  reservoir  A  and  may  be 
agitated  by  boiling  through  heat  supplied  by  element  B.  Ihe 
eed  rate  to  the  top  of  the  column  is  adjusted  by  stopcock  L). 
rhe  liquid  stream  passes  down  the  fractionating  section  and  en- 
,ers  the  vaporizer,  where  part  of  it  is  withdrawn  at  F  as  product. 
Ihe  remaining  liquid  enters  the  vaporizer  where  it  is  totally 
raporized.  The  vapors  pass  up  the  column,  through  the  elec- 
rically  heated  by-pass  line,  C,  and  the  condensate  returns  to  th< 

6  TThe  vaporizer,  G,  consists  of  a  25-mm.  tube  filled  with  30  cm 
if  0.3-cm.  (Vs-inch)  glass  helices,  and  provided  with  a  shorl 
ihermocouple  well,  E,  and  section  F  for  removal  of  liquid  product 
The  liquid  bath  of  mineral  oil  is  contained  in  the  60-mm.  tube,  n 
The  bath  is  heated  either  by  an  external  heating  element  wounc 
Erectly  on  tube  H  or  by  an  internal  element  wound  directly  oi 
imporizer  G.  The  external  element  is  held  in  place  by  Alundun 
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cement.  The  internal  element  is  wound  in  a  double  pitch  spiral 
and  the  coils  are  spaced  by  small  knobs  on  tube  G.  The  ends  of 
the  element  are  fastened  to  glass  binding  posts  located  below  the 
oil  level  to  prevent  fire  hazard  and  cracking  of  the  oil  at  surface. 

A  more  flexible  arrangement,  illustrated  in  Figure  2,  allows 
ordinary  flasks  of  the  desired  size  to  be  used  for  the  feed  reservoir. 
It  also  allows  the  feed  to  be  introduced  at  the  bottom  so  that  it 
can  be  operated  as  a  forward-feed  column.  For  the  latter  case, 
one  arrangement  is  illustrated  where  sufficient  air  pressure  is  sup- 
lied  at  G  to  reservoir  H  to  compensate  for  the  pressure  at  the 
ase  of  the  column.  The  construction  of  sections  A  and  B  and 
the  method  of  attaching  the  flasks  have  been  described  in  a  pre¬ 
vious  paper  (S). 

The  operation  of  this  arrangement  is  the  same  as  that  of  Figure 
1.  The  vapors,  however,  leave  from  the  bottom  of  the  vaporizer 
through  line  F,  thus  avoiding  the  appreciable  superheating  which 
occurs  at  the  stagnant  bottom  end  of  the  vaporizer  in  Figure  1. 
A  short  section  of  packing  is  provided  at  D,  if  desired,  to  ensure 
that  the  correct  boiling  point  is  measured.  At  slow  distillation 
rates  the  vapors  may  be  superheated  several  degrees.  The 
vaporizer  tube  is  constructed  of  a  30-mm.  tube  with  an  indented 


Table  I.  Fractionation  of  an  Equivolume  Mixture  of  m-Xylene, 
Toluene,  and  Benzene 


% 

Temperature, 

% 

Temperature. 

Distilled 

°  C. 

Distilled 

°  C. 

0-25 

138 

59 

105 

26 

136 

60 

100 

28 

132 

63 

96 

30 

126 

64 

92 

33 

118 

66 

88 

35 

116 

68 

85 

36 

117 

70 

84 

38 

117 

72 

84 

41-55 

113-111 

75 

82 

55 

110 

77-81 

81 

57 

109 

section  30  cm.  long.  Heating  is  supplied  by  an  external  heating 
element  wrapped  around  the  tube  holding  the  oil  bath.  The  in¬ 
dentions  are  made  by  means  of  a  graphite  rod,  1  cm.  square, 
ground  to  give  the  form  illustrated.  Tube  E  leaving  the  bottom 
of  the  vaporizer  may  be  used  to  remove  non¬ 
volatile  liquid  residues  from  the  column. 


The  above  apparatus  has  been  used  over 
the  past  year  for  batch  distilling,  at  atmos¬ 
pheric  pressure,  a  variety  of  liquids  boiling 
up  to  150°  C.  The  results  are  the  same  as  with 
forward-feed  operations  except  that  the  heavy 
ends  are  removed  first. 

As  an  illustration  a  distillation  of  an  equi¬ 
volume  mixture  of  m-xylene,  toluene,  and  ben¬ 
zene  is  given  in  Table  I.  A  charge  of  900  cc. 
was  fractionated  in  a  perforated  plate  column 
(15  plates,  plate  efficiency  70%,  holdup  2.5  cc. 
per  plate).  The  column  was  run  at  total  re¬ 
flux  using  the  arrangement  shown  in  Figure  1 
with  a  20-cc.  holdup  receiver  (4)  inserted 
between  the  fractionating  section  and  the 
vaporizer. 

vaporizer:operation  and  construction 

The  tests  with  the  vaporizers  were  run  with 
benzene  using  a  mineral  oil  bath  heated  to 
200  °  C.  The  heat  was  supplied  by  the  external 
heating  element.  The  25-mm.  tube,  G,  Figure 

1,  packed  with  0.3-cm.  ('/s-inch)  glass  helices 
was  found  to  have  a  vaporizing  capacity  of  3.5 
liters  per  hour,  which  is  considerably  higher 
than  the  flooding  point  for  a  fractionating  sec¬ 
tion  of  the  same  size  and  packing.  Coarser 
packing  materials,  such  as  0.25-inch  berl  sad¬ 
dles  and  6-mesh  Carborundum,  had  a  ca¬ 
pacity  of  less  than  1  liter  per  hour.  The  in¬ 
dented  vaporizer  (Figure  2)  was  found  to  have 
a  capacity  of  2.5  liters  per  hour.  This  in¬ 
dented  vaporizer  could  not  be  run  without  a 
bottom  take-off  line,  owing  to  its  flooding  char¬ 
acteristics.  The  packed  tube  (Figure  1)  was 
also  tested  with  a  bottom  take-off  line  similar 
to  that  of  the  indented  vaporizer.  Using*  l/ g-inch 
helices  as  packing  its  capacity  was  1.5  liters 
per  hour. 

The  heating  method  illustrated  here  has 
one  minor  disadvantage.  In  case  the  distil¬ 
lation  stops  and  the  column  is  unattended, 
there  is  danger  that  the  heating  bath  may 
undergo  decomposition.  This  may  be  avoided 
by  using  a  stable,  high-boiling  liquid  for  the 
heating  bath.  This  liquid  is  contained  in  a 
jacket  sealed  to  the  vaporizer  and  vented  at 
the  top  through  an  external  condenser.  Any 
excess  heat  is  removed  by  the  liquid  reflux¬ 
ing  in  the  condenser. 

Advantages.  The  distillation  rate  is  ad¬ 
justed  rapidly  and  closely  by  means  of  a  stop¬ 
cock.  Exact  control  can  be  obtained  by 
using  a  calibrated  orifice  in  series  with  the 
feed  reservoir. 
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There  is  no  loss  of  liquid  if  the  column  floods  when  unattended. 

There  is  less  fire  hazard  than  with  the  usual  type  of  column. 
In  case  of  breakage  there  is  little  liquid  in  the  vaporizer  and 
column  proper  and  the  distillation  can  be  stopped  immediately. 
The  jacket  bath  can  be  enclosed  and  insulated,  so  that  inflam¬ 
mable  liquids  will  not  be  ignited. 

Thermal  decomposition  of  heat-sensitive  materials  can  be  de¬ 
creased  by  keeping  the  feed  liquid  cold.  The  removal  of  the 
heavy  ends  first  should  also  decrease  thermal  decomposition. 

There  is  no  tendency  for  liquids  to  bump  or  froth  with  the 
type  of  vaporization  employed. 

Where  there  is  lack  of  head  space,  several  columns  can  be  oper¬ 


ated  in  series,  using  a  vaporizer  as  an  automatic  pump  for  taking 
liquid  from  the  bottom  of  one  column  to  the  top  of  the  next. 

Disadvantages.  Large  amounts  of  solids  or  nonvolatile  vis¬ 
cous  liquids  will  plug  up  the  vaporizer. 

The  vaporizer  has  more  liquid  holdup  than  the  condenser  used 
in  the  reverse  type  of  operation. 
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A  Constant-Volume  Pump  for  Circulating  Gases 

I.  E.  PUDDINGTON 

Division  of  Chemistry,  National  Research  Council,  Ottawa,  Canada 


AN  APPARATUS  that  has  been  devised  to  circulate  gases 
in  a  system  where  it  is  necessary  to  keep  the  volume  con¬ 
stant  consists  of  two  Toepler  pumps  of  about  100-cc.  volume, 
connected  as  shown  in  the  figure,  so  that  the  exhaust  from  one 
becomes  the  intake  of  the  other. 


The  assembly  moves  freely  in  a  vertical  plane  about  e,  the 
amount  and  timing  of  this  movement  being  controlled  by  a  cam, 
g.  Free  movement  about  e  is  accomplished,  with  all-glass  con¬ 
struction,  by  means  of  two  helices,  attached  as  shown. 

The  operation  of  the  pump  is  simple.  As  bulb  b  is  raised  by 
the  cam,  the  mercury  contained  in  it  flows  by  gravity  into  a,  and 
completely  fills  it.  This  forces  any  gas  in  a  through  c,  and  at  the 
same  time  allows  b  to  fill  with  gas  through  d.  As  b  is  lowered,  the 
mercury  in  a  flows  into  b  and  forces  the  gas  in  b  through  tube  / 
into  a.  The  cam  is  shaped  to  maintain  b  in  the  raised  and  low¬ 
ered  position  for  an  equal  period  of  time,  and  its  speed  is  ad¬ 
justed  to  give  just  sufficient  time  for  the  mercury  to  flow  from 
one  bulb  to  the  other  when  b  is  in  the  raised  or  lowered  position. 
With  each  rotation  of  the  cam  100  cc.  of  gas  are  forced  through 
the  pump.  In  practice,  /  was  made  of  2-mm.  capillary  to  cut 
down  the  dead  space  and  to  give  added  strength  where  the  pump 
is  supported  by  the  cam. 


tion  of  the  cam  and  consequently  the  pumping  speed  may  be 
considerably  increased  at  low  pressures.  The  absence  of  me¬ 
chanical  valves  allows  this  pump  to  operate  at  pressures  as  low 
as  0.001  mm.  and  no  adjustment  is  necessary  as  the  pressure  within 
the  system  changes.  This  device  operates  satisfactorily  against 
the  backing  pressures  normally  found  in  systems  where  circula¬ 
tion  is  required.  By  increasing  the  length  of  the  arms  on  bulb  b 
and  increasing  the  amplitude  of  its  motion,  the  backing  pressure 
can  be  substantially  increased  without  stopping  circulation. 


Since  the  time  required  for  the  mercury  to  flow  from  one  bulb 
to  the  other  is  less  at  low  than  at  high  pressures,  the  rate  of  rota¬ 


The  glass  helices  were  made  by  winding  about  1.5  meters  of 
6-mm.  Pyrex  tubing,  at  one  turn  per  2  cm.,  about  a  piece  of  5- 
cm.  (2-inch)  iron  pipe,  covered  with  a  layer  of  wet  asbestos  paper. 
This  may  be  done  conveniently  by  supporting  the  pipe  in  two 
ring  clamps  and  turning  it  slowly,  while  the  glass  tubing  is  heated 
with  a  Bunsen  burner,  equipped  with  a  wing  top.  For  this 
model,  each  helix  was  about  15  cm.  long,  although  it  seems 
probable  that  half  this  length  would  give  sufficient  flexibility  for 
the  motion  of  the  pump.  No  sign  of  failure  was  found  after  one 
month’s  continuous  operation.  In  assembling  the  apparatus 
it  is  necessary  to  have  the  bottoms  of  the  helices  in  line  with  or 
slightly  below  the  center  of  rotation,  e.  This  procedure  elimi¬ 
nates  much  of  the  strain  on  the  helices  when  the  pump  is  in  opera¬ 
tion. 

The  cam  used  in  this  case  was  made  of  laminated  Bakelite. 

A  strip  of  wood  placed  under  tube  / 
spread  the  load  sufficiently  to  keep  the 
glass  from  cracking.  A  600  to  1  re¬ 
ducing  gear,  coupled  directly  to  the 
'  shaft  of  a  1725-r.p.m.  motor,  gave 
about  the  correct  speed  for  the  cam. 
This  gave  a  pumping  speed  of  about 
300  cc.  per  minute. 
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The  high  density  of  mercury  prob¬ 
ably  limits  the  size  of  the  bulbs  that 
can  be  used  in  this  pump.  However, 
there  seems  no  reason  why,  with  a 
suitable  supporting  mechanism,  they 
could  not  be  of  the  order  of  several 
hundred  cubic  centimeters,  should  in¬ 
creased  capacity  be  desired. 
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MICROSCOPE  GONIOMETRY 

J.  D.  H.  DONNAY  and  W.  A.  O’BRIEN 
Hercules  Experiment  Station,  Hercules  Powder  Company,  Wilmington,  Del. 


Crystal  identification  by  microscopical  examination  has  been  ham¬ 
pered  by  the  difficulty  of  correlating  published  goniometric  data  with 
the  angular  measurements  made  on  the  various  views  of  the  crystal, 
as  seen  in  the  microscope.  Known  graphical  methods  of  crystal 
drawing  and  properties  of  the  stereographic  projection  are  here  ap¬ 
plied  quantitatively  to  interpret  microscopical  views  in  terms  of  pub¬ 
lished  data.  Conversely,  the  axial  elements  of  a  crystalline  substance 
can  be  derived  from  microscopical  measurements  of  angles  between 
edges  or  projected  edges. 

THE  usefulness  of  the  microscope  in  the  study  of  crystalline 
compounds  has  long  been  recognized  (10).  Optical  properties, 
such  as  refractive  indices  (11,  14),  optic  axial  angle,  and  dis¬ 
persion  of  the  optic  axes  (3),  and  morphological  properties,  such 
as  crystal  system,  crystal  habit,  and  outline  angles  (6,  13),  have 
been  employed  in  characterizing  new  compounds  and  identifying 
unknowns.  In  the  present  paper  the  authors  propose  to  describe 
methods,  here  grouped  Under  the  name  “microscope  goniometry”, 
which  enhance  the  value  of  the  morphological  studies  that  can  be 
made  with  the  microscope.  The  principles  underlying  these  meth¬ 
ods  are  not  new,  but  their  application  to  microscopical  observa¬ 
tions  has  not,  to  the  authors’  knowledge,  been  discussed  in  the 
literature. 

Morphological  observations  by  means  of  the  microscope  are 
made  either  on  dry  crystals,  selected  from  the  sample  as  received 
provided  they  are  sufficiently  well  formed,  or  on  crystals  in  con¬ 
tact  with  the  mother  liquor,  after  recrystallization  on  a  glass 
slide.  In  either  event,  the  immediate  objective  of  the  examina¬ 
tion  is  the  determination  of  the  following  properties :  crystal  sys¬ 
tem,  Miller  indices  of  the  faces,  and  apparent  interedge  angles 
seen  on  different  “views” — -that  is  to  say,  on  crystals  lying  on  vari¬ 
ous  faces.  With  these  data,  the  compound  may  be  recognized 
again,  as  long  as  it  is  recrystallized  in  the  same  manner  and  con¬ 
tains  approximately  the  same  impurities  as  when  the  observa¬ 
tions  were  made,  so  that  it  exhibits  the  same  habit. 

In  practice,  however,  such  observations  often  prove  inadequate 
for  the  identification  of  an  unknown.  The  chief  reason  is  that 
published  descriptions  of  microscopical  crystal  views,  needed  for 
comparison,  are  scanty  and  scattered  in  the  literature.  The  mi- 
croscopist  must  rely  on  other  morphological  data,  universally  used 
in  crystallographic  publications — namely,  interfacial  angles,  co¬ 
ordinate  angles,  or  axial  elements.  The  interfacial  angles,  which 
are  available  for  some  12,000  crystalline  compounds  (7),  have 
been  measured  by  means  of  the  one-circle  goniometer.  They  can¬ 
not,  in  general,  be  measured  with  the  microscope.  [Methods  have 
been  proposed  in  the  past  for  measuring  actual  interfacial  angles 
by  means  of  the  microscope.  They  have  not  received  wide  accept¬ 
ance.  When  a  zone  axis  can  be  placed  perpendicularly  to  the 
stage  of  the  microscope,  the  interfacial  angle  is  measured  directly 
(Mallard’s  method).  The  inclination  of  a  face  to  the  vertical  may 
be  obtained  by  means  of  a  calibrated  focusing  screw  and  an  eye¬ 
piece  micrometer  (5).]  The  same  holds  true  for  coordinate  an¬ 
gles  of  faces  (azimuth  <t>  and  polar  distance  p),  which  have  been 
obtained  on  the  two-circle  goniometer.  Condensed  tables  of  crys¬ 
tal  constants  list  only  the  axial  elements  (axial  ratios  and  inter- 
axial  angles),  calculated  from  the  measured  angles.  For  the 
purpose  of  identification,  axial  ratios  or  interfacial  angles  must  be 
translated  in  terms  of  interedge  angles  as  seen  on  the  microscopi¬ 
cal  views. 

The  angle  between  two  edges  that  are  parallel  to  the  plane  of 
the  microscope  stage  is  seen  in  true  value.  In  general,  the  true 


interedge  angle  cannot  be  measured  on  the  rotating  stage  when¬ 
ever  one  of  the  edges,  or  both,  are  oblique  to  the  plane  of  the 
stage.  The  projection  of  the  true  angle  onto  the  stage  is  called 
the  apparent  angle.  This  is  the  angle  actually  measured. 

When  the  goal  of  the  examination  is  the  characterization  of  a 
new  compound,  it  is  desirable  to  know,  in  addition  to  the  appar¬ 
ent  interedge  angles  actually  observed,  the  approximate  axial 
elements  or  the  Barker  determinative  angles  (3)  of  the  crystal. 
These  constants  are  not,  in  general,  readily  apparent  from  the 
microscopical  observations. 

Two  problems,  therefore,  need  to  be  considered:  (1)  Given  the 
morphological  constants  of  a  crystal  (axial  elements,  interfacial 
angles,  or  coordinate  angles),  to  determine  the  apparent  angle 
between  any  two  edges  that  will  be  seen  when  the  crystal  lies  on 
any  face.  (2)  Given  the  apparent  interedge  angles  measured 
from  microscopical  views  (one,  two,  three,  or  five  independent 
angles,  depending  on  the  crystal  system),  to  determine  the  mor¬ 
phological  constants  (axial  elements  or  interfacial  angle  between 
any  two  faces).  These  problems  will  be  solved  by  graphical 
methods. 

The  proposed  methods  are  intended  for  use  by  chemical  micros- 
copists.  For  the  benefit  of  those  who  may  not  be  familiar  with 
crystal  projections  and  terminology,  a  short  section  on  definitions 
is  included.  The  reader  is  referred  to  standard  texts  on  crystal¬ 
lography  for  a  fuller  discussion. 

DEFINITIONS 

A  zone  is  the  assemblage  of  all  the  faces  parallel  to  a  common 
direction,  called  the  zone  axis.  Faces  in  a  zone  are  said  to  be  tau- 
tozonal.  Tautozonal  faces,  produced  if  necessary,  intersect  along 
parallel  edges;  the  direction  of  these  edges  is  that  of  the  zone 
axis.  A  face  parallel  to  a  given  face  is  called  its  counterface. 

There  are  two  methods  of  representing  the  directions  of  crystal 
faces  on  a  sphere,  drawn  around  any  point  inside  the  crystal  with 
an  arbitrary  radius.  The  first  method,  which  may  be  called  the 
direct  method  of  spherical  representation,  is  as  follows: 

Through  the  center  of  the  sphere  passes  a  plane  parallel  to  every 
face  (or  to  every  pair  of  parallel  faces).  This  face  plane  intersects 
the  sphere  along  a  great  circle,  called  the  face  circle.  The  face 
planes  of  tautozonal  faces  intersect  in  a  diameter,  which  there¬ 
fore  punctures  the  sphere  in  a  pair  of  diametrally  opposite  points. 
The  latter  are  called  the  zone  points;  they  give  the  direction  of 
the  zone  axis. 

The  second  method,  which  may  be  called  the  polar  method  (or 
reciprocal  method),  is  as  follows: 

From  the  center  of  the  sphere  drop  a  perpendicular  on  every’ 
face.  This  face  normal  punctures  the  sphere  in  a  point,  called  the 
face  pole.  The  face  normals  of  tautozonal  faces  lie  in  a  diametral 
plane,  which  therefore  intersects  the  sphere  along  a  great  circle. 
The  latter  is  called  a  zone  circle.  The  zone  axis  is  given  by  a  line 
passed  through  the  center  perpendicularly  to  the  plane  of  the  zone 
circle;  such  a  line  punctures  the  sphere  in  two  diametrally  op¬ 
posite  points,  called  the  poles  of  the  zone  circle. 

In  order  to  project  the  spherical  representation  of  the  crystal 
onto  a  plane,  use  is  made  of  the  stereographic  projection,  which 
dates  back  to  Ptolemy. 

The  South  Pole  of  the  sphere  is  taken  as  the  projection  point 
and  the  plane  of  the  equator  as  the  projection  plane.  (Geographi¬ 
cal  parlance  is  chosen  for  convenience.)  In  this  system  of  pro¬ 
jection,  circles  on  the  sphere  are  projected  as  circles  (or  straight 
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lines),  a  property  whose  first  complete  proof  probably  is  that 
given  by  Clavius  in  1593.  The  projection,  moreover,  is  angle- 
true,  as  was  shown  by  Halley  in  1695.  It  is  easily  seen  that  all  the 
points  in  the  Northern  Hemisphere  are  projected  inside  the  equa¬ 
tor  (primitive  circle)  and  that  points  on  the  equator  are  them¬ 
selves  their  own  stereographic  projections.  Points  in  the  South¬ 
ern  Hemisphere,  with  the  above  convention,  would  be  projected 
outside  the  primitive  circle.  In  order  to  make  their  projections 
fall  within  the  primitive  circle,  such  points  are  projected  to  the 
North  Pole  instead  of  the  South  Pole.  They  are  represented  by 
circlets  in  stereographic  projection,  whereas  the  projections  of 
points  in  the  Northern  Hemisphere  or  on  the  equator  are  marked 
by  points  (or  by  crosses). 

In  the  established  though  imfelicitous  crystallographic  usage, 
the  term  stereographic  projection  is  construed  to  mean  the  stereo- 
graphic  projection  of  the  face  poles  (polar  method),  while  the 
stereographic  projection  of  the  face  circles  (direct  method)  is  called 
eyclographic  projection.  In  the  following,  these  terms  are  used 
in  the  crystallographic  sense. 

The  dihedral  angle  between  two  faces  is  given  by  its  supplement 
(called  the  interfacial  angle) .  The  plane  angle  between  two  edges, 


Figure  1.  Stereographic  Net 


the  interedge  angle,  is  likewise  given  by  its  supplement  (called  the 
interzonal  angle).  In  stereographic  projection  an  interfacial 
angle  appears  as  the  arc  of  great  circle  between  two  face  poles,  an 
interzonal  angle  as  the  angle  between  two  zone  circles.  In  cyclo¬ 
graphic  projection  an  interzonal  angle  appears  as  the  arc  of  great 
circle  between  two  zone  points,  an  interfacial  angle  as  the  angle 
between  two  face  circles.  The  projection  of  an  interedge  angle 
on  any  plane  is,  of  course,  the  supplement  of  the  projection  of  the 
interzonal  angle  on  the  same  plane. 

The  rotating  stereographic  net  (so-called  Wulff  net)  is  used  for 
graphic  constructions  (I).  It  consists  (Figure  1)  of  a  circle,  usu¬ 
ally  of  10-cm.  radius,  on  which  two  families  of  circles  have  been 
projected:  great  circles,  2°  apart,  intersecting  in  a  diameter  of 
the  equator,  and  small  circles,  likewise  2  °  apart,  perpendicular  to 
the  same  diameter.  The  net  is  pasted  on  heavy  cardboard  and 
a  thumbtack  is  pushed  through  its  center  from  the  back.  [Such 
nets,  prepared  by  M.  A.  Peacock,  may  be  purchased  from  the 
University  of  Toronto  Press,  Toronto,  Ontario,  Canada  (50  cents 
a  dozen) .]  All  constructions  are  made  on  a  sheet  of  tracing  paper 
which  is  rotated  around  the  thumbtack.  The  center  of  the  sheet 
is  reinforced  by  means  of  Scotch  tape. 

Plotting  the  stereographic  projection  of  a  crystal  from  given 
interfacial  angles  is  carried  out  in  general  as  follows: 

Two  face  poles  are  arbitrarily  located  on  the  primitive  circle, 
at  the  given  angular  distance  apart.  Any  other  face,  whose  inter¬ 
facial  angles  with  the  first  two  faces  are  known,  may  be  located 
at  the  intersection  of  the  loci  of  the  points  which  are  at  the  re¬ 
quired  angular  distances  from  these  two  faces.  The  locus  of  the 
points  which  are  equally  distant  from  any  given  point  on  the  prim¬ 
itive  circle  is  given  by  one  of  the  small  circles  of  the  Wulff  net. 
Every  pair  of  face  poles  thus  located  determines  a  zone  circle,  a 
great  circle  on  the  net,  whose  intersections  with  other  zone  circles 
in  turn  determine  the  poles  of  other  faces,  either  observed  faces 
or  possible  faces.  The  cyclographic  projection  is  constructed 
from  interzonal  angles  in  an  analogous  manner. 

PRINCIPLES  OF  THE  GRAPHICAL  SOLUTIONS 

Problem  I.  Given  the  Crystallographic  Constants  of  a  Crystal 
{Axial  Elements  or  Angles),  to  Find  the  Apparent  Angle  between 
Two  Edges  Seen  on  Any  Microscopical  Crystal  View. 

The  solution  of  this  problem  is  based  on  known  methods  of 
crystal  drawing  (I,  5,  12).  The  first  step  is  to  plot  the  stereo¬ 
graphic  projection  of  the  crystal  by  means  of  the  Wulff  net.  Let 
us  first  assume  that  there  is  a  face  pole,  c,  in  the  center  of  the  pro¬ 
jection  and  that  the  costal  lies  on  the  counterface  of  c  (Figure  2). 
How  can  we  find  the  direction  of  the  edge,  [ ab ] ,  between  two  given 
faces  a  and  b,  as  it  will  be  seen  on  such  a  view — that  is  to  say, 
projected  onto  the  plane  of  c,  which  is  the  plane  of  the  micro¬ 
scope  stage?  Edge  [ab],  by  definition,  is  parallel  to  the  axis  of 


Figure  2.  Edge  between  Two  Faces  Pro¬ 
jected  on  the  Plane  of  the  Stereographic 
Projection 


Figure  3.  Apparent  Angle  between  Two 
Edges  Projected  on  the  Plane  of  the  Stereo¬ 
graphic  Projection 
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Figure  5.  Crystal 
to  Be  Identified 


zone  ab.  Pass  the  zone  circle  AabB, 
intersecting  the  primitive  circle  along 
the  diameter  AB.  The  pole,  p,  of  the 
zone  circle  is  located  on  the  diameter, 

Dc,  perpendicular  to  AB,  at  a  stereo¬ 
graphic  distance,  Dp,  of  90°.  Call  0 
the  center  of  the  sphere.  The  zone 
axis,  Op,  is  projected  in  cp.  Hence  the 
direction  of  the  projected  edge  [a&]  is 
perpendicular  to  the  diameter,  AB, 
determined  by  the  zone  circle  ab. 

Retaining  the  assumption  that  the 
crystal  lies  on  the  counterface  of  c, 
whose  pole  is  the  center  of  the  stereo¬ 
graphic  projection,  it  is  easy  to  deter¬ 
mine  the  apparent  angle  between  two 
edges,  in  this  particular  case.  Con¬ 
sider  (Figure  3)  the  stereographic  pro¬ 
jection  of  four  faces,  a,  b,  c,  d,  of  the 
crystal.  The  edges,  [ab]  and  [ad], 

between  the  pairs  of  faces  a,  b  and  a,  d,  respectively,  are 
oblique  to  the  plane  of  c.  The  true  interzonal  angle,  supplemen¬ 
tary  to  the  angle  between  these  two  edges,  is  the  angle,  bad,  seen 
on  the  stereographic  projection.  The  apparent  interzonal  angle, 
or  the  supplement  of  the  angle  between  the  two  edges  projected 
onto  c,_is  given  by  the  angle,  BcD,  between  the  diameters  AB  and 
A  'D,  since  the  angle  between  the  projected  edges  is  given  by  the 
perpendiculars  to  these  diameters.  Note  that  the  desired  angle  is 
given  by  the  arc,  BD,  which  the  zone  circles  ab  and  ad  intercept 
on  the  primitive  circle.  Also  note  that  the  primitive  circle  is  the 
cyclographic  projection  of  the  face  c. 

Removing  our  previous  assumption,  we  can  now  consider  the 
general  case  in  which  the  crystal  is  lying  on  a  plane  different 
from  the  plane  of  the  stereographic  projection.  Let  x  (Figure  4) 
be  the  stereographic  projection  of  the  face  on  the  counterface  of 
which  the  crystal  is  lying.  The  great  circle,  XBDX,  whose  pole 
is  x,  is  the  cyclographic  projection  of  the  face  x.  The  apparent 
interzonal  angle  of  the  edges  [aZ>]  and  [ad]  (projected  onto  x) 
is  measured  by  the  arc,  BD,  intercepted  by  the  sides  of  the  angle 
bad  on  the  cyclographic  projection  of  x.  On  Figure  4  this  arc  is 
projected  stereographically,  but  its  value  can  be  read  off  in  de¬ 
grees  by  means  of  the  Wulff  net.  (By  a  known  theorem,  the  true 
value  of  BD  is  also  given  by  the  arc  B'D' ,  where  B'  and  D'  are 
the  intersections  of  the  straight  lines  xB  and  xD  with  the  primi¬ 
tive  circle.)  If  it  is  desired  to  draw  a  view  of  the  crystal  ortho- 
graphically  projected  on  the  x  plane,  which  is  the  view  that  will 
be  seen  under  the  microscope,  it  is  known  that  the  direction  of  the 
edge  [ab],  in  such  a  projection,  will  be  given  by  the  perpendicular 
to  the  radius  oB’.  The  point  B'  can  also  be  located  at  the  point 
where  the  primitive  circle  is  intersected  by  the  small  circle  BB' , 
the  locus  of  all  the  points  whose  spherical  distance  from  X  is  equal 
to  XB. 


Problem  II.  Given  the  Values  of  Interzonal  Angles,  or  Apparent 
Interzonal  Angles,  Measured  on  the  Rotating  Stage  of  the  Micro¬ 
scope,  to  Find  the  Axial  Elements. 

If  the  axial  elements  are  to  be  calculated  by  spherical  trigo¬ 
nometry,  it  is  sufficient  to  sketch  an  approximate  stereographic 
projection  of  the  crystal,  merely  to  show  the  general  distribution 
of  faces  and  zones.  For  graphical  solutions,  however,  it  is  imper¬ 
ative  to  plot  the  stereographic  projection,  by  means  of  the  Wulff 
net,  as  accurately  as  possible.  This  task  is  peculiarly  awkward 
when  the  data  are  interzonal  angles,  because  the  latter  appear  as 
angles  in  the  spherical  triangles,  in  contradistinction  to  interfa¬ 
cial  angles,  which  appear  as  sides.  It  is  much  easier  to  construct 
a  spherical  triangle  on  the  net  when  its  sides  are  known  than  when 
its  angles  are  known.  For  this  reason,  it  is  advisable  either  to  use 
the  cyclographic  projection  throughout  or  at  least  to  plot  it  as  a 
preliminary  step  and  to  derive  the  stereographic  projection  from 
it.  An  interzonal  angle  (or  its  supplement,  the  interedge  angle) 
can  thus  be  used  without  difficulty,  because  it  becomes  a  side  in  a 
spherical  triangle. 


APPLICATIONS  OF  THE  GRAPHICAL  METHODS 

The  following  examples  illustrate  the  application  of  these  meth¬ 
ods  to  problems  confronting  the  microscopist. 

Example  I.  Confirmation  of  the  Identity  of  a  Compound. 

An  impurity  in  an  organic  sample  consisted  of  prismatic 
crystals.  These  were  suspected  to  be  terpin  hydrate,  and  a  con¬ 


firmation  was  desired.  One  of  the  crystals  was  isolated  (Figure  5) 
and  the  following  angles  were  measured  on  the  rotating  stage: 
Z 1  =  126.5°;  Z2  =  41°;  Z3  =  106°.  Translated  in  terms  of 
interzonal  angles,  the  measurements  become  otmlmt  =*=  53.5  °j 
OiOim\,  projected  on  m\  =  139°;  0S0i04,  projected  on  m\  =  74°. 

The  interference  figure  showed  the  optic  plane  to  be  parallel  to 
the  elongation,  with  the  acute  bisectrix  inclined  about  40  °  to  the 
left,  as  shown. 

The  suspected  compound,  m-terpin  monohydrate,  is  described 
by  Groth  (8),  the  following  data  being  especially  noted  (Figure  6) 

m1:m4  =  (110):  (110)  =  77°  49' 

=■  (011):  (Oil)  =  50°  57' 
oi:mi  =  (111) : (110)  =  52°  49' 


Orthorhombic  bipyramidal,  biaxial  positive,  plane  of  optic  axes 
parallel  to  (010),  acute  bisectrix  =  a  axis. 

From  the  habit  and  optical  properties  it  is  evident  that  if  the 
unknown  crystal  actually  is  terpin  hydrate,  it  consists  of  the  four 
m  faces,  terminated  by  o  faces,  and  elongated  along  the  c  axis. 
The  b  and  q  faces,  illustrated  by  Groth,  are  missing.  The  optical 
properties  are  in  qualitative  accord  with  the  data  for  terpin  hy¬ 
drate,  but  without  a  comparison  of  Groth’s  goniometric  data 
with  the  microscopically  measured  angles,  a  quantitative  check 
is  lacking.  (To  be  sure,  the  refractive  index  a,  also  given  by 
Groth,  could  be  measured  on  the  crystal  to  provide  an  additional 
check  on  the  identity  of  the  compound.) 

The  stereographic  projection  of  terpin  hydrate  (Figure  7)  is 
constructed  with  the  aid  of  the  Wulff  net  from  the  goniometric 
data.  The  positions  of  the  three  pinacoids  are  first  located,  with 
a(100)  at  the  center  of  the  net,  and,  since  the  compound  is  ortho¬ 
rhombic,  with  6(010)  and  c(001)  90°  apart  on  the  primitive 
circle.  Since  the  poles  of  faces  mt  and  rru,  are  77°  49'  apart,  each 
is  placed  at  half  this  value  from  a  on  zone  b'ab.  The  pole  of  o4  will 
lie  on  zone  circle  cm\c',  52°  49'  from  mi,  the  angular  distance 
being  counted  off  along  the 
zone  circle  on  the  Wulff  net. 

Since  the  crystal  system  is 
orthorhombic,  two  independ¬ 
ent  measurements  suffice  to 
locate  all  faces,  and  the  projec¬ 
tion  may  be  completed  with¬ 
out  additional  angular  data, 
the  qi  '.qt  angle  (or  any  other) 
serving  as  a  check  on  the  ac¬ 
curacy  of  the  construction.  It 
remains  to  determine  from  the 
projection  the  angles  to  be  ex¬ 
pected  for  a  crystal,  of  the 
habit  observed,  lying  on  face 
mi. 


Figure 


6.  Crystal  of 
Hydrate 


Terpin 


C  (001) 
52  °  57* 


Figure  7.  Stereographic  Projection  of  Terpin  Hydrate 
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Figure  8.  Determination  of  Microscopically  Measured  Angles 
for  Terpin  Hydrate 


The  method  outlined  in  Problem  I  is  followed.  First  the  cyclo¬ 
graphic  projection,  MNM',  of  face  mi  is  drawn,  90  °  from  the  pole 
of  mi  (Figure  8).  The  interzonal  angle  o4mi?n4  is  immediately  lo¬ 
cated  on  the  projection.  Its  vertex  is  at  mi)  it  is  marked  X 
(Figure  8).  The  arc,  N A,  which  its  sides  miot  and  m2mi  intercept 
on  MNM',  gives  the  measure  of  X  in  stereographic  projection. 
It  will  be  read  off  in  degrees  along  the  great  circle  of  the  Wulff  net 
that  can  be  made  to  coincide  with  MNM'. 

The  second  interzonal  angle,  o,Oimi,  is  likewise  easily  located  on 
the  projection,  where  it  is  marked  n  (Figure  8).  This  angle, 
however,  is  the  true  value  of  O4O1W1 — that  is,  the  supplement  of  the 
angle  that  would  be  measured  if  the  crystal  were  viewed  perpen¬ 
dicularly  to  face  Oi.  What  is  wanted  is  the  projection  of  angle 
OiOimi  on  plane  mi.  As  seen  above  (Problem  I),  the  projected 
angle  is  measured,  in  stereographic  projection,  by  arc  BM'  which 
angle  n  intercepts  on  the  cyclographic  projection,  MNM',  of  face 

mi. 

The  third  interzonal  angle,  o2Oxo4,  presents  a  new  problem.  Its 
true  value  is  marked  v  on  the  projection  (Figure  8).  One  of  its 
sides,  0x02,  does  not  intersect  MNM'  in  the  Northern  Hemisphere. 
However,  if  this  side  be  extended  back,  through  the  pole  of  o2', 
which  is  the  counterface  of  o2,  it  will  intersect  MNM'  at  C.  The 
arc,  BC,  intercepted  on  MNM'  stereographically  measures  the 
projection  on  mi  of  the  supplement  of  the  interzonal  angle 
O2O1O4.  Arc  BC  is  therefore  the  supplement  of  the  desired  pro¬ 
jected  angle. 

The  values  found  from  these  graphical  constructions  are  listed 
below,  together  with  the  observed  values: 

Z1  =  127°  (graphical)  and  126.5°  (observed) 

Z2  =  42°  (graphical)  and  41°  (observed) 

Z3  =  107°  (graphical)  and  106°  (observed) 

The  agreement  between  the  two  sets  of  values  is  satisfactory, 
and  the  identity  of  the  compound  is  thereby  confirmed. 

Although  three  constants  appear  to  have  been  determined,  in 
reality  these  are  interrelated.  The  morphology  of  an  orthorhom¬ 
bic  crystal  can  yield  only  two  independent  constants,  correspond¬ 
ing  to  the  axial  ratios  a:b  and  c:b.  The  agreement  among  three 
angles  does,  however,  serve  to  cheek  that  the  crystal  is  ortho¬ 
rhombic. 

Example  II.  Calculation  of  Axial  Elements.  The  crystallog¬ 
raphy  of  the  lactone  of  hydroxytetrahydroabietic  acid  (If)  was 
studied  microscopically  first,  and  later  checked  by  two-circle 
goniometry. 


Recrystallization  from  alcohol  on  a  microscope  slide  gave  the 
views  shown  in  Figure  9.  These  were  recognized  as  monoclinic, 
Class  2  in  the  Mauguin  notation,  on  morphological  and  optical 
evidence,  and  the  faces  were  assigned  the  following  compatible 
Miller  indices:  c(001),  raffllO),  on(lll),  <o2(lll).  The  following 
angles  were  measured  on  the  rotating  stage:  Z1  =  76.3°,  Z2  = 
68.0°,  Z3  =  116.0°,  Z4  =  162.0°.  Translated  in  terms  of 
interzonal  angles,  the  measurements  become:  ?nicm4  =  103.7°; 
mzmic  -  112.0°;  w3m4  =  64.0°;  m4mic,  projected  on  mt  -  18.0°. 

When  it  is  known  the  crystal  is  monoclinic,  the  stereographic 
projection  may  be  constructed  as  follows  (Figure  10) :  Let  the  c 
face  be  the  plane  of  projection.  Zone  micm%  may  be  drawn,  and 
zone  micmi  is  constructed  so  that  the  interzonal  angle,  wiicm4, 
marked  X  on  the  figure,  is  equal  to  103.7°.  The  pole  of  the  pos¬ 
sible  face  6(010)  lies  on  the  primitive  circle.  The  zone  circle 
bob',  here  a  diameter,  bisects  angle  mxcm2.  The  zone  circle  aca', 
also  a  diameter,  bisects  angle  wiicm4;  the  location  of  zone  circle 
bmiamf)'  is  found  by  a  cyclographic  determination  of  its  pole. 
The  cyclographic  projection  of  c  is  the  primitive  circle.  The  pole 
of  zone  mic  or  edge  [m4c]  is  A;  the  pole  of  zone  mic  or  edge  [mic] 
is  B.  Draw  the  locus  of  the  points  whose  spherical  distance  from 
A  is  equal  to  n  =  68°  and  the  locus  of  the  points  68°  from  B. 
The  intersection,  D,  of  the  two  loci  is  the  cyclographic  projection 
of  the  edge  [mim4].  But  this  is  the  stereographic  projection  of 
the  pole  of  the  zone  circle  wii?ra4,  which  may  now  be  drawn.  The 
zone  circle  m4co  1  is  then  located  on  the  Wulff  net,  by  utilizing 
the  interzonal  angle,  WI3/W4C01,  marked  v  on  the  figure,  which  is  the 
supplement  of  rrqm^i  and  is  equal  to  64  °.  The  pole  m  is  located 
at  the  intersection  of  this  zone  with  zone  m2c,  and  the  stereo- 
graphic  projection  may  readily  be  completed  by  passing  zone 
circles  through  the  appropriate  faces. 

From  the  stereographic  projection,  the  views  observed  with  the 
microscope  can  be  accurately  constructed,  by  known  methods  of 


Figure  9.  Observed  Forms  of  the  Lactone  of  Hydroxy¬ 
tetrahydroabietic  Acid 

Visible  Faces  oblique  to  the  plane  o(  the  sta3e  are  hachured 


Figure  10.  Lactone  of  Hydroxytetrahydroabietic  Acid 
Stereographically  Projected  on  the  c  Face 
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crystal  drawing  ( 1 ,  5,  12),  and  compared  with  the  corresponding 
notebook  sketches. 

The  axial  elements  are  given  (5)  by  the  formulas: 

(3  =  180°  —  ca 
a:b  =  tan  mica 
c:b  =  tan  coi ac 

Angle  mica  is  equal  to  half  the  measured  angle  vi\crri\ — that  is, 
51.85°.  The  other  two  angles,  ca  and  u\ac,  are  read  from  the 
stereographic  projection,  61.0°  and  34.0°,  respectively. 

The  axial  elements  found  graphically  are: 

a:b:c  =  1.27:1:0.67,  /?  =  119.0° 

For  comparison,  the  axial  elements  calculated  from  the  micro¬ 
scopical  data  by  spherical  trigonometry  are: 

a:b:c  =  1.272:1:0.670,0  =  118°  27' 

The  axial  elements  calculated  from  two-circle  optical  goniom- 
etry  data  are: 

a:b:c  =  1.2875:1:0.6635,  0  =  117°  17' 

The  accuracy  of  the  results  obtained  by  microscope  goniometry 
may  thus  be  estimated.  It  is  of  the  order  of  1%  (0.5%  in  favor¬ 
able  cases,  2%  in  unfavorable  cases).  The  values  obtained  by 
Weissenberg  x-ray  goniometry  are: 

ao:60:co  =  1.285:1:0.670,  0  =  117.3° 

It  is  interesting  to  note  that,  after  the  crystal  system  has  been 
determined  as  monoclinic,  one  view  alone  (Figure  9,  c)  is  sufficient 
to  calculate  the  axial  elements.  Including  the  apparent  angle  be¬ 
tween  edges  [miirii]  and  [rrhc] ,  which  was  not  used  in  the  foregoing 
construction,  the  view  presents  three  independent  angles  and  is 
therefore  sufficient  for  the  calculation.  The  stereographic  pro¬ 
jection  (Figure  11)  may  be  constructed  graphically,  as  follows: 
The  plane  of  projection  is  perpendicular  to  the  c  axis.  The  zone 
rn\mtfn%mi  is  projected  on  the  primitive  circle.  The  face  pole  mt 
is  arbitrarily  located;  the  zone  circle  mtcm 2  makes  an  angle, 
m3nnc,  of  112°  with  the  primitive  circle.  The  cyclographic  pro¬ 
jection  AB  of  mt  is  drawn.  On  AB  the  interzonal  angle  mmic  in¬ 
tercepts  an  arc,  BD,  equal  to  18°  (Problem  I).  Point  D  may  so 
be  located.  The  projection  is  pivoted  on  the  Wulff  net  until  D 
comes  on  the  great  circle  which  makes  an  angle  of  112°  with  the 
primitive  circle.  This  great  circle  is  the  zone  circle  mxcm3.  It 
determines  the  pole  c,  at  its  intersection  with  the  zone  circle 
mtcm*.  The  face  pole  on  is  located  by  drawing  the  zone  circle 
mtui,  so  that  the  interzonal  angle  m3mno i  equals  64  °,  and  deter¬ 
mining  its  intersection  with  the  zone  circle  m3cm3.  The  rest  of 
the  projection  may  then  be  readily  completed. 

The  axial  elements  read  from  this  graphical  construction  are: 

a:b:c  =  1.27:1:0.67,  0  =  118° 

in  satisfactory  agreement  with  the  elements  given  above. 

In  the  monoclinic  system,  the  Barker  angles  ( 2 ),  used  for  iden¬ 
tification  purposes,  are:  cr(001) : (101),  ra(101)  :(100),  am(100): 
(110),  bq(010) :  (011).  These  form  letters  and  Miller  indices  re¬ 
fer  to  an  arbitrary  setting,  known  as  the  Barker  setting,  different 
from  the  one  used  above.  The  values  calculated  from  two-circle 
goniometry  and  those  obtained  graphically  from  microscope 
goniometry  are  compared  below: 

cr  ra  am  bq 

Calculated  (2-circle  goniometry)  29°  9'  57°  4'  48°  51'  56°  2' 

Graphical(microscope  goniometry)  29°  59°  49°  57° 

Graphically  determined  Barker  angles  will  be  serviceable,  if 
allowance  is  made  for  a  possible  error  of  2  °. 

FINAL  REMARKS 

It  may  not  be  superfluous,  in  conclusion,  to  concede  that  the 
rotating  stage  of  a  microscope  will  never  supersede  the  optical 
reflection  goniometer  as  an  instrument  for  measuring  crystal 
angles.  The  goniometer  measures  the  angles  between  face  nor¬ 
mals  (interfacial  angles  in  single-circle  goniometry,  coordinate 
angles  in  two-circle  goniometry)  with  an  accuracy  that  depends 
more  on  the  perfection  of  the  faces  than  on  the  precision  of  the 
instrument.  This  accuracy  is  usually  a  matter  of  5  to  10  min¬ 
utes;  in  exceptional  cases,  it  may  be  1  or  even  0.5  minute.  Al¬ 


though  the  rotating  stage  of  the  microscope  is  commonly  equipped 
with  a  vernier  that  permits  reading  to  0.1  °,  the  usual  error  of  an 
angular  measurement  is  0.5°;  the  accuracy  may  be  increased 
somewhat  by  averaging  a  large  number  of  readings.  The  accu¬ 
racy  of  microscope  goniometry  is  satisfactory  for  many  purposes, 
especially  in  order  to  exploit  the  possibility  of  measuring  inter¬ 
zonal  angles. 

Although  the  microscope  is  less  accurate  than  the  goniometer, 
the  problem  of  determining  axial  elements  from  the  measured 
angles  is  essentially  the  same  in  both  cases.  The  microscope,  in  a 
sense,  is  the  equivalent  of  a  single-circle  goniometer.  There  are 
differences,  however:  Angles  between  coplanar  edges,  instead  of 
angles  between  tautozonal  faces,  are  measured  for  each  setting  of 
the  crystal  or,  in  other  words,  for  each  view;  and  the  projections 
of  interzonal  angles  on  the  plane  of  the  stage  can  also  be  meas¬ 
ured. 
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Oxygen-Absorbing  Solution  for  the  Scholander  Quick  Gas  Analyzer 
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WHILE  making  numerous  analyses  for  oxygen,  carbon  di¬ 
oxide,  and  nitrogen  in  gas  mixtures,  it  appeared  desirable 
to  obtain  more  suitable  alkaline  oxygen  absorbent  solutions 
for  use  in  the  Scholander  quick  gas  analyzer  (3,  10)  and  the 
Van  Slyke-Neill  manometric  apparatus  (7). 

For  a  number  of  years  sodium  anthraquinone- /3-sulfonate  has 
been  used  with  or  without  ferric  chloride  (3,  7)  to  catalyze  the 
absorption  of  oxygen  by  a  solution  of  sodium  dithionite  (sodium 
hyposulfite,  Na2S20<)  in  potassium  hydroxide.  This  was  the  re¬ 
agent  recommended  by  Scholander  for  use  in  his  quick  analyzer 
(3).  In  making  several  thousand  gas  analyses  in  this  analyzer, 
the  anthraquinone  reagent  was  found  unsatisfactory  because 
(1)  its  dark  color  made  accurate  reading  of  the  meniscus  almost 
impossible;  (2)  it  did  not  indicate  when  absorption  of  the  oxygen 
was  complete,  or  when  the  reagent  neared  exhaustion;  and  (3) 
it  formed  a  crusty  foam  which  interfered  with  absorption  (5,  8). 
If  ferric  chloride  was  also  present,  a  black  precipitate  floating  on 
the  surface  made  the  meniscus  even  more  obscure. 

Alkaline  pyrogallol,  another  solution  commonly  used  for  oxy¬ 
gen  absorption,  also  has  several  disadvantages,  not  least  among 
which  is  the  production  of  carbon  monoxide  when  it  is  placed  in 
contact  with  gas  mixtures  containing  oxygen,  particularly  if  the 
oxygen  constitutes  a  high  proportion  of  the  mixture.  This 
carbon  monoxide  production  is  apparently  not  a  consistent  find¬ 
ing,  but  observations  regarding  it  are  numerous  (4,  6,  9) ;  it  may 
be  minimized  by  allowing  the  reagent  to  age  before  use,  accord¬ 
ing  to  Haldane  (3). 

In  the  present  work,  these  reagents  and  others  were  tested  in 
several  ways,  and  a  useful  oxygen-absorbing  solution  for  the 
Scholander  quick  analyzer  is  here  suggested.  No  reagents  more 
suitable  than  those  in  present  use  were  developed  for  the  Van 
Slyke-Neill  apparatus. 

METHODS 

Most  of  the  materials  investigated  were  tested  for  their  ability 
to  increase  the  rate  of  oxygen  absorption  by  a  28%  solution  of 
sodium  hyposulfite  in  10%  potassium  hydroxide,  using  a  method 
somewhat  like  that  employed  by  Fieser  (3).  For  testing,  0.2 
gram  of  the  material  was  added  to  25  ml.  of  solution  in  a  25-ml. 
flask,  stoppered,  and  shaken.  Two  milliliters  were  removed  in 
a  syringe  and  injected  into  a  50-ml.  Erlenmeyer  flask  containing 
1  ml.  of  mercury.  The  flask  was  promptly  connected  to  a 
mercury  manometer.  Eight  of  these  50-ml.  flasks  were  mounted 
on  a  shaker  in  a  23*  C.  water  bath,  each  equipped  with  a  ma¬ 
nometer  leading  to  a  mercury-filled  trough.  Each  mixture  was 
thus  tested  in  quadruplicate  against  a  solution  of  0.4  gram  of  the 
anthraquinone  and  7  grams  of  sodium  hyposulfite  in  25  ml.  of 
10%  potassium  hydroxide. 

Oxygen  absorbents  which  gave  promise  of  being  useful  were 
further  tested  in  the  Scholander  quick  analyzer  and  in  the  Van 
Slyke-Neill  apparatus. 

RESULTS 

The  results  of  these  tests  led  to  the  conclusion  that  a  useful 
oxygen  solution  for  the  quick  analyzer  consists  of  15  grams  of  a 
10  to  1  mixture  of  sodium  hyposulfite  and  indigo  carmine  plus  100 
ml.  of  10%  potassium  hydroxide.  This  solution  had  the  following 
advantages: 

1.  Its  light  color  facilitated  reading  of  the  meniscus. 


2.  It  formed  little  foam  in  comparison  with  the  reagent  con¬ 
taining  anthraquinone. 

3.  On  standing  a  few  seconds  in  the  presence  of  oxygen  in  the 
unabsorbed  gases  the  meniscus  turned  blue;  or,  if  only  a  trace  of 
oxygen  was  present,  the  meniscus  was  a  dark  reddish  brown, 
particularly  if  the  reagent  was  fresh. 

4.  As  it  approached  exhaustion,  the  solution  darkened  and 
gave  a  deep  blue  foam  (blue  precipitate)  when  shaken  after  the 
gas  injection. 

5.  It  was  nearly  as  rapid  and  gave  the  same  analytical  re¬ 
sults  as  the  anthraquinone. 

The  oxygen-absorbing  solution  containing  pyrogallol  with 
sodium  hyposulfite,  whether  freshly  made  or  allowed  to  stand 
several  months  was  rapid  in  its  action,  but  always  in  both 
Van  Slyke  and  Scholander  apparatus  evolved  about  0.1%  of  the 
original  volume  of  oxygen  as  a  gas  absorbable  by  Winkler’s  re¬ 
agent  for  carbon  monoxide.  This  gas,  presumably  carbon  mon¬ 
oxide,  was  not  evolved  by  the  solution  containing  indigo  carmine 
or  anthraquinone  with  sodium  hyposulfite.  The  carbon  mon¬ 
oxide  was  determined  by  use  of  the  syringe-capillary  technique 
of  Scholander  and  Roughton  (3). 

Other  materials  investigated  were:  safranines  O  and  Y  (I); 
kindly  supplied  by  the  Cincinnati  Chemical  Works,  Inc.,  alizarin 
light  blue  SE,  xylene  milling  blue  GL  and  BL,  alizarin  light  blue 
B,  phenyl  rosinduline  acid  B,  pyridine  pure  blue,  hydron  blue  G, 
Ciba  brown;  also  methylene  blue,  methylene  violet,  aurin  tri¬ 
carboxylic  acid  ammonium  salt,  alizarin,  pyronine,  thymol  blue, 
aniline  blue,  thionine,  and  orange  G.  Some  of  these  materials 
were  excellent  oxygen  indicators  but  not  more  effective  than  the 
anthraquinone  as  a  catalyst.  In  several  instances,  this  was  be¬ 
cause  of  their  low  solubility  in  the  alkaline  sodium  hyposulfite 
solution. 

SUMMARY 

Solutions  of  sodium  hyposulfite  in  10%  potassium  hydroxide 
with  various  added  materials  were  tested  for  oxygen  absorption 
rate  in  a  small  manometric  apparatus  and  those  showing  promise 
were  further  tested  in  the  Scholander  quick  analyzer  and  the  Van 
Slyke-Neill  manometric  apparatus.  Indigo  carmine  was  found 
more  advantageous  than  sodium  anthraquinone- /S-sulfonate  as  an 
indicating  catalyst  in  the  oxygen-absorbing  solution  employed  in 
the  quick  analyzer. 
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Determination  of  Copper  in  Copper  Naphthenate 

A.  A.  MCLEOD 

Macdonald  &  Macdonald,  Vancouver,  B.  C.,  Canada 


IN  1944,  Weatherburn,  Weatherburn,  and  Bayley  (2)  pub¬ 
lished  a  method  of  determining  copper  in  copper  naphthenate. 
This  method  has  been  used  in  these  laboratories  since  June,  1943, 
for  analyzing  mixtures  which,  in  addition  to  copper  naphthenate 
and  solvent,  contained  gums.  The  ash  method  had  been  used 
previously  with  extreme  care  as  dryness  was  approached.  How¬ 
ever,  Cuprinol  Limited,  London,  England,  complained  that  it  gave 
low  results  and  stated  that  their  chemist  used  the  extraction 
method.  The  latter  method,  having  been  tested  and  found 
accurate  as  well  as  easier  than  other  methods,  was  adopted. 

In  the  analyses,  10  N  sulfuric  acid  was  used.  The  mixture  of 
copper  naphthenate  concentrate  and  acid  was  warmed  to  60°  C. 
and  cooled,  and  the  sulfuric  acid  layer  having  been  run  off,  the 
naphthenate  layer  was  washed  free  of  copper  with  dilute  sulfuric 
acid.  Weatherburn,  Weatherburn,  and  Bayley  suggested  that 
the  mixture  be  heated  to  boiling  and  boiled  for  2  or  3  minutes. 
This  requires  care  to  avoid  the  losses  by  entrainment,  frothing, 
and  spattering,  which  are  so  likely  in  mixtures  of  this  type. 
Accurate  results  have  been  obtained  by  warming  the  mixture  to 
60°  C.;  consequently  it  is  unnecessary  to  risk  these  losses. 
The  extract  of  copper  naphthenate  concentrate  contains  a  small 
amount  of  organic  material  in  colloidal  suspension.  Because  of 
this,  in  the  first  analyses,  the  copper  was  precipitated  as  oxide 
(/),  then  redissolved  in  nitric  acid  before  it  was  determined. 
Later  it  was  realized  that  this  was  unnecessary,  for  the  concen¬ 
trate  always  contains  traces  of  iron  and  possibly  other  elements 
that  form  insoluble  hydroxides.  These  may  be  precipitated  by 
an  excess  of  ammonium  hydroxide  and  since  the  precipitate  is  so 
small,  provided  it  is  thoroughly  washed  with  hot  1  %  ammonium 
nitrate  containing  2  drops  of  concentrated  ammonium  hydroxide 
per  100  ml.,  the  amount  of  copper  adsorbed  is  negligible — i.e., 
for  industrial  analyses  reprecipitation  is  unnecessary.  This 
precipitate  adsorbs  the  trace  of  organic  matter,  and  consequently 
filtration  cleans  the  solution,  permitting  the  copper  to  be  deter¬ 
mined  in  the  filtrate  without  further  treatment.  If  an  organic 
solvent  miscible  with  water  is  used  in  the  preservative  mixture,  the 


copper  should  be  separated  as  oxide  before  determination,  or  as 
sulfide  as  suggested  by  Weatherburn,  Weatherburn,  and  Bayley. 

The  results  obtained  from  the  extraction  method  were  checked 
against  a  method  using  Kjeldahl  digestion  to  destroy  organic 
matter.  In  the  latter  method,  as  in  the  determination  of  nitro¬ 
gen,  the  concentrate  is  mixed  with  sulfuric  acid  and  potassium 
sulfate  and  the  mixture  is  heated  in  a  covered  Kjeldahl  flask 
until  it  becomes  clear,  then  transferred  to  a  beaker  for  the  de¬ 
termination  of  copper.  In  this  manner  all  the  organic  matter  is 
destroyed  and  no  copper  is  lost.  Two  check  analyses  are  given 
below : 

Copper  Content 

Extraction  method  Kjeldahl  method 
%  % 

Sample  1  8.65  8.66 

Sample  2  8.22  8.26 

All  three  methods  were  found  to  give  accurate  results  if  suffi¬ 
cient  care  was  used,  but  the  extraction  method  was  the  quickest 
and  easiest,  and  therefore  was  the  most  likely  to  give  accurate 
results  consistently. 
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Lundegardli  Air-Acetylene  Burner 

MARY  A.  GRIGGS,  Wellesley  College,  Wellesley  81,  Mass. 


IN  1938  Lundeg&rdh  ( 6 )  published  an  article  showing  a  diagram 
of  a  new  type  of  air-acetylene  burner  and  stating:  “A  burner 
of  a  new  type  with  a  flat  top  was  used  (see  Figure  1,4).  The  di¬ 
mensions  of  the  opening  in  the  mouthpiece  are  1  X  20  mm.  An 
advantage  of  this  burner  is  the  fact  that  it  works  without  plati¬ 
num  nets.  The  gas  mixture  is  sufficiently  cooled  by  the  flat 
mouthpiece,  and  explosions  are  entirely  eliminated.” 

In  Lundeg&rdh’s  own  laboratory  in  1938,  only  the  new  type  of 
burner  was  in  use.  This  diagram  of  the  new  burner  was  repro¬ 
duced  with  Lundeg&rdh’s  permission  in  an  article  from  Wellesley 
College  (4)  in  1941.  Ells  (2,,  3)  has  also  published  work  done  at 
the  University  of  Missouri  in  which  the  new  type  of  burner  was 
used.  Both  burners  were  constructed  under  Lundeg&rdh’s 
supervision.  McClelland  and  Whalley  (7)  in  1941  and  Cholak 
and  Hubbard  ( 1 )  in  1944  have  published  diagrams  of  burners 
which  are  essentially  the  discarded  Lundeg&rdh  ( 5 )  type.  The 
former  state  that  this  apparatus  “does  not  correspond  with 
Lundeg&rdh’s  latest  design”  but  they  felt  justified  in  giving  the 
account  of  it  because  of  its  efficiency.  The  latter  say  mistakenly, 
“In  details  of  construction  this  equipment  follows  Lundeg&rdh’s 
latest  design  as  described  by  McClelland  and  Whalley.” 

It  seems  important  to  point  out  this  discrepancy,  so  that 
American  chemists  and  spectrographers  may  understand  that 


it  is  not  necessary  to  construct  burners  of  the  more  complicated 
type  which  Lundeg&rdh  himself  discarded  several  years  ago. 
Moreover,  the  Jarrell-Ash  Company  of  Boston,  which  plans  to 
put  the  new  type  Lundeg&rdh  burner  on  the  market,  and  which 
has  studied  the  design  of  both  burners,  has  advised  us  that  the 
construction  of  this  new  type  is  “considerably  less  expensive” 
than  that  of  the  older  type.  Emission  in  the  air-acetylene  flame 
has  the  great  advantages  of  simplicity  of  procedure,  accuracy, 
and  reproducibility  of  results,  for  certain  elements. 

LITERATURE  CITED 

(1)  Cholak,  J.,  and  Hubbard,  D.  M.,  Ind.  Eng.' Chem.,  Anal.  Ed., 

16,  728  (1944). 

(2)  Ells,  V.  R.,  J .  Optical  Soc.  Am.,  31,  534  (1941). 

(3)  Ells,  V.  R.,  and  Marshall,  C.  E.,  Soil  Sci.  Soc.  Am.,  Proc.,  4,  131 

(1939). 

(4)  Griggs,  M.  A.,  Johnstin,  R.,  and  Elledge,  B.  F.,  Ind.  Eng.  Chem., 

Anal.  Ed.,  13,  99  (1941). 

(5)  Lundeg&rdh,  H.,  “Die  quantitative  Spektralanalyse  der  Ele- 

mente”,  Vol.  II,  Jena,  Gustav  Fischer,  1934. 

(6)  Lundeg&rdh,  H.,  and  Philipson,  T.,  Lantbruks-Hogsk.  Ann. 

(Sweden),  5,  249  (1938). 

(7)  McClelland,  J.  A.  C.,  and  Whalley,  H.  K.,  J .  Soc.  Chem.  Ind..,  60, 

288  (1941). 


599 


Addition  of  Solids  to  Reaction  Mixtures 

ELIJAH  SWIFT,  JR.1,  AND  JOHN  H.  BILLMAN,  Indiana  University,  Bloomington,  Ind. 


THE  selection  of  a  suitable  method  for  adding  solids  to  re¬ 
action  mixtures  is  a  problem  which  often  confronts  the 
chemist,  particularly  when  the  solid  must  be  added  gradually 
throughout  the  course  of  a  reaction  or  it  is  necessary  to  use  a 
sealed  system,  so  as  to  exclude  moisture.  Types  of  apparatus 
designed  to  handle  this  problem  in  the  research  laboratory  in¬ 
clude  the  one  suggested  by 
Fieser  (2)  in  which  the  solid 
is  placed  in  an  Erlenmeyer 
flask  connected  to  the  reac¬ 
tion  vessel  by  a  large  rubber 
tube,  and  that  of  Webster 
and  Dennis  (4)  which  consists 
of  a  hopper  with  a  ground-in 
valve  at  the  bottom.  Dennis 
and  Anderson  (1)  have  also 
described  a  hopper  and  valve 
arrangement  for  the  addition 
of  solids.  Stock  and  Gutt- 
mann  (3)  have  utilized  a  ver¬ 
tical  screw  to  feed  powdered 
material  from  a  hopper  into  a 
reaction  chamber,  making  use 
of  a  mercury  seal. 

In  the  course  of  research 
work  in  this  laboratory  a  new 
device  (Figure  1)  was  con¬ 
structed  for  the  intermittent 
controlled  addition  of  solids 
to  reaction  mixtures. 

./  .1 

The  device  can  be  .filled 
with  a  solid  and  attached  to 
the  reaction  vessel  by  the 
ground  joint  at  the  bottom. 
By  raising  the  plunger  to 
the  appropriate  height,  any 
desired  amount  of  the  solid 
may  be  made  to  flow  into 
the  reaction  vessel,  and  the 
flow  can  be  completely  sealed 
off  by  merely  twisting  down 
the  plunger  until  the  rubber  ring  stops  the  opening.  The  seal  is 
tight  enough  to  keep  anhydrous  aluminum  chloride  for  several 
hours  without  any  perceptible  reaction  with  moisture.  The  ex¬ 
tension  of  the  plunger  to  the  tip  of  the  joint  prevents  caking  in 
the  constriction.  Caking  in  the  hopper  may  be 
overcome  by  cutting  the  rubber  gasket  with  a  saw¬ 
like  upper  edge  which  may  be  twisted  to  loosen  the  „1RTKn 

cake.  The  hopper  may  be  refilled  during  a  reac¬ 
tion  without  breaking  the  seal  by  lifting  the  stopper 
while  holding  down  the  pipet. 

This  apparatus  may  be  constructed  readily  from 
glassware  often  discarded — chipped  flasks  and 
pipets  with  broken  tips.  The  dimensions  given 
on  the  drawing  are  for  a  model  used  in  this  labo¬ 
ratory.  Another  was  made  from  a  250-ml. 

Erlenmeyer  flask  and  a  25-ml.  pipet,  and  larger 
sizes  could  be  constructed.  If  solvents  which 
attack  rubber  are  used,  a  neoprene  gasket  may 
be  substituted  for  the  rubber  one.  The  gasket  is 
cut  from  a  piece  of  rubber  tubing  of  such  a 
diameter  as  to  fit  the  pipet  snugly.  The  rubber 
tubing  at  the  top  is  lubricated  with  castor  oil  to 
make  an  airtight  joint  which  will  allow  free  move¬ 
ment  of  the  plunger.  The  authors  have  found 
this  apparatus  to  work  very  satisfactorily  for 
sodium  carbonate,  anhydrous  aluminum  chloride, 
phosphorus  pentoxide,  red  lead,  phosphorus  pen- 


tachloride,  sodium  amide,  and  solid  carbon  dioxide.  When  solid 
carbon  dioxide  was  used,  a  groove  was  cut  in  the  rubber  gasket  in 
order  to  prevent  pressure  increase  in  the  hopper. 

Where  it  is  desirable  to  add  the  material  continuously,  the 
apparatus  shown  in  Figure  2  operates  well.  This  is  designed  to 
add  solids  to  sealed  reaction  mixtures  at  a  steady  rate  over  an  ex¬ 
tended  period  of  time,  and  once  started,  will  do  this  automati¬ 
cally.  The  system  can  be  kept  sealed  at  all  times,  if  an  airtight 
hopper  is  used  to  feed  the  apparatus.  Since  it  is  constructed  en¬ 
tirely  of  glass,  corrosion  is  avoided.  Construction  is  not  difficult 
for  anyone  with  moderate  skill  in  glassblowing. 

The  solid  material  is  moved  forward  in  a  glass  tube  at  a  con¬ 
stant  rate  by  means  of  a  close-fitting  rotating  glass  spiral.  The 
material  drops  from  a  hopper  onto  the  spiral  and  is  carried  for¬ 
ward  to  drop  from  the  other  end  into  the  reaction  flask  at  a  rate 
which  can  be  controlled  by  varying  the  speed  of  the  motor  turn¬ 
ing  the  spiral. 

The  dimensions  of  the  apparatus  in  Figure  2  are  those  used  on 
a  successful  model  in  this  laboratory,  but  the  size  can  be  varied 
readily;  it  is  well  to  retain  the  thick  center  axle  which  is  neces¬ 
sary  for  strength. 

To  make  the  spiral,  a  piece  of  10-mm.  Pyrex  rod  is  held  in  the 
right  hand  and  about  40  cm.  of  5.7-mm.  rod  in  the  left  hand. 
The  two  are  sealed  together  at  the  end,  and  the  joint  is  annealed 
in  an  air  flame.  The  spiral  is  then  made  by  heating  the  smaller 
rod  close  to  the  point  of  contact  with  the  larger,  holding  them  so 
that  the  angle  between  the  axes  of  the  two  rods  is  about  60  °,  and 
rotating  the  larger  rod  as  the  small  rod  softens  until  about  five 
turns  have  been  made.  The  distance  between  turns  will  be  about 
3.3  cm.  The  smaller  rod  is  then  pulled  away  and  the  end  sealed 
to  the  larger  rod  and  annealed.  If  any  difficulty  is  encountered  in 
making  the  turns  an  equal  distance  apart,  a  spiral  made  with  the 
spaces  between  successive  turns  slightly  less  will  work  equally  wel  1 . 

At  this  point,  the  spiral  is  too  large  to  enter  the  tube,  and  must 
be  ground  down  slightly  to  a  snug  fit.  This  is  readily  done  on  a 
power  fine-grained  grinding  wheel,  holding  the  spiral  lightly 
against  the  wheel  with  the  thumbs  in  back  of  it,  and  rotating  it 
slowly  in  order  to  move  it  evenly  across  the  wheel.  High  places 
in  the  spiral  can  be  readily  felt  and  smoothed  down  and  the  whole 
gradually  decreased  in  diameter  until  it  will  almost  slide  into  the 
tube.  It  is  then  ground  into  a  smooth  fit  with  Carborundum, 
using  another  tube  of  the  same  size.  It  takes  about  3  hours  to 
make  the  ground  spiral  and  the  holder. 

In  attaching  the  joint  to  the  tube  in  which  the  spiral  fits,  care 
must  be  taken  not  to  let  it  sink  in  at  any  point.  The  ground 
joints  shown  are  not  essential  and  some  flexibility  might  be  gained 
by  joining  the  apparatus  to  the  reaction  system  with  snug  rubber 
tubing  instead.  In  place  of  the  upper  joint  a  hopper  could  be 
sealed  on  or  a  hopper  like  that  shown  in  Figure  1  used.  The  seal 
at  the  back  end  of  the  apparatus  is  made  airtight  by  lubricating 


1  Present  address,  Explosives  Research  Laboratory,  4800 
Forbes  St.,  Pittsburgh  13,  Pa. 
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the  rubber  tubing  with  castor  oil.  The  (8-em.  wooden)  pulley 
may  be  made  to  fit  tightly  by  boring  the  hole  through  it  slightly 
too  large  (1.6  cm.,  0.625  inch)  and  then  working  it  over  a  short 
piece  of  rubber  tubing  which  has  been  split  along  its  axis  and 
placed  on  the  rod. 

The  authors’  model  was  driven  by  a  0.125-h.p.  motor,  operating 
at  1525  r.p.m.,  connected  with  a  40  to  1  reducing  gear.  The 
pulley  on  the  reducing  gear  was  placed  below  the  pulley  on  the 
shaft  of  the  apparatus,  and  the  connecting  belt  kept  taut  by  allow¬ 
ing  part  of  the  weight  of  the  motor  and  gear  to  hang  from  the  belt. 
The  bearing  at  the  end  of  the  Pyrex  rod  which  consists  of  sheet 
asbestos  lubricated  with  graphite,  supports  most  of  this  weight. 
When  anhydrous  aluminum  chloride,  phosphorus  pentachloride, 
and  sodium  carbonate  were  used  this  system  always  operated 
smoothly  with  no  tendency  to  stick. 


In  tests  with  this  model  when  the  spiral  was  turning  at  the 
rate  of  about  12  revolutions  per  minute,  it  delivered  14  ml.  of 
anhydrous  sodium  carbonate,  and  about  the  same  amount  of 
aluminum  chloride  per  minute. 
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All-Glass  Stirrer 

ROBERT  P.  YECK 

American  Smelting  &  Refining  Company,  Central  Research  Laboratory,  Barber,  N.  J. 


IN  A  recent  article  (I)  an  all-glass  stirrer  was  pictured  which  is 
compact,  inexpensive,  easy  to  construct,  and  eliminates  the 
danger  of  contamination  of  the  solution  by  corrosion  products 
from  an  electric  motor. 

The  device  is  not  suitable  for  agitation  of  large  volumes,  nor  of 
heavy  viscous  liquids,  but  is  extremely  useful  for  agitation  of 
volumes  such  as  are  constantly  used  in  analytical  work.  In 
electrometric  titrations  the  electrodes  may  be  attached  to  the 
stirrer,  thus  eliminating  the  cluttered  condition  normally  encoun¬ 
tered  in  electrometric  operations.  A  method  of  attaching  elec¬ 
trodes  is  shown  in  Figure  1 . 


Figure  1.  All-Glass  Stirrer 


Stirrers  of  the  type  described  are  available  commercially  but 
annot  be  disassembled  for  cleaning  or  lubricating.  Foreign 
articles,  particularly  rust  scale,  may  come  through  air  lines  and 
adge  between  bearings  and  shafts,  seriously  affecting  the  effi- 
iency  of  operation.  Occasionally  broken  parts  cannot  be 
eplaced  on  commercial  stirrers. 

The  stirrer  is  an  air-driven  type  operating  on  low  pressure  (not 
ver  10  pounds)  on  the  pinwheel  or  rocket  principle  (Figure  2). 
he  stator  is  a  T-tube  fitted  with  rubber  stoppers  which  are 
ored  to  accommodate  glass  bearings.  The  rotor  is  in  two  parts. 


The  small  T,  which  furnishes  the  power  to  drive  the  shaft,  is  con¬ 
nected  to  it  with  a  short  length  of  rubber  tubing,  which  serves  as 
universal  joint,  to  absorb  stresses  due  to  approximate  shaft 
alignment,  makes  disassembly  possible,  and  admits  air  to  jets 
through  the  hole  in  the  center. 

Tight  or  binding  bearings  will  not  operate,  but  slight  high 
spots  may  be  quickly  ground  to  fit.  Too  great  clearance  re¬ 
sults  in  air  leakage  with  poor  performance. 

Bearings  should  be 
lubricated  with  a  drop  of 
medium  oil  before  as¬ 
sembly  and  occasionally 
thereafter.  Oil  of  S.A.E. 
30-40  is  satisfactory. 

When  the  unit  is  as¬ 
sembled,  stoppers  should 
be  adjusted  by  rotating 
until  minimum  bind  and 
friction  are  obtained  and 
the  shaft  turns  freely.  A 
properly  aligned  stirrer 
should  turn  when  blown 
by  mouth. 

The  danger  of  the 
rotor’s  disintegrating 
while  in  operation  is  ex¬ 
tremely  remote.  Dozens 
of  these  stirrers  have  been 
made  and  used  in  this 
laboratory  under  all  kinds 
of  conditions.  The  only 
breakage  encountered  has 
been  in  electrometric  ti¬ 
trations,  where  the  rotor 
has  been  shattered  by 
contact  with  the  buret. 
To  prevent  this,  small 
pieces  of  rubber  tubing 
extending  slightly  beyond 
the  ends  of  the  rotor,  and 
with  holes  corresponding 
to  hole  locations  in  the 
rotor,  may  be  installed. 
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Figure  2.  Diagram 

Stator.  A.  14-mm.  tubing,  11  cm. 
long.  B.  8-nun.  tubing,  7  to  8  cm. 
long 

Rotor.  C.  6-mm.  tubing,  6  cm. 
long,  1-mm.  hole  on  each  end,  opposite 
sides.  D.  6-mm.  tubing,  6  cm.  long, 
serves  as  shaft 

Stirrer  Shaft.  E.  6-mm.  tubing, 
18  cm.  long,  with  propeller  or  other 
agitating  device  formed  on  end  about 
1.5  cm.  wide 

Universal  Joint.  F.  Snug  fitting 
rubber  tubing  4  to  5  cm.  long  with  hole 
in  center  3  to  5  mm.  in  diameter 

Bearings.  G.  Cut  from  standard 
Pyrex  tubing,  with  an  inside  diameter 
providing  a  fairly  close  fit  to  shafts. 
Bearings  should  be  3  to  4  cm.  in  length. 

H.  Rubber  stoppers  bored  to  ac¬ 
commodate  bearings 

I.  Holes  in  rotor  serving  as  jets 

All  glass  tubing  should  be  standard 

wall  thickness  Pyrex.  Diameter 
measurements  are  outside.  * 


Electrically  Operated  Buret 

FREDERICK  C.  NACHOD 
The  Atlantic  Refining  Company,  Philadelphia,  Pa. 


IN  A  series  of  experiments  which  were  carried  out  several  years 
ago,  the  problem  of  avoiding  contamination  of  the  titration 
liquid  by  stopcock  grease  was  encountered.  The  solutions 
mainly  consisted  of  bromine  dissolved  in  light  and  “heavy” 
methanol  (CH3OH  and  CH3OD),  and  were  used  in  the  determina¬ 
tion  of  keto-enol  equilibria  ( 1 ). 

The  apparatus  employed,  shown  in  the  diagram,  consists  of  a 
conical  seal,  S,  which  must  be  ground  with  great  care;  the  male 
part  of  the  seal  is  formed  into  a  plunger,  P,  which  contains  an  iron 
core,  C,  suitably  made  of  about  6  iron  nails.  This  core  is  about 
1.5  cm.  long  and  0.5  cm.  in  diameter.  A  top  view  of  the  upper 
cross  section  of  the  plunger  is  shown  at  the  right.  The  four 
protrusions  maintain  the  plunger  in  its  vertical  position  during 

motion.  .  .  . 

Two  solenoids,  A  and  B,  made  from  bell  wire,  and  consisting 
of  about  20  windings  each,  are  connected  over  a  6-volt  battery 
by  means  of  a  Morse  key,  K.  If  the  key  is  released,  solenoid  B 
is  actuated  and  provides  magnetic  “suction”  for  the  seal;  if  the 
key  is  pressed  down  or  tapped,  the  plunger  rises  and  the  solution 
is  permitted  to  flow  out  of  the  buret. 

In  preparing  the  assembly,  it  is  recommended  to  start  with  the 
conical  seal,  to  connect  the  seal  to  a  calibrated  buret,  and  then 
to  slide  in  the  plunger.  The  apparatus  described  was  made  for  a 
10-ml.  buret  but  can  be  adapted  to  larger  burets. 


(1)  Nachod,  F.  C.,  Z.  physik  Chem.,  A182,  209  (1938). 

Presented  before  the  Spring  Meeting  of  the  Philadelphia  Section,  Ameri¬ 
can  Chemical  Society,  June  13,  1945. 


Titration  of  Boric  Acid  in  the  Presence  of  Mannitol 

MAX  HOLLANDER  AND  WILLIAM  RIEMAN  III,  School  of  Chemistry,  Rutgers  University,  New  Brunswick,  N.  J. 


IT  IS  well  known  that  the  titration  of  boric  acid  with  sodium 
hydroxide  is  satisfactory  only  in  the  presence  of  glycerol, 
mannitol,  or  some  similar  polyol.  Although  mannitol  has  been 
found  most  suitable  for  this  purpose  {5,  8),  the  literature  contains 
no  satisfactory  report  on  the  optimum  quantity  or  concentration 
of  mannitol.  Schafer  ( 6 )  recommends  a  mannitol  concentration 
at  least  0.2  M,  but  the  accuracy  of  his  conclusion  may  well  be 
questioned  because  he  used  a  buret  accurate  to  0.01  ml.  for 
titrations  of  less  than  0.9  ml.  Mellon  U)  recommends  the  use  of 
1  gram  of  mannitol,  while  Kolthoff  and  Furman  (2)  and  Kolthoff 
and  Sandell  (3)  call  for  0.5  to  0.7  gram  of  mannitol  for  each  10  ml. 
of  solution,  and  Hillebrand  and  Lundell  (7)  ask  for  the  addition 
of  1  to  2  grams.  Scott  (7)  calls  for  the  use  of  1-gram  increments 
of  mannitol  until  a  permanent  phenolphthalein  end  point  has 
been  reached. 

This  paper  presents  a  study  of  the  effect  of  varying  amounts  of 
mannitol  on  the  titration  of  boric  acid  with  sodium 


ments  of  sodium  hydroxide  were  0.10  ml.  The  buret  readings 
at  the  phenolphthalein  end  point  (pH  of  8.30)  and  at  the  steep¬ 
est  point  of  the  titration  graph  (equivalence  point)  were  ob¬ 
served.  The  difference  in  these  readings  is  given  in  Table  I 
under  the  heading  of  “Titration  Error”. 

The  results  obtained  from  the  titration  graphs  are  given  in 
Table  I. 

DISCUSSION 

From  Table  I,  it  is  obvious  that  with  an  initial  volume  of  100 
ml.,  the  proper  quantity  of  mannitol  is  about  7  grams,  corre¬ 
sponding  to  a  ratio  of  27  moles  of  mannitol  per  mole  of  boric  acid. 
When  the  initial  volume  is  25  ml.,  3.9  grams  of  mannitol,  corre¬ 
sponding  to  a  molar  ratio  of  15,  will  give  satisfactory  results. 
These  conclusions  show  very  clearly  that  the  molar  ratio  of 


hydroxide  to  the  phenolphthalein  end  point. 

EXPERIMENTAL 

Reagents.  Boric  acid,  approximately  0.057  M,  was 
prepared  by  dissolving  the  Merck  reagent  in  freshly 
boiled  distilled  water.  Carbonate-free  sodium  hydrox¬ 
ide,  approximately  0.045  N,  was  standardized  with 
potassium  acid  phthalate.  Mannitol,  Eastman  No. 
155,  was  found  to  be  neutral  and  used  without  further 
purification. 

Procedure.  Twenty-five  milliliters  of  the  stand¬ 
ard  boric  acid  solution  were  diluted  to  a  given  volume 
and  2  drops  of  0.03  M  phenolphthalein  per  100  ml.  of 
solution  (volume  at  equivalence  point)  were  added.  A 
known  amount  of  mannitol  was  added,  and  the  solu¬ 
tion  was  titrated  potentiometrically  at  room  tempera¬ 
ture  with  a  Beckman  pH  meter,  laboratory  model. 
In  the  vicinity  of  the  equivalence  point,  the  incre- 


Table  I.  Titration  of  25  Ml.  of  Standard  Boric  Acid  with 
Sodium  Hydroxide 


Volume 

before 

Titration 

Weight 

Moles  of  Mannitol 

Mannitol 

Moles  of  Boric  Acid 

Ml. 

Grams 

100 

0.00 

0.0 

100 

0.26 

1.0 

100 

0.52 

2.0 

100 

1.04 

4.0 

100 

2.08 

8.0 

100 

4.16 

16.0 

100 

8.32 

32.0 

100 

16.64 

64.0 

100 

33.3° 

1.9 

25 

0.49 

25 

1.97 

7.6 

25 

3.93 

15.2 

pH  of 

pH  at 
Equiva¬ 
lence 

Slope  at 
Equiva¬ 
lence 

Titration 

Acid 

Point 

Point 

Error 

6.01 

10.29 

0.12 

Ml. 

5.03 

9.91 

0.22 

— ii ! 47 

4.72 

9.70 

0.38 

-  7.27 

4.25 

9.45 

0.82 

-  2.13 

3.93 

8.82 

1.48 

-  0.50 

3.62 

8.48 

2.70 

-  0.05 

3.43 

8.18 

4.50 

+  0.03 

3.18 

7.65 

5.50 

+  0.12 

3.01 

7.36 

6.70 

+  0.19 

3.80 

10.01 

1.04 

-  5.46 

3.02 

8.57 

3.5 

-  0.06 

2.88 

8.60 

8.4 

-  0.01 

0  This  quantity  did  not  dissolve  entirely. 
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mannitol  to  boric  acid  is  not  the  deciding  factor  in  determining 
the  amount  of  mannitol  necessary  for  a  good  titration.  The 
concentrations  of  mannitol  at  the  equivalence  point  are  0.30  and 
0.38  M  with  initial  volumes  of  100  and  25  ml.,  respectively. 

Sharpness  of  End  Point.  The  sharpness  of  the  end  point  is 
determined  by  the  slope  of  the  graph  at  the  equivalence  point. 
If  the  phenolphthalein  end  point  is  to  be  satisfactory,  the  slope 
should  be  at  least  3.0  pH  units  per  ml.  Table  I  shows  that  the 
slope  at  the  equivalence  point  exceeds  3.0  in  both  cases  if  the 
recommended  quantities  of  mannitol  are  used. 

CONCLUSION 

If  the  mannitol  is  present  in  a  large  excess  over  the  boric  acid, 
a  concentration  of  about  0.35  mole  of  mannitol  per  liter  of  solution 
at  the  equivalence  point  will  yield  both  a  small  titration  error  and 
a  sharp  end  point.  This  observation  agrees  very  well  with  the 
recommendations  of  Kolthoff  and  Furman  (2)  and  Kolthoff  and 
Sandell  (8). 
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Recommended  Practice  for  Microscopical  Reports  on 
Crystalline  Materials,  in  A.C.S.  Publications 


In  1942  a  committee  of  the  Division  of  Analytical  and  Micro 
Chemistry  was  appointed  to  present  a  recommended  pro¬ 
cedure  for  reporting  microscopical  crystallographic  data.  The 
members  were:  W.  M.  D.  Bryant,  Experiment  Station,  E.  I.  du 
Pont  de  Nemours  &  Company;  Mary  L.  Willard,  Pennsylvania 
State  College;  E.  F.  Williams,  Research  Laboratory,  American 
Cyanamid  Company,  and  C.  W.  Mason,  Cornell  University, 
Chairman. 

After  considerable  discussion,  and  correspondence  with  other 
microscopists  and  with  the  American  Mineralogical  Society,  the 
recommendations  given  below  were  formulated  and  presented  to 
the  Division  at  the  Cleveland  meeting,  April  4,  1944,  where  an 


informal  ballot  was  taken,  to  submit  them  for  the  approval  of  the 
Executive  Committee  of  the  Division. 

The  recommendations  were  also  discussed  with  the  A.C.S. 
Committee  on  Nomenclature,  which  voiced  no  objections,  and 
became  an  official  action  of  the  Division  of  Analytical  and  Micro 
Chemistry  by  authority  of  its  Executive  Committee.  They  are 
published  for  the  guidance  of  authors,  upon  whose  willingness  to 
follow  them  depends  their  success  in  bringing  more  clarity  and 
accuracy  of  expression  to  a  field  where  ambiguity  has  been  all  too 
prevalent.  They  will  also  serve  as  an  established  reference  for  the 
use  of  reviewers  and  editors  when  dealing  with  papers  in  micros¬ 
copy.  C.  W.  Mason 


With  the  increasing  use  of  microscopical  crystal  studies  in  re¬ 
search  and  technology,  and  the  wider  knowledge  of  the  under¬ 
lying  experimental  techniques,  such  information  should  be  more 
frequently  and  extensively  published  for  the  benefit  of  those 
chemists  who  have  come  to  depend  on  it  as  a  primary  err  supple¬ 
mentary  means  of  identification. 

Authors  should  be  encouraged  to  give  detailed  crystallographic 
descriptions  (geometrical  and  optical)  of  crystals,'  in  all  papers 
where  crystallinity  is  reported;  the  editors  should  consider  such 
data  as  deserving  of  space  as  is  conventional  chemical  informa¬ 
tion,  and  where  necessary  for  clarity  should  allow  the  publication 
of  drawings  or  photomicrographs. 

When  feasible,  crystal  descriptions  may  well  be  reviewed 
separately.  The  author  may  be  advised  to  extend  his  report, 
or  on  the  other  hand  to  clarify  it  for  the  benefit  of  those  not  well 
versed  in  the  condensed  style  of  formal  crystallographic  termi¬ 
nology. 

The  term  amorphous  should  not  be  used  as  synonymous  with 
“very  fine  grained”  or  “unresolvable”,  unless  qualified — for 
example,  “apparently  amorphous”,  “microscopically  amorphous 
within  the  limits  of  visual  (or  ultraviolet,  or  electron)  micros¬ 
copy”,  etc. 

The  term  crystal  may  be  applied  to  any  solid  possessing  a  single 
continuous  lattice  structure  throughout  its  extent,  whether  the 
crystal  exhibits  faces  (euhedral)  or  is  irregularly  bounded  (an- 
hedral)  or  is  a  cleavage  fragment.  Twinned  crystals  properly 
are  only  those  in  which  the  differently  oriented  portions  bear  a 
specific  geometrical  relationship  to  each  other;  accidently  ad¬ 
hering  or  intergrown  crystals  are  not  considered  twins. 

Crystal  habit  or  mode  of  development  should  be  stated  in 
conjunction  with  the  conditions  of  formation.  The  particular 
habit  of  a  given  substance  can  vary  markedly  with  the  method  of 
crystallization,  solvent,  temperature,  rate,  associated  impurities, 
etc.,  which  should  be  reported.  For  crystals  grown  on  a  micro¬ 


scope  slide  from  solution  or  fusion,  the  common  view  or  preferred 
orientation  should  be  given.  Drawings  or  photomicrographs 
may  well  be  used  to  describe  the  habit,  particularly  if  it  is  con¬ 
sistent  and  significant  for  descriptions. 

If  several  different  sets  of  similar  faces  (“forms”  in  crystallo¬ 
graphic  terminology)  are  exhibited,  their  relative  sizes  should  be 
indicated;  it  is  customary  to  list  the  dominant  ones  first. 

Cleavage,  skeletal  or  dendritic  habit,  and  any  other  readily 
observable  and  characteristic  features  should  be  included  in  the 
report.  Where  cleavage  is  reported,  it  is  desirable  that  the 
number  of  directions  and  their  mutual  angular  relationship  (true, 
or  traces  on  a  given  face)  be  stated. 

Crystallographic  studies  are  based  primarily  upon  directional 
properties;  directions  and  orientations  must  be  unambiguously 
designated  if  the  description  is  to  have  meaning. 

If  crystallographic  axes  and  Miller  indices  of  faces  are  used  the 
assumed  setting  of  the  axes  should  first  be  stated,  with  reference 
to  some  conspicuous  geometrical  or  optical  features,  and  in  ac¬ 
cordance  with  conventional  crystallographic  practice.  Descrip¬ 
tive  terms  such  as  “prisms”  or  “rhombohedra”,  which  connote  a 
specific  crystal  form  (a  group  of  faces  having  the  same  relation¬ 
ship  to  the  crystallographic  axes)  should  be  avoided  or  used  in 
quotation  marks  unless  the  faces  of  these  particular  forms  are 
present. 

If  axial  ratios  are  given,  the  method  of  measuring  the  essential 
angles  should  be  stated.  Axial  ratios  calculated  from  micro¬ 
scopical  measurements  have  little  value. 

Angles  should  be  measured  wherever  possible,  but  care  should 
be  taken  that  the  particular  angle  involved  is  clearly  and  unam¬ 
biguously  designated,  preferably  on  a  drawing.  Distinction 
should  be  made  between  silhouette  (“profile”)  angles  and  true 
interfacial  angles,  and  between  microscopical  and  goniometric 
data.  In  order  to  avoid  confusion  with  the  symbols  for  refrac¬ 
tive  indices,  the  angles  of  inclination  between  the  inclined  crystal- 
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lographic  axes  in  monoclinic  and  triclinic  should  Be  designated  as 
“angle  a”,  “angle  0”,  “angle  y”. 

Crystal  system,  and  if  possible  symmetry  class,  should  be  re¬ 
ported.  A  mere  statement  of  crystal  system,  without  the  sup¬ 
porting  geometrical  or  optical  evidence,  is  not  acceptable. 

The  geometrical  description  should  be  separated  from  the 
description  of  optical  properties.  Drawings  are  almost  essential 
for  geometrical  descriptions,  and  may  further  be  used  to  repre¬ 
sent  the  orientation  of  optical  properties.  Clinographic  projec¬ 
tion  (perspective)  is  appropriate  for  geometrical  purposes,  but 
for  records  of  optical  properties  and  microscopical  appearances 
orthographic  projections  (plans  and  elevations)  are  preferable. 

Optical  properties  should  be  reported  as  fully  as  the  specimen, 
the  available  apparatus,  and  the  author’s  ability  permit.  Even 
brief  and  simple  descriptions  are  better  than  none,  provided  they 
are  accurate  as  far  as  they  go.  Optical  data  are  particularly 
important  in  those  cases  where  crystal  faces  are  not  well  developed . 
It  is  essential  that  reported  optical  properties  be  clearly  related  to 
crystallographic  features  or  to  the  geometrical  appearance  of  the 
material  as  seen  under  the  microscope. 

In  the  order  of  importance  and  ease  of  observation,  the  follow¬ 
ing  optical  properties  are  desirable: 

1.  Isotropic  or  anisotropic  character;  may  differ  from  different 
views. 

2.  Location  of  vibration  directions  (axes  of  elasticity)  with  reference 
to  prominent  edges,  faces,  or  planes  of  symmetry.  Parallel  (sym¬ 
metrical)  extinction  versus  oblique  extinction.  The  extinction  angle 
should  be  clearly  designated  with  respect  to  the  face,  edge,  or  crystal 
axis  of  reference,  preferably  by  a  drawing.  Phrases  such  as  “extinc¬ 
tion  angle  20°  to  the  long  edge,  measured  in  the  acute  (or  obtuse) 
angle  0”  may  well  be  used.  Different  extinctions,  as  obtained  on  dif¬ 
ferent  views  of  a  crystal,  should  be  clearly  indicated. 

3.  Refractive  indices  exhibited  by  crystals  in  readily  available 
orientations  such  as  lying  on  prominent  faces. 

The  view  examined  should  be  stated,  and  the  refractive  indices 
corresponding  respectively  to  the  vibration  directions  for  that  view 
should  be  clearly  designated,  preferably  on  a  drawing.  Refractive 
indices  should  be  reported  for  the  different  principal  views  of  the  crys¬ 
tals,  if  possible. 

If  refractive  indices  are  not  determined  numerically,  nevertheless 
some  statement  should  be  made  regarding  their  relative  magnitude 
and  difference,  for  different  principal  views.  The  direction  of  vibra¬ 
tion  of  the  slower  component  (axis  of  less  elasticity,  or  higher  refrac¬ 
tive  index)  should  be  observed  by  means  of  a  compensator  (first  order 
red  plate  or  quartz  wedge) .  If  crossed  arrows  are  used  to  indicate  on 
a  drawing  the  axes  of  elasticity,  the  shorter  arrow  should  correspond 
to  the  higher  refractive  index  less  “optical  elasticity”.  The  strength 
of  double  refraction  (difference  in  refractive  indices)  for  each  view 
may  be  roughly  estimated  from  the  “order”  of  the  polarization  colors, 
thickness  being  considered.  Mere  statement  of  the  polarization  colors 
exhibited  is  of  little  significance,  unless  the  thickness  is  specified  or  is 
consistent  for  the  method  of  crystallization. 

The  numerical  values  given  for  refractive  indices  should  indicate 
the  probable  accuracy  of  the  method  as  actually  carried  out ;  this  may 
differ  in  different  ranges  and  for  different  materials.  Solubility  in 
immersion  liquids  may  well  be  reported. 

If  monochromatic  illumination  is  used,  as  will  be  necessary  if 
marked  dispersion  exists,  it  is  advisable  that  determinations  be  made 
with  sodium  light  (in  addition  to  any  other  wave  lengths  employed) 
to  aid  in  comparison  with  the  approximate  refractive  indices  obtain¬ 
able  with  white  light. 

Refractive  indices  should  be  designated  by  Greek  letters  or  other 
symbols  only  if  it  is  known  that  they  are  the  principal  values,  corre¬ 
sponding  to  the  axes  of  the  index  ellipsoid. 

For  crystals  known  to  be  uniaxial  (in  the  tetragonal  or  hexagonal 
systems)  e  and  w  should  be  employed  to  designate  the  principal  in¬ 
dices;  e'  may  be  used  to  designate  an  intermediate  value.  For  crys¬ 
tals  known  to  be  biaxial  (orthorhombic,  monoclinic,  triclinic),  a,  0, 
and  y  should  be  employed  to  designate  the  principal  indices;  “primes” 
may  be  used  to  designate  intermediate  values,  as  a',  0" ,  etc. 

When  the  refractive  indices  as  measured  are  not  readily  related  to 
the  principal  values,  they  may  be  designated  as  m,  n-i,  m,  and  their 
relationship  to  the  observed  crystal  habit  should  be  clearly  indicated 
by  a  drawing  or  otherwise. 

Np,  Nm,  Ng  should  not  be  used  instead  of  the  Greek  letters,  to 
designate  principal  refractive  indices. 

Principal  vibration  directions  (axes  of  elasticity)  should  be  desig¬ 
nated  by  the  Greek  letters  as  used  for  the  respective  refractive  indices. 

O  and  E,  corresponding  to  u  and  e,  and  X,  Y ,  Z,  corresponding  to  a, 
0,  y,  may  also  be  used. 

The  views  which  best  exhibit  principal  values  of  refractive  index 
should  be  indicated,  for  ease  in  checking  values  by  other  observers. 

4.  Color  and  pleochroism.  These  should  be  observed  on  thick 
crystals;  unless  very  marked,  the  former  may  sometimes  be  more 
apparent  with  dark-field  illumination. 


Pleochroism  should  be  sought  in  all  colored  anisotropic  crystals,  and 
should  be  described  with  reference  to  the  vibration  directions  for  each 
observed.  A  mere  statement  that  “a  red-yellow  pleochroism  is  ob¬ 
served”  is  not  adequate;  the  respective  orientation  for  each  color 
should  be  given. 

Surface  color  and  reflection  pleochroism  may  be  observable  on 
highly  colored  materials. 

5.  Interference  figures,  indicating  uniaxial  or  biaxial  and  positive 
or  negative  character. 

These  should  be  obtained  if  at  all  possible,  even  when  refractive 
indices  are  not  observed,  or  as  a  check  on  the  latter.  The  quality  of 
the  interference  figure  obtained,  and  the  orientation  that  best  exhibits 
it,  should  be  stated. 

The  axial  plane,  acute  bisectrix,  and  optic  axial  angle  should  be  re¬ 
ported,  often  best  by  means  of  one  or  more  drawings.  The  value  given 
for  the  optic  axial  angle  should  be  consistent  with  the  accuracy  of  the 
determination;  2V  is  preferable,  provided  0  is  known  approximately; 
2E  and  2H  may  also  be  given.  In  any  case,  the  method  of  determina¬ 
tion  (calculation  from  n’s,  estimation,  or  measurement  by  a  universal 
stage)  should  be  stated. 

Dispersion  of  refractive  indices,  of  birefringence,  or  of  optic  axes  or 
axial  plane  should  be  reported  if  possible,  particularly  when  marked 
enough  to  be  readily  observable  with  ordinary  apparatus  or  specimens. 

Tabulation  of  optical  properties  is  desirable  where  several  sub¬ 
stances  are  studied  and  compared,  but  usually  the  necessary  condensa¬ 
tion  and  use  of  symbols  will  involve  a  sacrifice  of  clarity  and  ease  of 
interpretation  by  semiskilled  observers.  Additional  separate  descrip¬ 
tive  paragraphs  on  each  substance  are  therefore  highly  desirable. 

Phase  changes  involving  crystals  (polymorphism,  desolvation, 
etc.)  should  be  reported  whenever  noticed.  Observations  and 
conclusions  drawn  from  them  should  be  clearly  differentiated. 

If  enantiotropic  (reversible)  polymorphism  exists,  the  approximate 
transition  temperature  should  be  determined,  together  with  the 
method  of  observing  it.  The  properties  of  the  high-  and  low-tempera¬ 
ture  phases,  and  the  ease  and  manner  of  the  transformation  from  one 
to  the  other  should  be  given. 

If  monotropic  (irreversible)  polymorphism  exists,  the  properties  of 
the  stable  and  metastable  phases  should  be  given,  and  also  the 
method  by  which  the  metastable  phase  may  be  consistently  ob¬ 
tained. 

Unless  the  system  is  fully  established,  the  use  of  Greek  letters  (a 
for  the  lowest  temperature  phase,  etc.)  is  not  advisable;  Roman 
numerals  are  preferable  designations. 


NBS  Spectrographic  Steel  Standards 

Nickel-Molybdenum  Steel  (SAE  4620)  is  now  being  issued  in  two 
sizes — standard  No.  419,  7/32-inch  rod,  and  standard  No.  819,  Vz-inch 
rod — with  the  following  percentage  composition :  Mn  0.72,  Cu  0.080, 
Si  0.27,  Ni  1.71,  Cr  0.24,  Mo  0.22,  and  Sn  0.009.  Price  per  sample  is 
S3. 00. 

Open  Hearth  Ingot  Iron  is  now  being  issued  in  two  sizes — standard 
No.  420,  7/32-inch  rod,  and  standard  No.  820,  l/2-inch  rod — with  the 
following  percentage  composition:  Mn  0.020,  Cu  0.050,  Ni  0.020, 
Cr  0.006,  Co  0.007,  Mo  0.002,  A]  0.002,  and  Sn  0.005.  Price  per 
sample  is  $3.00. 


Certification  of  Values  for  Low  Concentrations  of  Aluminum 
and  Tin  in  Samples  Previously  Issued 

Caution.  For  determination  of  small  amounts  of  aluminum,  use  of 
alumina-base  abrasives  in  cleaning  and  shaping  rods  must  be  avoided  and 
outer  cylindrical  surface  of  7/32-inch  standards  must  be  removed  to  a  depth  of 
0.002  inch. 


Standard 

Aluminum 

Standard 

Tin 

% 

% 

403,  803 

0.005 

412, 812“ 

0.026 

400,  806 

0.023 

414,  .  . 

0.014 

407,  807 

0.055 

417, 817 

0.020 

414,  .  . 

0.020 

419,  819 

0.009 

416,  816 

1.06 

420,  820 

0.005 

417,817 

0.013 

420,820 

0.002 

“  Sample  812  now  out  of  stock  but  certified  tin  value  will  apply  to  samples 
previously  issued. 


A  general  certificate  of  analysis  of  steel  standards  revised  to  include 
the  new  standards,  other  than  boron  steels,  is  furnisfied  with  ship¬ 
ments  of  standards. 

Of  the  standards  originally  issued,  Nos.  810,  811,  and  812  are  out  of 
stock  and  cannot  be  supplied. 
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Flame  Photometry 

A  Rapid  Analytical  Procedure 

R.  BOWLING  BARNES,  DAVID  RICHARDSON1,  JOHN  W.  BERRY,  and  ROBERT  L.  HOOD 
Stamford  Research  Laboratories,  American  Cyanamid  Company,  Stamford,  Conn. 


A  new  instrument  has  been  developed  to  make  possible  the  rapid 
quantitative  determination  of  the  alkali  metals  (primarily  sodium 
and  potassium)  in  aqueous  solution.  The  principle  of  operation  of 
the  instrument  is  based  upon  the  quantitative  measurement  of  the 
characteristic  light  emitted  when  a  solution  of  the  metal  is  atomized 
as  a  mist  into  a  gas  flame.  Details  of  construction  and  operation 
are  given.  An  average  solution  may  be  analyzed  for  both  the 
sodium  and  potassium  contents  in  a  few  minutes’  time  with  an  aver¬ 
age  accuracy  of  ±3%  of  the  amounts  of  these  elements  which  are 
present.  Several  applications  of  the  method  are  discussed,  together 
with  the  analytical  procedures  employed. 


THE  urgent  need  for  extremely  rapid  and  accurate  sodium 
determinations  on  large  numbers  of  samples  led  to  the 
development  of  the  flame  photometer.  With  this  instrument  as 
many  as  150  sodium  determinations  on  water  samples  low  in 
sodium  have  been  completed  in  a  single  hour’s  time  with  an  aver¬ 
age  accuracy  of  about  =*=3%  of  the  amount  of  the  sodium  present. 
The  flame  photometer  is  simple  in  construction,  its  operation 
requires  no  excessive  training  on  the  part  of  the  analyst,  and  the 
samples  used  require  a  minimum  of  preparation.  Although  orig¬ 
inally  constructed  for  performing  sodium  determinations,  its 
usefulness  has  been  extended  to  include  other  alkali  metals  and 
various  alkaline  earths. 

A  survey  of  previously  used  chemical  methods,  including  the 
zinc  uranyl  acetate  method  of  Barber  and  Kolthoff  (1),  revealed 
that  satisfactory  quantitative  sodium  determinations  require  a 
considerable  amount  of  sample  preparation  and  are  rather  time- 
consuming.  This  is  particularly  true  in  the  cases  of  samples  in 
which  only  traces  of  sodium  are  present,  or  which  contain  other 
cations  in  appreciable  quantities.  Accordingly,  a  physical  ap¬ 
proach  to  this  analytical  problem  was  undertaken  in  the  hope 
that  a  suitable  method  could  be  found  which  would  meet  the  re¬ 
quirements  of  analytical  speed  and  accuracy,  would  necessitate 
a  minimum  of  sample  handling  and  preparation,  and  at  the  same 
time  would  not  require  the  use  of  expensive  or  complicated 
equipment.  Although  many  well-known  physical  methods  were 
tried  and  tested,  only  flame  photometry  was  found  to  satisfy 
all  the  above  requirements. 

Possibly  the  most  widely  known  spectroscopic  phenomenon  is 
the  fact  that  sodium  when  introduced  into  a  flame  emits  a  char¬ 
acteristic  yellow  light,  its  intensity  being  a  function  of  the  amount 
of  sodium  present  in  the  flame.  This  emission  by  atoms  of  char¬ 
acteristic  radiation  when  thus  excited  by  high  temperatures 

1  Present  address,  Fisher  Scientific  Company,  Pittsburgh,  Pa. 


or  by  electrical  means  forms  the  basis  of  the  analytically  impor¬ 
tant  subject  of  emission  spectroscopy.  A  review  of  the  spectro- 
chemical  procedures  employed  for  the  determination  of  sodium 
indicated  that  the  Lundeg&rdh  method  ( S ,  6-10 )  has  been  suc¬ 
cessfully  applied  to  the  analysis  of  many  metallic  elements  in¬ 
cluding  the  alkali  metals.  In  this  method,  which  has  recently 
been  modified  and  called  the  air-acetylene  flame  method  {2), 
the  sample  to  be  analyzed  is  put  into  aqueous  solution  and 
sprayed  under  controlled  conditions  into  an  acetylene  flame. 
This  is  usually  accomplished  by  means  of  a  specially  constructed 
atomizer  and  burner  in  which  the  air  and  acetylene  are  carefully 
regulated  to  produce  constant  burning  conditions.  The  light 
from  the  Lundeg&rdh  flame  enters  the  slit  of  a  spectrograph  and 
spectrograms  are  prepared,  which  in  turn  may  be  photometered 
in  order  to  obtain  the  intensities  of  the  characteristic  spectral 
lines  recorded.  After  carefully  calibrating  with  solutions  of 
known  composition  and  concentration,  it  is  readily  possible  to 
correlate  the  intensity  of  a  given  spectral  line,  such  as  the  sodium 
line,  of  the  unknown  sample  with  the  amount  of  that  particular 
element  present.  The  use  of  the  high-temperature  acetylene 
flame  causes  a  great  many  of  the  metals  contained  in  the  sample 
to  emit  characteristic  radiations.  This  fact  has  led  most  workers 
to  the  use  of  a  spectrograph  to  isolate  and  measure  the  intensi¬ 
ties  of  these  spectral  lines.  Although  accurate  and  versatile, 
this  method  requires  a  very  considerable  amount  of  manipulation 
and  equipment. 

Jansen,  Heyes,  and  Richter  {5),  by  making  use  of  a  mono¬ 
chromator  to  isolate  the  desired  region  of  the  spectrum  and  a 
photocell  and  electrometer  to  measure  the  intensity  of  the  lines, 
successfully  determined  the  alkali  metals  and  alkaline  earths  in 
solutions  sprayed  into  a  flame,  while  Heyes  (4)  later  succeeded  in 
applying  the  method  to  other  metals. 

A  somewhat  simpler  technique  for  the  determination  of  potas¬ 
sium  was  developed  by  Schuhknecht  {12).  The  apparatus  con¬ 
sists  of  a  Lundeg&rdh  acetylene  flame  source  placed  before  a  box 
containing  a  phototube  and  suitable  filters  for  isolating  the  red 
potassium  wave  lengths.  The  method  of  operation  is  similar  to 
that  described  below.  Apparently  the  Schuhknecht  method  has 
been  applied  with  considerable  success  in  the  analysis  of  samples 
of  soils,  fertilizers,  and  plant  materials  in  Germany.  Two  in¬ 
struments  based  on  this  principle  have  been  manufactured  by 
German  companies  (Siemens  and  Zeiss)  and  descriptions  of  both 
can  be  found  in  an  article  by  Schmitt  and  Breitweiser  {11). 

Consideration  of  the  flame  as  a  source  led  to  the  development  of 
a  lower  temperature  method  described  below,  which  is  called 
flame  photometry. 
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Figure  1.  Characteristic  Flame  Spectra  Produced  in  Illuminating 

Gas  Flame 

FLAME  PHOTOMETRy 

A  very  simple  instrument  has  been  developed  wherein  a  solu¬ 
tion  to  be  analyzed  is  atomized  into  the  air  intake  of  a  flame 
under  controlled  conditions  and  the  emitted  light  characteris¬ 
tic  of  the  element  in  question  is  isolated  and  accurately  photom- 
etered.  If  the  temperature  of  the  flame  is  not  too  high,  only  a 
few  of  the  metals  which  may  be  present  in  the  sample  will  be 
caused  by  thermal  excitation  to  emit  characteristic  radiation. 
In  particular,  if  one  uses  as  a  fuel  for  the  flame  ordinary  illuminat¬ 
ing  gas  or  cylinder  gas  (Pyrofax),  only  the  atoms  of  the  alkali 
metal  and  the  alkaline  earth  constituents  of  the  sample  will 
emit  light  in  appreciable  amounts.  This  is  particularly  impor¬ 
tant,  since  it  is  obvious  that  the  fewer  the  components  of  the 
sample  which  are  excited,  the  simpler  the  task  of  isolating  for 
photometric  purposes  the  light  characteristic  of  any  one  com¬ 
ponent. 

Figure  1  shows  the  most  prominent  wave  lengths  emitted  by 
various  metals  when  excited  by  a  flame  of  the  type  described 
above.  It  may  be  readily  demonstrated  that  any  one  of  these 
characteristic  radiations,  if  isolated  by  passage  through  proper 
filters,  will,  upon  striking  a  photosensitive  element,  give  rise  to  an 
electrical  impulse  which  is  a 
function  of  the  quantity  of  the 
respective  metal  present  in  the 
sample.  The  above  is  true 
provided  the  burning  condi¬ 
tions  of  the  flame  and  the  rate 
of  atomization  can  be  kept  con¬ 
stant.  The  flame  photometer 
is  an  instrument  wherein  the 
above  requirements  for  analysis 
may  be  met. 

LABORATORY  MODEL  FLAME 
PHOTOMETER 

A  recent  model  flame  photom¬ 
eter  for  routine  laboratory 
use  is  shown  in  Figure  2.  The 
schematic  drawing  of  this  in¬ 
strument,  Figure  3,  indicates 
the  arrangement  of  its  various 
parts. 

In  successful  flame  photom¬ 
etry,  the  chief  prerequisite 
is  the  establishment  of  suffi¬ 
ciently  stable  flame  conditions, 
so  that  solutions  of  various  con¬ 
centrations  may  be  successively 
brought  to  excitation  in  the 
flame  without  such  conditions 
changing  sufficiently  to  in¬ 
fluence  the  quantitative  light 
output  being  measured.  ' 


R  and  R2  are  pressure  regulators  controlled  by  knobs  K  and 
K 2,  for  the  atomizer  air  and  the  burner  gas,  respectively,  the 
pressures  used  being  indicated  by  G  and  G2.  The  operator  may 
readily  establish  identical  conditions  each  time  the  photometer  is 
placed  in  operation.  The  flow  of  air  through  capillary  E  past  the 
tip  of  the  sample  tube,  F,  atomizes  the  sample  solution  which  is 
introduced  through  the  funnel,  W.  The  larger  droplets  of  the 
solution  condense  on  the  inner  walls  of  the  glass  atomizer  bulb,  A, 
and  run  off  to  the  drain,  D,  while  a  fine  mist  of  the  sample  is 
carried  by  the  air  stream  to  the  mixing  chamber,  C,  at  the  base 
of  the  Fisher  burner  where  it  is  thoroughly  mixed  with  the  gas 
entering  the  burner.  Natural  draft  created  by  the  burner  pre¬ 
vents  the  escape  of  any  of  the  mist  through  the  loosely  fitting 
collar  of  C;  indeed,  very  considerable  air  in  excess  of  that  sup¬ 
plied  through  the  atomizer  is  drawn  in  around  this  collar  to  sup¬ 
port  the  combustion  of  the  flame. 

Whereas  the  atomizer  tips  may  be  made  of  glass  as  indicated 
in  Figure  3,  a  preferred  atomizer  may  readily  be  made  using 
stainless  steel  hypodermic  needles  (see  Figure  4).  This  type  of 
atomizing  unit  is  introduced  into  a  chamber  similar  to  the  one  in 
Figure  3,  but  with  a  large  opening  in  the  top  of  the  bulb  into 
which  the  unit  fits  by  means  of  a  rubber  stopper. 

Burner  B,  Figure  3,  is  supplied  with  regulated  gas,  its  flow 
being  controlled  by  the  needle  valve,  N.  In  burning  certain 
types  of  bottled  gases,  this  needle  valve  has  been  replaced  by  a 
fixed  orifice. 

Light  from  the  flame  passes  to  the  optical  system  of  the  photom¬ 
eter  through  a  window,  H,  in  the  chimney,  Q,  so  dimensioned 
as  to  exclude  all  light  from  the  grid  of  the  burner  and  from  the 
unsteady  edges  and  top  of  the  flame.  The  light  then  passes 
horizontally  through  lens  L2,  is  reflected  downwards  by  the  45° 
mirror,  M ,  through  lens  L  and  through  the  filter  system  housed  in 
container  V  to  the  coolest  part  of  the  instrument,  where  it  falls 
upon  the  surface  of  the  barrier  layer  photocell,  P.  Wires,  not 
shown,  connect  the  photocell  through  the  toggle  switch,  T,  to 
coarse  and  fine  controlling  rheostats  and  finally  to  the  galvanom¬ 
eter  jacks,  J.  The  rheostats,  S  and  S 2,  enable  the  operator  to 
control  the  sensitivity  of  the  instrument  by  shunting  the  gal¬ 
vanometer,  while  retaining  the  desired  damping  resistance. 

While  any  galvanometer  may  be  used  which  has  sufficient  sen¬ 
sitivity,  and  a  critical  damping  resistance  compatible  with  the 
resistance  of  the  photocell,  the  authors  prefer  one  of  the  indicat¬ 
ing  box  type  as  shown  in  Figure  2. 


Figure  2.  Laboratory  Model  Flame  Photometer 


October,  1945 
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Figure  3.  Diagram  of  Flame  Photometer 


calibration  curves  for  a  flame 
photometer  of  the  type  shown 
in  Figure  2. 

Curve  1,  in  which  10  p.p.m. 
are  set  to  read  100  on  the 
galvanometer,  is  so  nearly 
linear  that  results  may  be  in¬ 
terpolated  directly  from  the 
meter  readings.  Curve  2,  100 
p.p.m.  full  scale,  is  not  so 
nearly  linear,  and  accordingly 
the  use  of  a  calibration  curve 
is  recommended.  Curves  3 
and  4,  with  1000  and  10,000 
p.p.m.  at  full  scale,  are  very 
appreciably  curved  and  be¬ 
come  very  low  in  slope  toward 
the  upper  end  of  the  range. 
Probably  self-absorption — 
i.e.,  absorption  of  the  sodium 
light  by  the  cooler  atoms 
around  the  periphery  of  the 
flame — plays  a'  role  in  this 
dropping  off  of  sensitivity. 
In  general,  it  will  be  most  con¬ 
venient  to  dilute  the  average 
sample  to  a  range  below  100 
p.p.m.,  so  curve  2  may  be 
used.  By  such  dilutions, 
the  dangers  of  excessive  con¬ 
tamination  and  corrosion  of 
the  burner  are  avoided  and 
smaller  samples  of  the  original 
solutions  will  be  required. 

When  using  such  highly  di¬ 
luted  samples,  care  must  be 
exercised  to  avoid  contamina- 


ANALYSIS  FOR  SODIUM  OR  POTASSIUM 

In  using  the  flame  photometer  the  procedure  is  extremely 
simple.  A  set  of  concentrated  stock  solutions  containing,  say 
1000  p.p.m.  of  sodium  and  potassium,  respectively,  are  pre¬ 
pared  and  stored  in  glass-stoppered  No-Sol-Vit  bottles.  These 
stock  solutions  may  be  preserved  for  several  months,  and  from 
them  dilutions  to  any  desired  concentration  may  be  made  very 
readily.  Once  satisfactory  conditions  have  been  established 
for  the  gas  and  the  air  pressures,  the  diluted  standards  may  be 
used  to  calibrate  the  instrument  for  a  variety  of  ranges  for  each 
element.  As  long  as  the  flame  and  atomizer  conditions  are  kept 
constant,  it  is  usually  only  necessary  to  check  the  upper  and 
lower  ends  of  the  proper  range  calibration  curve  when  placing  the 
instrument  in  operation. 

The  procedure  for  calibrating  the  instrument  for  a  given  metal 
is  as  follows: 

With  the  flame  burning  properly  and  the  correct  filters  in  place, 
distilled  metal-free  water  is  introduced  into  the  atomizer,  and 
the  galvanometer  is  set  to  read  zero. 

After  the  zero  reading  is  set,  the  sensitivity  can  be  adjusted 
by  the  introduction  of  the  standard  solution  selected  to  be  the 
upper  end  of  the  desired  concentration  range.  To  do  this  the 
control  rheostats  are  adjusted  so  that  the  galvanometer  reads  100. 
Several  standards  of  lower  concentration  are  introduced  in  turn 
and  the  respective  readings  noted.  These  readings,  plotted  as 
ordinates  versus  the  concentrations  as  abscissas,  result  in  a 
satisfactory  calibration  curve.  Once  the  proper  calibration 
curve  has  been  established,  it  is  unnecessary  to  repeat  this  en¬ 
tire  procedure.  It  is  only  necessary,  at  the  beginning  of  each 
set  of  readings,  to  adjust  the  instrument  so  that  demineralized 
water  reads  0  and  the  upper  standard  chosen  reads  full  scale  or 
100.  For  exact  work  these  two  readings  are  checked  after  the 
analysis  of  each  three  or  four  unknowns. 

For  practical  reasons  it  is  usually  desirable  to  dilute  most  un¬ 
knowns  to  100  p.p.m.,  or  less,  of  the  metal;  the  reason  for  this 
is  evident  from  a  study  of  Figure  5,  which  shows  four  different 


tion  of  the  sample.  Such  solu¬ 
tions,  for  example,  cannot  be  kept  safely  for  any  length  of  time  in 
ordinary  glass  containers,  because  of  the  likelihood  of  contamina¬ 
tion  from  the  glass.  In  transferring  these  highly  diluted  solutions, 
care  must  be  taken  not  to  touch  the  inside  of  any  of  the  glassware, 
stoppers,  etc.  An  interesting  demonstration  may  be  made  by 
filling  the  atomizer  funnel  with  metal-free  water  and  then  dip¬ 
ping  a  finger  tip  into  this  water  for  about  one  second.  A  reaiing 
of  10  to  20  p.p.m.  of  sodium  is  usually  obtained. 

The  sensitivity  of  the  instrument  shown  in  Figure  2  is  such 
that  10  p.p.m.  of  sodium  (or  50  p.p.m.  of  potassium)  may  easily 
be  set  to  read  full  scale  on  the  galvanometer  (100  divisions). 
The  normal  rate  of  atomization  of  a  sample  into  the  instrument 
is  in  the  order  of  5  to  10  ml.  per  minute.  It  is  thus  possible  to 
determine  the  metal  content  of  a  2-  or  3-ml.  sample.  In  general, 
however,  it  is  preferable  to  have  on  hand  a  sample  of  approxi¬ 
mately  10  ml.  for  assurance  in  determining  the  true  rest  point  of 
the  galvanometer. 

ACCURACY  OF  THE  METHOD 

In  order  to  determine  the  average  accuracy  of  the  flame  photom¬ 
eter,  two  series  of  fifty  solutions  each  of  sodium  and  of  potas¬ 
sium,  respectively,  were  prepared  and  submitted  to  a  second  staff 
member  for  analysis  as  “unknowns”.  In  preparing  these  stand¬ 
ard  unknowns,  pure  sodium  and  potassium  carbonates  were  ob¬ 
tained,  weighed  accurately  into  volumetric  flasks,  and  made 
slightly  acid  by  the  addition  of  various  acids,  thus  forming 
samples  of  nitrates,  phosphates,  sulfates,  acetates,  and  carbon¬ 
ates  in  which  the  amounts  of  the  various  cations  were  accurately 
known.  Since  the  purpose  of  this  experiment  was  to  determine 
the  average  accuracy  of  the  method  under  conditions  duplicating 
those  of  actual  daily  analyses,  the  same  procedure  was  followed 
in  each  pase.  Each  sample  was  atomized  once  in  the  instrument 
and  one  galvanometer  reading  taken,  the  operator  then  proceed¬ 
ing  to  the  next  sample.  After  completing  each  series  of  un¬ 
knowns,  the  above  measurements  were  repeated.  As  standard 
solutions  for  calibration  in  these  experiments,  pure  sodium  and 
potassium  chloride  solutions  were  used,  made  up  from  analytical 
grade  reagents. 
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Table  I  is  typical  of  the  manner  in  -which  the  results  were  re¬ 
corded  and  averaged.  Ten  solutions  of  sodium  carbonate  of  known 
concentrations  are  listed  in  column  I.  Column  II  represents  the 
analysis  obtained  the  first  time  the  solutions  were  atomized  in 
the  instrument,  and  column  IV  gives  similar  data  for  the  repeat 
analysis.  Columns  III  and  V  show  the  errors  for  the  single  deter¬ 
minations  of  analyses  1  and  2,  in  terms  of  per  cent  of  the  ele¬ 
ment  present.  Column  VI  shows  the  average  error  obtained  when 
analyses  1  and  2  were  averaged.  The  average  errors  (disregarding 
sign)  for  the  first  and  second  set  of  ten  single  determinations, 
as  well  as  the  average  error  of  the  duplicate  determinations,  are 
shown  at  the  bottom  of  the  table. 

Table  II  represents  the  summary  of  ten  tables  such  as  Table  I. 
The  ten  salts  used  to  make  the  analytical  solutions  are  shown  in 
column  I.  Average  errors  for  the  first  and  second  set  of  ten 
single  analyses  are  shown  in  columns  II  and  III,  and  the  average 
errors  for  each  group  of  ten  solutions  analyzed  in  duplicate  are 
shown  in  column  IV. 


Figure  4.  Metal  Atomizer 

Stainless  steel  hypodermic  needles,  SO-  and  22-gage,  used  as  tips 

1.  Rubber  stopper  3.  Liquid  Feed 

2.  Air  Feed  4.  Adjusting  screws 


As  may  be  seen,  the  average  error  made  in  200  single  deter¬ 
minations  is  ±3.0%  of  the  amount  of  metal  present,  whereas 
that  for  samples  determined  in  duplicate  is  ±2.8%.  Such  results 
compare  favorably  with  those  obtained  by  standard  spectro 
graphic  procedures  and  also  by  chemical  procedures  where  dilute 
solutions  of  sodium  or  potassium  are  being  analyzed. 

In  certain  test  cases  individual  samples  have  been  analyzed  re¬ 


Table  1. 

Sodium 

Carbonate 

I 

II 

IV 

VI 

Sodium 

Analysis 

III 

Analysis 

V 

Average 

Solution 

Added 

1 

Error 

2 

Error 

Error 

P.p.m. 

P.p.m . 

% 

P*p.m. 

% 

% 

1 

8.73 

8.3 

-4.93 

8.7 

-0.34 

-2.63 

2 

13.1 

12.9 

-1.53 

13.3 

+  1.53 

-0.00 

3 

21.8 

21.2 

-2.75 

21.5 

-1.38 

-2.07 

4 

26.2 

26.8 

+  2.29 

26.8 

+  2.29 

+2.29 

5 

34.9 

34.2 

-2.00 

35.1 

+  0.57 

.  -0.72 

6 

39.3 

40.4 

+  2.80 

40.4 

+  2.80 

+  2.80 

7 

48.0 

47.7 

-0.63 

48.8 

+  1.67 

+  0.52 

8 

56.8 

57.8 

+  1.76 

57.5 

+  1.41 

+  1.58 

9 

61.0 

60.2 

-1.31 

63.0 

+  3.28 

+  0.94 

10 

78.6 

80.0 

+  1.78 

80.0 

+  1.78 

+  1.78 

Average  error  2.18 

2.01 

1.53 

I 

Table  II. 

II 

Summary 

III 

Average  Error 

IV 

Salt 

Analysis  1 

Analysis  2 

Analyses  1  and  2 

% 

% 

% 

Sodium  acetate 

4.35 

3.76 

4.07 

Sodium  carbonate 

2.18 

2.01 

1.53 

Sodium  nitrate 

4.38 

5.83 

5. 11 

Sodium  phosphate 

2.34 

1.89 

1.92 

Sodium  sulfate 

1.61 

1.77 

1.47 

Potassium  acetate 

3.85 

4.01 

3.65 

Potassium  carbonate 

2.42 

2.15 

1.44 

Potassium  nitrate 

3.41 

2.69 

3.05 

Potassium  phosphate 

3.17 

3.95 

3.55 

Potassium  sulfate 

2.52 

1.74 

2.01 

Av.  3.02 

2.98 

Av.  du- 

plicate  2.78 


peatedly  and  the  results  averaged  to  obtain  even  more  accurate 
results.  Since  the  method  is  so  rapid,  this  procedure  may  readily 
be  accomplished  in  a  few  minutes.  Thus,  by  making  a  series  of 
ten  separate  readings  on  a  given  sample,  checking  the  instrument 
calibration  between  each  determination  and  averaging  these 
results,  the  average  error  may  be  reduced  to  approximately 
1%.  In  twenty  such  cases  the  average  error  was  ±1.4%.  All 
measurements  and  manipulations  for  a  given  sample  were  com¬ 
pleted  within  15  minutes. 

The  precision  of  the  method  as  expressed  by  the  average  devia¬ 
tion  of  a  single  measurement  from  the  arithmetical  mean  of  ten 
single  determinations  is  2.8%  of  the  mean.  This  value  was  also 
obtained  from  the  analysis  of  twenty  different  solutions,  ten  of 
sodium  and  ten  of  potassium,  each  solution  being  analyzed  ten 
times. 

ANALYSIS  FOR  CALCIUM 

It  has  long  been  established  that  the  flame  spectra  of  a  number 
of  elements  are  sufficiently  unique  to  enable  one  to  use  them  for 
analytical  purposes. 

The  extension,  however,  of  the  above-described  method  to  the 
analysis  for  metals  other  than  sodium  and  potassium,  while 
theoretically  possible,  is  fraught  with  certain  experimental  dif¬ 
ficulties.  In  general,  analyses  by  flame  spectra  have  been  per¬ 
formed  either  as  qualitative  flame  tests  or  as  quantitative  analy¬ 
ses  in  which  some  type  of  spectrometer  was  employed.  In 
the  case  of  the  former,  the  human  eye  alone  is  used  as  the  de¬ 
tector  and  since  the  eye  does  not  resolve  mixed  colors  into  their 
component  wave  lengths,  a  wide  range  of  flame  shades  must  be 


Figure  5.  Typical  Calibration  Curves  for  Flame  Photometer 


October,  1945 


ANALYTICAL  EDITION 


609 


Figure  6.  Calibration  Curves  for  Three  Calcium 
Compounds 

Calcium  chloride  (200  p.p.m.)  used  to  standardize  instrument  at  full 
scale 

recognized.  Many  of  these  shades  can  be  correlated  with  the 
simultaneous  presence  of  two  or  more  elements  in  the  sample 
introduced  into  the  flame.  Through  the  use  of  a  spectrometer 
of  sufficiently  high  dispersion,  the  light  from  flames  can  readily 
be  resolved  into  characteristic  lines  and/or  band  systems  which, 
when  photometered,  yield  quantitative  information  regarding 
the  composition  of  the  sample. 

In  the  design  of  the  present  flame  photometer  only  a  simple 
filter  system  has  been  provided;  accordingly,  the  use  of  this 
instrument  is  limited  to  those  samples  containing  elements 
whose  flame  spectra  can  be  isolated  by  available  filters.  In 
many  cases,  however,  examination  of  the  flame  with  a  small  hand 
spectroscope  provides  additional  information  of  a  qualitative 
nature. 

A  considerable  amount  of  work  has  been  done  on  the  applica¬ 
tion  of  this  method  to  the  determination  of  calcium.  Already  the 
flame  photometer  has  performed  well  in  the  analysis  of  this  ele¬ 
ment  in  many  cases  where  sodium  did  not  appear  in  high  concen¬ 
trations.  For  example,  in  samples  in  which  only  calcium  and 
magnesium  are  present,  the  calcium  content  may  be  determined 
readily,  as  shown  in  Table  III.  Unfortunately,  in  the  case  of 
one  of  the  most  important  clinical  analyses — -namely,  the  deter¬ 
mination  of  blood  and  urine  calciums — the  situation  is  not  en¬ 
tirely  favorable.  In  such  samples,  sodium  is  approximately  25 
times  as  prevalent  as  calcium,  and  with  the  best  filter  system 
so  far  found  a  correction  of  some  30  to  40%  of  the  calcium  read¬ 
ing  has  been  necessary  to  account  for  the  fraction  of  the  sodium 
light  passing  the  filters.  It  will  probably  be  impossible  to  elimi¬ 
nate  the  necessity  for  such  a  correction  by  means  of  simple  filters 
alone,  for  the  sodium  flame  does  actually  emit  some  light  in  the 
spectral  region  of  the  calcium  bands. 

Another  difficulty  encountered  in  performing  calcium  analyses 
arises  from  the  very  origin  of  the  calcium  spectrum.  In  contrast 
to  the  alkali  metals,  which  emit  line  spectra  that  are  relatively 
easy  to  isolate  by  filters,  calcium  emission  is  largely  a  band  sys¬ 
tem.  Since  this  band  system  originates  from  the  thermal  ex¬ 
citation  of  calcium-containing  molecules  (probably  the  oxide  or 
chloride),  it  might  be  expected  that  the  anion  associated  with  the 
calcium  would  exert  some  influence  upon  the  intensity  and  char¬ 
acter  of  the  emission.  Experimentally,  this  is  the  case,  as  may  be 
seen  from  the  calcium  calibration  curves  of  Figure  6.  From  these 
curves  it  is  clear  that  the  standards  used  in  the  flame  photom¬ 
etry  of  calcium  must  be  prepared  from  the  same  compound  or 
compounds  in  the  same  ratio  as  that  contained  in  the  unknowns 
being  analyzed.  Otherwise,  chemical  pretreatment  of  all  un¬ 


knowns  is  necessary  in  order  to  convert  all  of  the  calcium  to  the 
same  form. 

CONSTRUCTION  OF  THE  FLAME  PHOTOMETER 

The  previous  discussion  has  been  limited  to  the  particular 
flame  photometer  shown  in  Figure  2.  Obviously  the  principle 
of  the  instrument  lends  itself  to  a  wide  variety  of  designs,  de¬ 
pending  very  largely  upon  the  specific  use  to  which  the  photom¬ 
eter  is  to  be  put.  As  a  matter  of  fact,  several  radically  dif¬ 
ferent  instruments  have  been  in  use  for  some  time.  The  simplest 
of  these,  designed  for  field  work,  is  portable  and  makes  use  of 
bottled  gas  and  a  small  motor-driven  air  compressor. 

The  photometer  itself  consists  essentially  of  six  parts — the 
pressure  regulators  for  gas  and  air,  the  atomizer,  the  burner,  the 
optical  system,  the  photosensitive  detector,  and  the  instrument 
for  indicating  or  recording  the  output  of  the  detector.  In  the 
following  sections  the  principal  requirements  for  each  of  these 
parts  are  discussed. 

Pressuhe  Regulators.  In  most  laboratories  the  gas  pres¬ 
sure  is  found  to  vary  to  such  an  extent  that  adequate  regula¬ 
tion  is  a  necessity  for  accurate  operation  of  the  flame  photometer. 
A  few  companies  build  pressure  regulators  which  suitably  regu¬ 
late  gas  pressures  at  the  low  pressures  generally  prevalent  in 
municipal  supplies.  In  certain  localities,  however,  the  gas  pres¬ 
sure  will  be  found  to  be  inadequate  to  provide  a  flame  of  proper 
burning  characteristics.  In  such  cases,  auxiliary  booster  pumps 
or  other  equipment  may  be  necessary. 

Always  possible  is  the  use  of  the  so-called  "bottled  gases” 
typified  by  one  sold  under  the  trade  name  of  Pyrofax.  Such  a 
gas  supply  has  been  found  ideal  for  the  flame  photometer,  since 
the  gas  may  be  supplied  to  the  burner  at  any  desired  constant 
pressure.  Suitable  gages  must  be  provided  to  indicate  the  pres¬ 
sures  actually  prevailing  when  the  instrument  is  in  operation, 
so  that  proper  adjustments  may  be  made  each  time  the  photom¬ 
eter  is  used.  A  15-inch  water  pressure  gage  for  city  gases, 
a  5-pound  gage  for  “bottled  gas”,  and  a  25-pound  gage  for  the  air 
supply  are  satisfactory. 

Burners.  The  main  requirement  of  the  burner  is  that  when 
supplied  with  gas  and  air  at  constant  pressures  it  shall  produce 
a  steady  flame. 

The  temperature  of  the  flame  must  be  high  enough  to  excite 
the  desired  metals,  primarily  the  alkali  metals,  to  emit  light,  but 
insufficient  to  excite  those  which  would  produce  interferences 
which  could  not  be  eliminated  by  the  optical  filter  system.  The 
Meker-type  Fisher  burner  has  been  found  very  satisfactory. 

In  certain  models  of  the  flame  photometer,  the  Fisher  blast 
lamp,  which  is  provided  with  a  pipe  connection  for  introducing 
air,  has  proved  most  advantageous.  I n  this  type  of  flame  photom¬ 
eter,  all  the  air  supplied  to  the  burner  passes  through  the 
atomizer.  The  main  advantages  of  this  arrangement  are  two¬ 
fold.  First,  since  all  the  air  for  the  burner  may  be  filtered,  the 
uncontrolled  introduction  of  sodium  or  potassium  in  the  form  of 
laboratory  dust  may  be  avoided.  Second,  the  steadiness  of  the 
flame  is  less  influenced  by  air  drafts  in  the  laboratory.  One  seri¬ 
ous  drawback,  however,  does  exist  in  the  fact  that  the  pressure 


Table  III.  Determination  of  Calcium 


Solution 

Calcium  Added 

Magnesium 

Added 

Calcium 

Determined 

P.p.m. 

P.p.m. 

P.p.m. 

1 

100 

0 

(100) 

2 

(used  as  standard) 
100 

100 

100 

3 

100 

500 

100 

4 

100 

1,000 

95“ 

5 

100 

10,000 

76“ 

6 

50 

0 

50 

7 

50 

500 

50 

8 

50 

1,000 

47“ 

9 

50 

10,000 

38“ 

“  In  contrast  to  what  might  be  expected,  that  the  presence  of  foreign 
ions  might  give  rise  to  positive  errors,  the  presence  of  such  ions  actually 
reduces  the  over-all  amount  of  emitted  light.  This  inhibitory  effect  seems 
to  be  general  and  must  certainly  be  considered  in  flame  photometry.  By 
using  for  calibration  standard  solutions  containing  approximately  the  same 
components  as  the  unknowns,  this  effect  may  be  minimized. 
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Table  IV.  Combinations  of  Corning  Glass  Filters  for  Flame 
Photometry 

Element  Combination 

Sodium  3482  and  9780 

(H.R.  Lantern  Shade  Yellow  +  Colorimeter  Blue  Green) 
Potassium  5850  and  2404 

(Blue-Purple  Ultra  +  H.R.  Dark  Red) 

Calcium  5120  (2  thicknesses) 

(Didymium)  +  liquid  filter  of  coned.  HC1  +  C11CI2 
Lithium  2404  +  liquid  filter  of  coned.  HC1  +  C11CI2 


through  the  atomizer  must  be  controlled  to  a  greater  extent 
than  in  the  case  of  the  arrangement  wherein  the  burner  draws 
practically  all  its  air  in  the  normal  manner.  So  far,  the  use  of 
this  type  of  burner  has  been  reserved  for  industrial  applications 
where  the  air  has  been  found  to  be  severely  contaminated  by  dust. 

A  chimney  surrounding  the  flame  serves  the  purposes  of  pro¬ 
tecting  the  flame  from  air  drafts,  providing  a  simple  means  for 
aperturing  the  flame  so  that  the  unsteady  light  from  the  grid 
of  the  burner  and  the  edges  and  tail  of  the  flame  will  not  reach 
the  photocell,  and  eliminating  stray  light  of  the  laboratory 
from  the  optical  system.  A  glass  window  over  the  chimney 
aperture  has,  on  occasion,  been  found  very  useful.  Sufficient 
ventilation  in  the  neighborhood  of  the  flame,  in  the  form  of  grid 
openings  or  louvres,  is  necessary  in  order  to  avoid  overheating. 

Atomizees.  The  function  of  the  atomizer  is  to  introduce  ex¬ 
ceedingly  fine  droplets  of  the  sample  in  aqueous  solution  into  the 
air  supply  for  the  burner.  Since  the  sample  solution  may  be 
either  acid  or  alkaline  or  contain  strong  oxidizing  or  reducing 
agents,  the  problem  of  corrosion  is  important.  Atomizers  of  glass 
or  stainless  steel  have  been  found  to  give  very  satisfactory  service, 
and  it  is  probable  that  atomizers  made  of  hard  rubber  or  a  suit¬ 
able  resin  would  also  perform  well.  Two  general  types  of  atomiz¬ 
ers  have  been  used  in  the  instruments  described  in  this  paper. 

The  first  type  is  made  with  two  capillary  tubes  sealed  into 
the  walls  of  a  glass  flask  in  such  a  way  that  their  bores  are  per¬ 
pendicular  to  each  other.  The  blast  of  air  from  the  tip  of  one 
capillary  causes  a  suction  in  the  other  sufficient  to  draw  the 
sample  through  it.  The  sample  thus  entering  the  air  stream  is 
broken  into  fine  droplets,  the  larger  of  which  collect  on  the  walls 
of  the  flask  and  flow  into  the  drain.  The  smaller  droplets,  com¬ 
prising  a  virtual  fog,  are  carried  by  the  air  stream  into  the  burner 
where  they  are  thoroughly  mixed  with  the  normal  burner  gases. 
A  second  type  atomizer  may  be  made  as  shown  in  Figure  4, 
using  two  stainless  steel  hypodermic  needles.  This  atomizer 
has  the  important  advantage  of  allowing  for  removal  of  tips 
for  cleaning  or  changing  to  different  bore  sizes,  depending  upon 
the  viscosity  of  the  sample  to  be  atomized. 

A  third  type,  shown  in  Figure  7,  is  constructed  of  two  concen¬ 
tric  glass  tubes.  The  inner  tube,  through  which  the  air  passes, 
is  constricted  to  form  an  orifice  about  1  mm.  in  diameter,  while 
that  of  the  orifice  in  the  outer  tube  is  about  2  mm.  The  sample 
is  introduced  into  the  annular  space  between  the  two  tubes 
through  a  side  arm.  These  two  tubes  may  be  sealed  together 
to  form  a  single  unit  or  joined  by  means  of  an  interchangeable 
ground-glass  seal.  The  latter  method  allows  easy  cleaning  and 
adjusting  of  the  tips. 

As  a  result  of  the  suction  at  the  orifice  of  the  sample  tube,  it  is 
possible  to  introduce  the  sample  in  two  ways.  Instead  of  pouring 
the  sample  into  a  funnel  as  shown  in  Figure  3,  it  may  be  sucked 
upwards  from  a  beaker  through  a  bent  capillary  sample  tube. 
The  suction  is  sufficient  to  raise  the  sample  several  inches  with 
ease. 

Optical  System.  The  obvious  function  of  the  optical  system 
is  to  collect  the  light  from  the  steadiest  part  of  the  flame,  render 
it  monochromatic,  and  then  to  focus  it  onto  the  photosensitive 
surface.  Although  any  type  of  lens  may  be  used,  such  as  a  flask 
filled  with  water,  Fresnel  lenses  of  heat-resisting  glass  having 
high  numerical  apertures  have  been  found  most  satisfactory. 
High  optical  quality  is  not  essential. 

To  isolate  the  desired  light,  combinations  of  simple  filters 
have  been  found  satisfactory,  the  particular  filters  used  depending 
upon  the  metal  being  measured,  and  the  spectral  response  curve 
of  the  detecting  device.  Table  IV  lists  some  of  the  filter  com¬ 
binations  used  so  far.  As  the  use  of  the  flame  photometer  is  ex¬ 


tended,  other  more  refined  devices  for  producing  monochromatic 
light  may  be  required. 

Photosensitive  Detectoes.  In  the  flame  photometer,  any 
photoelectric  device  may  be  used  as  a  detector,  provided  it  has  a 
response  in  the  part  of  the  spectrum  to  be  used,  and  a  sensitivity 
high  enough  for  the  particular  task  at  hand.  Photosensitive 
surfaces  are  commercially  available  which  possess  spectral  sensi¬ 
tivities  which  vary  over  wide  limits.  In  certain  specific  applica¬ 
tions  a  choice  of  surface  may  be  made,  so  that  the  detector  is 
highly  sensitive  to  the  characteristic  radiation  emitted  by  only 
one  of  the  elements  which  may  be  contained  in  the  sample. 

A  barrier  layer  photocell  was  chosen  for  the  photometer  shown 
in  Figure  3  because  of  its  simplicity  and  its  favorable  performance 
characteristics.  The  sensitivity  of  this  type  of  photocell  is  low, 
as  compared  with  phototubes,  and  its  output  must  be  measured 
with  a  galvanometer.  It  has,  however,  many  advantages  for 
this  work:  it  requires  no  external  electrical  power  supply;  its 
broad  spectral  response  covers  adequately  the  various  wave 
lengths  encountered  in  the  usual  sample;  it  is  relatively  free 
from  annoying  drift  and  fatigue;  and  its  output  for  a  given 
light  input  is  steady  and  reproducible.  Its  chief  disadvantage, 
its  high  temperature  coefficient,  may  be  minimized  by  placing 
it  at  a  cool  part  of  the  photometer. 

Phototubes  of  many  types  may  be  used  if  provided  with  suit¬ 
able  power  supplies  and  amplifiers.  Electron  multiplier  tubes, 
such  as  the  R.C.A.  Type  931-A,  have  been  used  very  successfully 
in  flame  photometers.  These  tubes  are  extremely  sensitive  to 
sodium  light  and  very  much  less  sensitive  to  that  from  lithium 
and  potassium,  and  have  the  advantage  that  their  output  is  suf¬ 
ficient  to  allow  the  use  of  rugged  types  of  microammeters  or  re¬ 
corders.  Their  high  sensitivity  makes  possible  accurate  analytical 
measurements  on  solutions  containing  as  little  as  0.1  p.p.m.  of 
sodium.  One  of  the  main  disadvantages  of  this  tube  is  the  fact 
that  a  well-regulated  power  supply  is  required.  Very  satisfac¬ 
tory  results  have  been  obtained  using  twenty  45-volt  B  batteries 
in  series,  so  wired  as  to  provide  90  volts  for  each  stage  of  the 
multiplier.  The  output  of  this  type  of  tube  at  constant  light 
input  has  been  found  to  fall  off  for  a  period  of  several  hours  after 
the  power  has  been  applied;  accordingly  it  is  not  satisfactory 
for  photometers  designed  for  laboratory  analyses,  which  must  be 
ready  at  all  times  for  immediate  use.  Once  these  tubes  have 
reached  equilibrium,  their  output  is  very  steady,  and  their  per- 
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Figure  7.  Concentric  Tube  Type  of  Atomizing  Unit 
In  using  this  type  of  atomizer,  all  the  air  for  the  flame  passes  through  the  atomizer 
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formance  entirely  satisfactory.  A  photometer  so  equipped  may 
be  left  turned  on  for  very  long  periods  of  time,  and  may  thus  be 
used  to  advantage  in  installations  where  analyses  are  required 
constantly,  three  shifts  per  day. 

Electrical  Instruments.  The  particular  instrument  selected 
to  indicate  or  record  the  output  of  the  photoelectric  detector 
will  depend  in  a  large  measure  on  the  type  of  detector  used  and 
the  sensitivity  and  precision  desired. 

A  multirange  meter  is  convenient  if  samples  of  widely  differ¬ 
ent  concentrations  are  encountered,  as  is  also  a  shunt  for  varying 
the  individual  ranges  of  the  instrument  scale.  An  appreciable 
period  or  sluggish  response  in  the  meter  is  advantageous,  since 
it  tends  to  smooth  out  any  slight  flicker  of  the  flame.  The 
galvanometer  used  in  Figure  2  is  a  G.E.  Model  32C-245-G9 
having  a  sensitivity  of  0.001  microampere  per  scale  division  and  a 
period  of  4  seconds. 

The  output  of  an  electron  multiplier  for  solutions  containing  up 
to  25  p.p.m.  of  sodium  has  been  found  to  be  between  10  to  100 
microamperes  in  the  various  types  of  flame  photometers  so  far 
used.  This  high  output  permits  the  use  of  a  rugged  pointer-type 
microammeter.  If  a  potentiometric  recorder  is  used,  it  is  impor¬ 
tant  that  it  be  designed  for  high  damping  resistance,  so  that  a  cer¬ 
tain  degree  of  overdamping  is  obtained  when  measurements  are 
made  across  a  fairly  high  resistance.  A  micromax  with  a  full- 
scale  range  of  100  millivolts,  designed  for  an  external  circuit 
resistance  of  50,000  ohms,  has  been  used  very  satisfactorily. 
With  this  recorder  connected  to  measure  a  potential  across  a 
10,000-ohm  resistor  through  which  the  electron  multiplier  cur¬ 
rent  is  flowing,  it  is  practical  to  record  sodium  levels  in  flowing 
samples  in  the  range  from  5  p.p.m.  full  scale  up  to  100  p.p.m. 
If  the  10,000-ohm  resistor  is  variable,  the  range  of  the  recorder 
may  be  varied  at  will.  Another  satisfactory  method  of  adjusting 
the  sensitivity  range  of  the  photometer  when  using  an  electron 
multiplier  is,  of  course,  to  vary  the  voltage  applied  per  stage  of 
the  tube  until  the  desired  range  is  obtained. 

APPLICATIONS  OF  FLAME  PHOTOMETRY 

Generally  speaking,  the  flame  photometer  may  be  used  wher¬ 
ever  the  analysis  of  aqueous  samples  for  their  sodium,  lithium, 
potassium,  or  calcium  contents  is  required.  It  should  be  em¬ 
phasized  that  this  method,  as  described,  is  in  reality  a  method 
for  rapidly  determining  the  amounts  of  metal  ions  in  solutions. 
Before  applying  it  to  the  analysis  of  a  wide  variety  of  materials, 
a  certain  amount  of  sample  preparation,  which  on  occasion  may 
be  tedious  and  time-consuming,  is  still  essential.  In  favor  of  the 
method,  however,  is  the  fact  that,  since  the  number  of  sources  of 
possible  interferences  is  small,  procedures  for  preparing  samples 
may  be  employed  which  in  general  are  simpler  than  those  nor¬ 
mally  used.  Specifically,  it  must  be  recognized  that  before  apply¬ 
ing  the  method  to  an  entirely  new  material,  a  careful  investigation 
should  be  made  to  determine  the  possibly  large  influence  of  the 
foreign  ions  and  molecules  present  upon  the  light  being  used  for 
analysis.  It  has  been  noted,  for  example,  that  the  presence  of 
most  foreign  salts  and  acids  in  a  solution  being  analyzed  for 
sodium,  potassium,  or  calcium  tends  to  lower  the  amount  of 
light  emitted  by  them.  Certain  organic  molecules  tend  to 
lower  the  amount  of  light  emitted,  while  others  increase  the 
light  output.  In  other  cases — for  example,  the  determination 
of  calcium  in  a  solution  containing  considerable  sodium — the 
readings  obtained  are  high  because  of  inability  to  filter  calcium 
radiation  entirely  free  of  sodium.  In  most  cases,  however,  where 
solutions  of  low  sodium  and  potassium  concentrations  are  an¬ 
alyzed,  the  accuracy  of  the  results  obtained  is  equal  to  or  better 
than  that  given  by  chemical  means,  and  the  speed  of  the  method 
makes  it  extremely  attractive.  The  number  of  applications 
which  have  already  been  made  is  large  and  is  constantly  growing, 
and  at  this  time  only  a  few  will  be  cited. 

Perhaps  the  simplest  and  most  obvious  application  is  to  the 
rapid  or  continuous  analysis  of  water  samples  for  sodium,  potas¬ 
sium,  or  calcium,  since  in  general  the  concentrations  of  these 
metals  fall  within  the  most  useful  range  of  the  photometer  with¬ 
out  dilution.  Both  recording  and  indicating  instruments  have 
been  used  satisfactorily.  For  many  years  designers  of  water¬ 
softening  installations  have  been  faced  with  the  need  for  an 
analytical  instrument  which  would  indicate  within  an  extremely 


short  time  the  exhaustion  of  the  zeolite  bed,  and  if  possible  ini¬ 
tiate  the  regeneration  cycle.  Since  these  water  softeners  operate 
by  introducing  sodium  ions  into  the  water  in  proportion  to  the 
calcium  and/or  magnesium  removed,  the  first  indication  of  the 
exhaustion  of  the  zeolite  bed  is  a  drop  in  the  sodium  level  of  the 
effluent  water.  Rapid  analyses  for  sodium  allow  this  exhaustion 
point  to  be  detected  with  ease.  If  a  recording  flame  photometer 
is  being  used,  a  sudden  drop  in  the  recorded  sodium  level  may  be 
used  to  actuate  the  necessary  valves  for  transferring  the  influent 
to  a  previously  regenerated  bed  and  to  start  the  regeneration  cycle 
for  the  exhausted  bed. 

The  same  type  of  installation  is  suitable  for  use  in  determining 
the  sodium  levels  in  waters  “demineralized”  by  synthetic  ion- 
exchange  resins. 

In  many  industrial  processes  where  it  is  necessary  to  remove 
sodium  salts  from  precipitated  products  by  washing  with  water, 
rapid  determination  of  the  sodium  content  of  the  influent  and  ef¬ 
fluent  waters,  or  a  continuous  record  thereof,  makes  for  accurate 
control  of  the  washing  cycle.  Concentrated  solutions  such  as 
brines  or  sea  water  must  usually  be  diluted  prior  to  analysis. 

The  flame  photometer  has  a  definite  place  in  the  general 
analytical  laboratory,  for  it  simplifies  many  of  the  usually  labori¬ 
ous  determinations.  Among  these  might  be  cited  the  determina¬ 
tion  of  either  sodium  or  potassium  in  the  presence  of  the  other, 
and  the  determination  of  calcium  in  the  presence  of  magnesium. 

Of  frequent  and  important  use  to  the  agronomist  is  a  knowl¬ 
edge  of  the  potassium  and  sodium  content  of  soil  samples.  Suit¬ 
able  extraction  or  other  processes  for  bringing  these  salts  into 
solution  have  long  been  used  in  connection  with  standard  pro¬ 
cedures  of  soil  chemistry.  Where  large  numbers  of  soil  samples 
must  be  analyzed  routinely,  the  flame  photometer  should  prove 
of  great  value.  In  connection  with  studies  of  plant  metabolism 
and  nutrition  this  same  instrument  could  be  used. 

Some  of  the  most  interesting  uses  to  which  these  instruments 
have  already  been  put  concern  the  analysis  of  biological  materials. 
In  the  hands  of  several  clinical  research  workers,  the  flame  photom¬ 
eter  has  been  used  successfully  to  analyze  such  materials  as 
whole  blood,  blood  serum,  urine,  body  fluids,  and  tissue  residues. 
These  analyses,  which  are  usually  both  difficult  and  time-con¬ 
suming  as  a  result  of  the  very  nature  of  the  samples  and  the 
small  size  of  the  average  samples  which  are  available,  may  readily 
be  performed.  For  the  determination  of  sodium  in  blood  serum, 
a  sample  of  as  little  as  0.1  ml.  can  be  satisfactorily  analyzed  after 
diluting  by  a  factor  of  1  to  100.  The  potassium  content  of 
serum  could  conceivably  be  determined  on  a  0.1-ml.  sample  after 
diluting  to  2.5  ml.,  but  a  0.5-ml.  sample  is  much  to  be  preferred. 
This  fact,  plus  the  speed  with  which  the  analyses  may  be  com¬ 
pleted,  makes  possible  certain  studies  which  have  hitherto  been 
impossible.  Thus,  in  the  clinical  laboratory,  the  flame  photom¬ 
eter  has  proved  itself  to  be  a  most  valuable  instrument  in  con¬ 
nection  with  research  on  metabolic  studies,  the  rapid  diagnosis, 
and  the  treatment  of  certain  diseases. 
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Determination  of  Sulfur  Dioxide 

Improved  Monier-Williams  Method 
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A  modification  of  the  official  A.O.A.C.  Monier-Williams  method 
is  described  which  possesses  a  marked  increase  in  sensitivity  over  the 
volumetric  application  of  the  official  method.  Comparisons  are 
made  with  the  official  method  and  a  modified  Bennett-Donovan 
method  using  dehydrated  vegetable  products. 

DURING  recent  studies  of  tlie  effect  of  time  and  temperature 
on  sulfur  dioxide  levels  of  sulfited  cabbage  and  carrots 
conducted  in  the  Subsistence  Research  and  Development  Labora¬ 
tory,  it  was  necessary  to  utilize  a  highly  sensitive  and  reproduc¬ 
ible  method  for  determining  small  sulfur  dioxide  losses.  Al¬ 
though  the  Monier-Williams  method  ( 1 )  has  been  adopted  as 
official  by  the  A.O.A.C.,  it  was  not  found  sufficiently  sensitive 
for  the  authors’  purpose.  Methods  involving  distillation  into 
iodine  (4)  were  not  considered  satisfactory,  owing  to  the  volatile 
sulfur  content  of  cabbage,  as  they  gave  abnormally  high  values  on 
some  unsulfited  controls. 

The  modification  of  the  Bennett  and  Donovan  procedure  as 
described  by  Prater,  Johnson,  Pool,  and  Mackinney  (&)  gave 
rise  to  considerable  difficulty.  It  was  thought  that  this  could 
undoubtedly  be  attributed,  not  to  the  specificity  of  the  method, 
but  to  the  conditions  under  which  it  was  operated  in  this  labora¬ 
tory.  The  samples  were  analyzed  every  2  to  4  weeks,  and  owing 
to  limited  personnel,  it  was  not  possible  to  have  the  same  ana¬ 
lyst  make  the  determinations  each  time.  As  a  result,  there  was 
usually  some  uncertainty  of  end  points,  particularly  the  flash  end 
point.  A  more  serious  difficulty  was  the  darkening  of  the  vege¬ 
tables  which  occurred  under  the  higher  storage  temperatures 
and  markedly  interfered  with  the  observance  of  the  end  point. 
When  the  Bennett  and  Donovan  method  was  applied  to  samples 
withdrawn  periodically  from  high-temperature  storage  there  were 
often  noted  increases  and  losses  in  sulfur  dioxide  levels  which 
could  not  be  accounted  for  by  normal  variation  within  a  sample, 
and  over-all  trends  were  difficult  to  obtain.  It  is  indicated  that 
the  authors  did  not  consider  the  applicability  of  the  method  to 
samples  damaged  by  heat  during  processing  or  samples  that  had 
been  held  under  storage  at  elevated  temperatures. 

In  order  to  satisfy  requirements,  it  became  necessary  to  modify 
the  Monier-Williams  method  in  such  manner  that  its  sensitivity 
would  be  increased  to  the  same  order  as  that  of  the  modified 
Bennett-Donovan  method  when  the  latter  was  operated  under 
ideal  conditions  with  normal  samples.  Nissen  and  Petersen  (5) 
have  simplified  the  official  Monier-Williams  method  in  two  ways: 
(1)  by  neutralizing  the  3%  hydrogen  peroxide  to  pH  4.0  with 
sodium  hydroxide  and  (2)  by  titrating  the  absorbed  sulfur  di¬ 
oxide  to  pH  4.0  utilizing  a  glass  electrode.  Essentially,  this 
speeds  up  the  preparation  of  the  hydrogen  peroxide  and  elimi¬ 
nates  the  uncertainty  of  the  bromophenol  blue  end  point.  Re¬ 
cently  Taylor  (7)  reported  the  method  had  little  advantage  over 
the  official  method,  particularly  if  gravimetric  checks  were  to  be 
obtained.  Obviously,  gravimetric  checks  are  too  time-consum¬ 
ing  for  rapid  analyses. 

There  is  probably  only  one  fallacy  in  the  volumetric  applica¬ 
tion  of  the  official  method  and  the  modified  method  of  Nissen 
and  Petersen,  and  that  lies  in  the  buffering  capacity  of  the  ab¬ 
sorbed  carbon  dioxide  in  the  final  solution  to  be  titrated.  The 
carbon  dioxide  serves  as  a  sweeping  agent  to  pass  the  liberated 
sulfur  dioxide  through  the  condenser  into  the  hydrogen  peroxide. 
An  atmosphere  of  an  inert  gas  also  prevents  oxidation  of  the 


sulfur  dioxide.  By  the  simple  expedient  of  substituting  nitro¬ 
gen  for  carbon  dioxide  the  above  conditions  can  be  obtained, 
but  as  shown  in  Figure  1  the  buffering  action  of  carbon  dioxide  is 
eliminated  and  the  sensitivity  of  the  titration  is  markedly  in¬ 
creased  by  approximately  18  times.  The  end  point  becomes  5.8 
to  6.0  instead  of  4.0.  Although  the  glass  electrode  has  been  used 
entirely  in  this  laboratory,  there  is  no  reason  why  an  indicator 
titration  could  not  be  substituted. 


Figure  1.  Titration  Curves 
Carbon  dioxide  v*.  nitrogen 


The  same  effect  can  be  obtained  by  carefully  boiling  away  the 
carbon  dioxide  prior  to  the  titration.  This,  however,  adds  one 
more  step  and  creates  an  added  danger  in  that  loss  from  spatter¬ 
ing  may  occur  in  routine  analyses.  In  addition,  extra  time  is 
required,  because  the  solution  to  be  titrated  must  be  brought 
to  the  working  temperature  of  the  electrodes. 

METHOD  APPLICATION 

Apparatus.  The  distillation  apparatus,  diagrammed  in  Figure 
2,  consists  of  a,  a  500-ml.  wash  bottle  for  pyrogallol  reagent; 
b,  a  500-ml.  wash  bottle  for  water;  c,  a  2-liter,  3-necked  dis¬ 
tilling  flask;  d,  a  reflux  condenser ;  e,  a  dropping  funnel;  and/,  a 
receiver  consisting  of  a  125-ml.  Erlenmeyer  flask  and  a  Peligot 
tube,  g.  This  apparatus  is  preferred  by  the  authors,  but  is  not 
mandatory.  The  one  described  by  the  A.O.A.C.  ( 1 )  may  be 
used,  but  is  not  considered  as  convenient. 

Titration  assembly  utilizing  a  glass  and  calomel  electrode 
(a  Beckman  Model  G  pH  meter  employing  the  long  electrodes  was 
used  by  the  authors). 

Reagents.  Hydrogen  peroxide,  3%,  prepared  by  diluting  a 
30%  stock  solution  (Superoxal)  and  adjusting  to  pH  4.0  with 
0.1  N  sodium  hydroxide.  It  is  not  necessary  to  adjust  the 
strength  of  this  reagent  to  exactly  3%  (5). 

Pyrogallol  solution  (8).  Three  hundred  grams  of  pyrogallie 
acid'  in  1  liter  of  water;  add  2.5  volumes  of  50%  sodium  hy¬ 
droxide. 

Nitrogen,  water-pumped,  99.7%  pure,  commercial  cylinder. 
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Hydrochloric  acid,  concentrated. 

Sodium  hydroxide,  standard  0.010,  0.025,  0.050,  and  0.10  N 
solutions. 

Procedure.  Connect  the  distilling  apparatus  as  shown  in 
Figure  2,  using  rubber  stoppers  throughout.  Add  to  wash 
bottles  a  and  b  about  400  ml.  of  pyrogallol  reagent  and  distilled 
water,  respectively.  The  bottles  require  only  infrequent  re- 
|  charging,  as  the  amount  of  oxygen  present  in  the  nitrogen  is 
very  low.  Add  15  ml.  of  the  3%  hydrogen  peroxide  reagent  to 
receiving  flask,  /,  and  5  ml.  to  the  Peligot  tube,  g.  Connect  the 
receiving  flask  to  the  upper  end  of  the  condenser,  making  certain 
|  that  the  delivery  tube  extends  below  the  surface  of  the  hydrogen 
peroxide  in  the  receiving  flask. 

Sweep  out  the  assembled  apparatus  for  approximately  5 
minutes  with  the  oxygen-free  nitrogen,  adjusting  the  gas  so  that 
there  is  a  steady  flow  through  the  Peligot  tube.  Remove  the 
stopper  containing  the  dropping  funnel,  add  the  sample,  usually 
j  25  grams,  and  immediately  restopper.  Avoid  adding  in  such  a 
manner  that  some  of  the  sample  may  remain  in  the  neck  of  the 
i  flask.  Add  300  ml.  of  recently  boiled  and  still  hot  distilled  water, 
containing  10  ml.  of  hydrochloric  acid,  through  the  dropping  fun¬ 
nel.  The  addition  must  be  made  steadily  and  a  small  portion 
should  be  allowed  to  remain  in  the  dropping  funnel  to  avoid  loss  of 
liberated  sulfur  dioxide  through  back  pressure.  Reflux  for  1 
hour  (in  the  case  of  dehydrated  vegetables)  in  a  current  of  nitro¬ 
gen.  Shut  off  the  water  in  the  condenser  and  continue  the  dis¬ 
tillation  until  the  delivery  tube  from  the  condenser  becomes  just 
warm  (this  step  may  be  omitted  in  the  case  of  dehydrated  vege¬ 
tables).  Transfer  the  contents  of  the  receiving  flask  and  Peligot 
tube  to  a  250-ml.  beaker  with  adequate  washing.  Dilute  to 
approximately  100  ml.,  and  titrate  with  standard  alkali  to  pH 
6.0.  Choose  the  normality  on  the  basis  of  the  suspected  sulfur 
dioxide  content  or  the  initial  pH.  Table  I  gives  the  approximate 
initial  pH  values  corresponding  to  the  normalities  of  the  sodium 
hydroxide  to  be  used.  Correct  for  a  reagent  blank  run  in  identi¬ 
cal  manner  and  calculate  as  p.p.m.  of  sulfur  dioxide. 


Table  I.  Normality  of  Sodium  Hydroxide  to  Be  Used 

(On  basis  of  initial  pH  of  solution  to  be  titrated) 

Initial  Normality  Mg.  of  S02  Equivalent  to 

pH  of  NaOH  1  Ml.  of  Standard  NaOH 

<1.9  0.100  3.2 

19-2. 2  0.050  1.6 

2.3-2. 5  0.025  0.8 

>2.5  0.010  0.32 


Table  II. 

Recovery  of  Sulfur  Dioxide  Added  to  Blank 
Determinations 

% 

(Modified  Monier- Williams  method) 

S02 

S02 

Present 

Recovered 

Recovery 

Mg. 

Mg. 

% 

91.12 

90.21 

99.0 

91.30 

90.80 

99.5 

92.26 

92.35 

100.1 

90.10 

88.49 

96.1 

88.54 

88.16 

99.6 

88.54 

88.19 

99.6 

20.86 

21.35 

102.4 

21.09 

21.10 

100. 1 

8.32 

8.30 

99.8 

8.22 

8.25 

100.4 

3.97 

3.95 

99.5 

3.96 

3.90 

98.5 

DISCUSSION 

The  recovery  of  added  sulfur  dioxide  to  aqueous  solutions  or 
blank  determination's  is  shown  in  Table  II.  Sodium  metabisul¬ 
fite  solutions  stabilized  with  sodium  pyrophosphate  decahy- 
drate  were  used.  The  recovery  was  excellent.  Recovery  of 
added  sulfur  dioxide  to  cabbage  and  carrots  is  shown  in  Table 
III.  The  recovery  data  are  comparable  with  those  reported  by 
Prater  and  co-workers  for  the  modified  Bennett-Donovan  method 
(6).  It  is  thought  that  the  extra  step  involved  in  the  addition  of 
the  sulfur  dioxide  solution,  following  the  addition  of  the  sample, 
may  partially  account  for  the  lower  results  obtained  when  com¬ 
pared  to  those  previously  shown  for  the  aqueous  solutions. 

Although  it  has  been  reported  ( 3 )  that  sulfhydryls  do  not 
interfere  in  the  Monier- Williams  method,  it  was  thought  advis¬ 
able  to  check  it  as  a  possible,  but  not  probable,  source  of  error. 
Determinations  run  with  added  hydrogen  sulfide  gave  titration 
curves  which  coincided  with  those  without  added  hydrogen  sul¬ 
fide.  A  blank  consisting  of  water  saturated  with  hydrogen  sul¬ 
fide  gave  a  zero  titration  with  0.01  N  sodium  hydroxide.  In  the 
latter  case  sulfur  appeared  to  be  precipitated  to  some  extent  in  the 
hydrogen  peroxide,  but  this  did  not  interfere. 

To  study  the  effect  of  varying  sample  size,  a  series  of  5-,  10-, 
15-,  25-,  and  50-gram  samples  were  prepared.  The  samples  were 
ground  in  the  Wiley  Mill  with  a  1.0-mm.  screen,  utilizing  small 
charges  to  avoid  loss  of  sulfur  dioxide  due  to  heat,  until  prac¬ 
tically  all  had  passed  through  the  screen.  Care  was  taken  to 
blend  the  charges  well.  Prepared  samples  were  stored  under 
refrigeration.  These  precautions  were  taken  in  order  to  avoid 
the  errors  due  to  the  possibility  of  uneven  sulfiting  and  nonuni¬ 
form  particle  size,  and  to  ensure  reproducibility  of  results. 

The  results  shown  in  Table  IV  indicate  that  on  the  basis  of  the 
calculated  coefficients  of  variation  (percentage  of  relative  varia¬ 
tion  of  the  distribution  about  the  mean)  utilization  of  25-  to  50- 


Table  III.  Recovery  of  Sulfur  Dioxide  Added  to  Dehydrated 
Cabbage  and  Carrots 


(Modified  Monier- Williams  method) 


S02 

Originally 

Present 

S02 

Added 

S02 

Found 

S02 

Recovered 

Recovery 

Mg. 

Mg. 

Mg. 

Mg. 

% 

18.96 

14.82  • 

Cabbage 

33.70 

14.74 

99.5 

18.96 

19.13 

37.46 

18.50 

96.7 

18.96 

19.90 

37.81 

18.85 

94.7 

18.96 

19.65 

37.74 

18.78 

95.6 

18.96 

9.44 

28.46 

9.50 

100.6 

22.22 

20.22 

41.79 

19.57 

96.8 

22.80 

19.49 

Carrots 

42.05 

19.25 

98.8 

22.80 

9.82 

32.26 

9.46 

96.3 

22.77 

45.70 

66.84 

44.07 

96.4 

Figure  2.  Distillation  Apparatus 
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Table  IV.  Effect  of  Varying  Sample  Sizes  in  Determination  of 

Sulfur  Dioxide 

« 

(Modified  Monier-Williams  method) 


petni  _ Sample  Weight 


No. 

50  g. 

25  g. 

15  g. 

10  g. 

5, 

P.p.m. 

of  Sulfur  Dioxide 

Cabbage 

1 

a 

752 

727 

770 

776 

2 

783 

691 

789 

831 

3 

751 

723 

665 

727 

4 

749 

750 

803 

783 

5 

773 

760 

672 

816 

6 

755 

767 

707 

716 

C.V.,  %<> 

1.7 

2.8 

7.6 

5 

Carrots 

1 

924 

909 

2 

924 

905 

3 

929 

916 

4 

934 

901 

5 

915 

925 

6 

925 

903 

C.V.,  % 

0.6 

0.9 

°  In  the  case  of  dehydrated  cabbage  difficulty  was  encountered  when 
sample  size  was  increased  much  in  excess  of  25  grams  owing  to  charring  in 
flask  during  distillation. 


where 

C.V.  =  coefficient  of  variation  in  per  cent 

d  —  deviation  of  individual  determinations  from  the  mean,  re¬ 
gardless  of  sign 

n  —  number  of  determinations 
M  =  mean 


gram  samples  offers  the  best  opportunity  of  reproducing  results. 
If  a  large  number  of  samples  were  run  at  each  level,  it  is  highly 
probable  that  the  average  values  would  be  about  the  same. 

The  modified  method  was  compared  with  both  the  official  and 
the  modified  Bennett-Donovan  method  when  used  for  cabbage 
and  carrots.  Table  V  summarizes  comparative  data  obtained 
from  37  determinations  on  a  single  sample  of  cabbage  and  27 
determinations  on  a  single  sample  of  carrots  by  the  three  methods. 
Of  the  three  methods  the  official  A.O.A.C.  gave  the  poorest  repli¬ 
cation,  but  consistency  of  replication  was  very  good  for  either 
the  modified  Monier-Williams  or  the  modified  Bennett-Donovan 
method.  The  mean  value  for  cabbage  obtained  by  the  former 
is  only  slightly  lower  than  that  found  for  the  latter,  while  the 
mean  value  found  for  carrots  was  substantially  higher.  It  was 
thought  that  possibly  the  pigmentation  of  carrots  caused  an 
overtitration  of  the  so-called  “flash”  end  point  which  would 
tend  to  yield  lower  results  by  the  Bennett-Donovan  procedure. 
The  difference,  however,  was  too  great  to  make  this  assumption 
entirely  logical. 

In  the  absence  of  unsulfited  controls  a  further  check  was  made 
on  freshly  ground  raw  carrots.  Samples  were  taken  of  such  size 
to  be  comparable  to  25  grams,  in  the  case  of  the  Monier-Williams 
methods,  and  8  grams,  in  the  case  of  the  Bennett-Donovan 
method,  of  10%  moisture  products.  No  attempt  was  made  to 
remove  any  of  the  volatile  materials  which  would  be  liberated 
during  dehydration.  No  sulfur  dioxide  was  found  by  either  of 
the  Monier-Williams  methods  and  ±30  p.p.m.  were  found  by  the 
Bennett-Donovan  method.  Nevertheless,  because  of  the  in¬ 
complete  binding  of  the  acetone  and  sulfur  dioxide  in  the  Bennett- 
Donovan  method  as  the  titration  approaches  completion,  it  was 
suggested  ( 2 )  that  glyoxal  should  be  used  in  place  of  the  acetone. 
Four  milliliters  of  a  30%  solution  were  found  sufficient  to  bind  the 
sulfur  dioxide,  and  the  end  point  was  more  persistent  and  much 
easier  to  detect.  However,  the  same  sample  of  carrots  yielded 
similar  low  results  comparable  to  those  obtained  when  acetone 
was  used,  and  it  was  postulated  that  this  particular  sample  had 
been  heat-damaged  in  processing. 

In  support  of  this  assumption  three  samples  of  dehydrated 
carrots,  in  which  heat  damage  or  scorch  could  not  be  detected, 
were  analyzed  by  the  modified  Monier-Williams  procedure  and 


checked  by  the  modified  Bennett-Donovan  method.  Generally 
good  agreement  was  obtained  in  all  three  samples  (Table  VI). 
This  further  emphasizes  that  the  Bennett-Donovan  method  may 
not  be  satisfactory  when  applied  to  heat-damaged  samples. 

The  data  presented  in  Table  VI  may  be  utilized  in  explaining 
the  data  in  Table  V  for  carrots.  It  has  been  shown  (Table  VI) 
that  good  agreement  is  obtained  between  the  modified  Monier- 
Williams  and  the  Bennett-Donovan  procedures  when  normal 
sulfited  carrots  are  used.  It  can  be  anticipated  that  all  three 
methods  would  agree  on  normal  samples.  The  amount  of  sulfur 
dioxide  absorbed  by  hydrogen  peroxide  would  not  vary  on  merely 
changing  the  carrier  gas,  as  this  gas  does  not  enter  into  the  chemi¬ 
cal  reaction.  Although  it  would  appear  from  Table  V  that  the 
mean  values  for  carrots  when  obtained  by  the  Bennett-Donovan 
and  the  official  Monier-Williams  methods  are  in  agreement,  it  is 
suggested  that  this  is  not  the  case  and  that  if  a  large  number  of 
determinations  had  been  made  by  the  official  method  the  mean 
value  would  have  been  in  agreement  with  that  obtained  by  the 
modified  Monier-Williams  procedure. 

Potentiometric  curves  have  been  plotted  for  a  series  of  routine 
samples,  including  both  those  which  were  normal  and  obviously 
scorched  or  heat-damaged.  In  no  case  has  there  been  noted  any 
deviation  from  the  typical  curve  shown  in  Figure  1.  Any  change 
in  the  shape  of  the  curve  would  indicate  the  presence  of  substances 
other  than  sulfur  dioxide  in  the  hydrogen  peroxide.  This  is  an¬ 
other  indication  of  the  specificity  of  the  method. 

SUMMARY 

The  official  A.O.A.C.  Monier-Williams  method  for  the  deter¬ 
mination  of  sulfur  dioxide,  though  basically  correct,  is  insuf¬ 
ficiently  sensitive.  Its  sensitivity  may  be  increased  approxi¬ 
mately  18  times  by  eliminating  the  buffering  action  of  the  carbon 
dioxide  in  the  solution  to  be  titrated.  This  may  be  achieved  by 
either  employing  oxygen-free  nitrogen  as  the  carrier  gas  or  elimi¬ 
nating  the  dissolved  carbon  dioxide  by  careful  boiling.  A  modi¬ 
fication  of  the  official  Monier-Williams  method  utilizing  oxygen- 
free  nitrogen  as  a  carrier  gas  and  potentiometric  titration  may  be 
applied  equally  as  well  to  samples  of  low  or  high  sulfur  dioxide 


Table  V.  Comparison  of  Three  Methods  for  Determination  of  Sulfur 

Dioxide 

Monier-Williams  Monier-Williams 

Modified  A.O.A.C.  Bennett-Donovan 


Cabbage 


No.  of  detns. 

15 

6 

16 

Max.,  p.p.m. 

790 

866 

870 

Min.,  p.p.m. 

748 

632 

710 

Mean,  p.p.m. 

760 

804 

812 

Range,  p.p.m. 

M  ±  21 

M  ±  117 

M  ± 

C.V.,  % 

2.3 

9.9 

5.8 

Carrots 

No.  of  detns. 

10 

7 

10 

Max.,  p.p.m. 

926 

891 

730 

Min.,  p.p.m. 

901 

545 

650 

Mean,  p.p.m. 

911 

690 

691 

Range,  p.p.m. 

M  *  13 

M  ±  173 

M  ± 

C.V.,  % 

0.9 

22.5 

4.3 

Table  VI.  Data  on  Normal  Sulfited  Carrots 


SO2  by  Modified  Bennett- 


SO2  by  Modified 

Donovan  Method 

Sample 

Monier-Williams 

Using 

Using 

No. 

Method 

acetone 

glyoxal 

P.p.m. 

P.p.m. 

P.p.m. 

1 

664 

600 

610 

2 

653 

1469 

1406 

1422 

1471 

1414 

1414 

3 

197 

122° 

102 

196 

96 

130 

“  Titration  of  less  than  1  ml.  of  0.05  N  iodine. 
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content.  It  utilizes  a  fairly  large  sample  size,  appears  to  be 
specific,  and  is  unaffected  by  pigments,  pigment  changes,  or  sulf- 
hydryls. 
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Polarographic  Analysis  of  Aluminum  Alloys 

I.  M.  KOLTHOFF  and  GEORGE  MATSUYAMA 
School  of  Chemistry,  University  of  Minnesota,  Minneapolis,  Minn. 


Procedures  have  been  developed  for  the  polarographic  determina¬ 
tion  of  iron,  copper,  lead,  nickel,  and  zinc  in  aluminum  alloys.  The 
alloy  is  heated  with  sodium  hydroxide  and  the  solution  completed 
in  nitric  acid.  In  the  absence  of  chloride,  ferric  iron  and  copper 
give  well  separated  waves.  If  the  ratio  of  iron  to  copper  is  large, 
the  ferric  iron  is  reduced  with  hydroxylamine  hydrochloride.  The 
lead  wave  is  determined  after  reduction  of  the  ferric  iron  and  pre¬ 
cipitation  of  copper  as  cuprous  thiocyanate  and  adjustment  of  the  pH. 
The  nickel  and  zinc  waves  are  determined  after  adjustment  of  the  pH 
of  the  solution  of  the  alloy,  and  addition  of  hydroxylamine  hydro¬ 
chloride,  thiocyanate,  sodium  citrate,  and  pyridine.  Alternate 
procedures  are  discussed.  The  proposed  procedures  give  satis¬ 
factory  results  and  are  especially  recommended  in  routine  analysis. 
The  actual  time  spent  in  the  total  analysis  for  the  five  elements  will 
be  less  than  45  minutes  in  routine  work. 

IN  THIS  paper  are  discussed  rapid,  reliable  methods  for  the 
polarographic  analysis  of  iron,  copper,  lead-,  nickel,  and  zinc 
in  aluminum  alloys. 

The  methods  developed  for  iron,  copper,  and  lead  are  both 
rapid  and  accurate.  These  metals  can  be  determined  with  ordi¬ 
nary  polarographic  accuracy  in  aluminum  alloys  by  the  pro¬ 
cedure  recommended.  The  method  developed  for  nickel  can 
be  made  more  accurate  by  more  or  less  elaborate  separations 
from  aluminum  and  other  metals,  but  the  recommended  method 
is  sufficiently  accurate  for  routine  analyses.  Two  methods  are 
described  for  zinc;  one  gives  rapid  results  but  is  not  so  accurate 
as  the  other,  which  is  more  time-consuming. 

!  Since  most  of  the  analyses  are  made  in  the  presence  of  alumi¬ 
num,  the  “supporting  electrolyte”  is  usually  high  in  aluminum 
content.  The  diffusion  current  constant  of  the  various  metals 
depends  on  the  concentration  of  aluminum  and  must  be  deter¬ 
mined  in  a  supporting  electrolyte  containing  approximately  the 
same  amount  of  aluminum  as  the  unknown.  The  aluminum 
content  can  be  varied  at  least  5%  without  affecting  the  diffusion 
current  constant.  If,  in  the  final  analysis,  the  aluminum  con¬ 
tent  varies  greatly  from  the  usual  concentration,  it  is  necessary 
to  adjust  the  aluminum  content  of  the  unknown  solution  or  to 
determine  the  diffusion  current  constant  in  this  solution  by  add¬ 
ing  a  known  amount  of  the  element  and  again  determining  the 
diffusion  current. 

In  the  present  work,  a  uniform  method  for  the  dissolution  of 
the  alloy  is  used.  Stated  briefly,  this  method  involves  treatment 
with  20%  sodium  hydroxide  solution  to  dissolve  the  aluminum, 
followed  by  treatment  with  1  to  1  nitric  acid  (specific  gravity 
1.22).  Hydrochloric  acid  is  avoided,  since  it  interferes  in  the 
determination  of  iron  and  copper.  Chloride  ion  gives  an  anodic 


wave  beginning  at  around  0  volt  (vs.  S.C.E.),  so  that  the  iron 
wave,  shifted  to  this  potential,  coincides  with  the  copper  wave  in 
solutions  containing  chloride. 

Synthetic  aluminum  alloy  solutions  were  prepared  from  solu¬ 
tions  of  the  following:  99.9%  pure  aluminum  metal  obtained 
from  the  Aluminum  Company  of  America,  Baker  and  Adamson 
nickel  shot,  the  solution  of  which  was  analyzed  for  nickel  by 
precipitation  with  dimethylglyoxime,  Baker  standardizing  zinc 
foil,  Baker  standardizing  iron  wire,  Baker  electrolytic  copper  foil, 
and  Merck  reagent  lead  nitrate.  The  aluminum  solution  was 
prepared  by  the  same  procedure  as  employed  with  alloys  (Section 
2).  The  other  metals  were  dissolved  in  a  small  volume  of  1  to  1 
nitric  acid  and  diluted  with  water  to  make  solutions  containing 
1.00  mg.  per  ml.  or  other  appropriate  amounts. 

Polarographic  measurements  were  made  with  both  a  Sargent- 
Heyrovsky  Mcdel  XI  polarograph  and  a  manual  apparatus. 

Oxygen  was  removed  from  the  polarographic  solutions  by 
bubbling  with  nitrogen  gas  which  was  purified  by  passing  through 
solutions  of  chromous  chloride,  sodium  hydroxide,  and  water. 

The  temperature  used  in  all  this  work  was  25.0°  C.  The 
chemicals  used  were  of  reagent  grade  or  better.  The  polaro¬ 
graphic  cells  were  of  the  type  described  by  Hume  and  Harris  (I). 
Tube  D  has  a  1-cm.  fine  sintered-glass  disk  at  the  end.  The  agar 
bridge,  C,  should  be  inserted  into  tube  D  just  before  the  polaro- 
gram  is  run  to  prevent  the  diffusion  of  potassium  chloride  from 
the  agar  bridge  into  the  polarographic  solution.  This  precau¬ 
tion  is  important  in  the  determination  of  iron,  since  chloride 
interferes  in  the  separation  of  the  polarographic  waves  of  iron 
and  copper. 

All  potentials  in  this  paper  refer  to  the  saturated  calomel 
electrode. 

Polarographic  Determination  of  Iron,  Copper,  Lead, 
Nickel,  and  Zinc  in.  Aluminum  Alloys 

1.  Solutions  Required.  Bromocresol  Green  (0.1%).  To 
100  mg.  of  bromocresol  green  (tetrabromo-m-cresol-sulfonphtha- 
lein)  in  an  agate  mortar  add  2.9  ml.  of  0.05  M  sodium  hydroxide. 
Rub  the  solid  until  dissolved  and  dilute  with  water  to  100  ml. 

Dithizone  (0.05%  solution  in  carbon  tetrachloride).  Dissolve 
500  mg.  of  dithizone  (diphenylthiocarbazone)  in  1000  ml.  of 
carbon  tetrachloride  (U.S.P.). 

Gelatin  (0.5%).  Soak  0.5  gram  of  gelatin  in  100  grams  of  dis¬ 
tilled  water.  Heat  to  the  boiling  point,  cool  to  room  tempera¬ 
ture,  and  add  a  few  drops  of  toluene  as  a  preservative. 

Hydrochloric  Acid  (0.1  M).  Dilute  8.5  ml.  of  constant-boiling 
acid  to  500  ml. 

Hydroxylamine  Hydrochloride  (2  M).  To  13.9  grams  of 
hydroxylamine  hydrochloride  (recrystallized  from  water)  add 
distilled  water  to  make  100  ml. 

Nitric  Acid  (1  to  1  or  sp.  gr.  1.22).  Mix  500  ml.  of  concen¬ 
trated  nitric  acid  (sp.  gr.  1.42)  with  500  ml.  of  distilled  water. 

Potassium  Thiocyanate  (2  M).  To  19.4  grams  of  reagent 
potassium  thiocyanate,  add  distilled  water  to  make  100  ml.  of 
solution. 

Sodium  Citrate  (1.25  M).  To  184  grams  of  reagent  sodium 
citrate  dihydrate  add  distilled  water  to  make  500  ml.  of  solution. 
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Sodium  Citrate  (saturated).  Dissolve  400  grams  of  reagent 
sodium  citrate  dihydrate  in  600  ml.  of  distilled  water. 

Sodium  Hydroxide  (1  M).  To  5  ml.  of  saturated  sodium  hy¬ 
droxide  add  distilled  water  to  make  100  ml. 

Sodium  Hydroxide  (15%).  Dissolve  150  grams  of  reagent 
sodium  hydroxide  pellets  in  850  ml.  of  distilled  water. 

Thymol  Blue  (0.1%).  Rub  100  mg.  of  thymol  blue  (thymol- 
,  sulfonphthalein)  with  4.3  ml.  of  0.05  M  sodium  hydroxide  in  an 
agate  mortar.  After  the  solid  dissolves,  dilute  with  water  to  100 
ml. 

2.  Preparation  of  Alloy  Solutions.  A.  Method.  To 
L000  gram  of  aluminum  alloy  drillings  in  a  150-ml.  beaker  covered 
with  a  watch  glass,  slowly  add  11  ml.  of  15%  sodium  hydroxide. 
After  the  reaction  subsides,  heat  the  solution  to  effect  completion 
of  the  reaction.  Add  20  ml.  of  1  to  1  nitric  acid,  stir,  and  heat  to 
boil  out  the  lower  oxides  of  nitrogen.  The  alloy  dissolves  com¬ 
pletely  except  for  a  little  white  residue  which  is  probably  meta- 
stannic  acid  and  silica.  Cool  the  solution  to  room  temperature 
and  dilute  to  50.0  ml.  in  a  volumetric  flask.  For  the  analyses, 
use  aliquot  samples  of  this  solution. 

B.  Pure  Aluminum  Solution.  Prepare  an  aluminum  solution 
following  the  procedure  outlined  above,  using  pure  aluminum  in 
place  of  the  alloy.  This  solution  is  used  to  prepare  standard 
samples  for  determining  the  residual  current  and  the  diffusion 
current  constants  in  the  various  procedures.  In  the  authors’ 
work,  a  pure  aluminum  solution  was  used  to  prepare  synthetic 
alloy  solutions  for  testing  the  procedures. 

RECOMMENDED  PROCEDURES 

3.  POLAROGRAPHIC  DETERMINATION  OF  IRON  AND  COPPER 
without  Separation.  Pipet  a  10-ml.  aliquot  sample  of  the 
aluminum  alloy  solution  in  nitric  acid  (Section  2)  to  a  25-ml. 
volumetric  flask,  add  0.5  ml.  of  0.5%  gelatin  solution,  and  make 
up  to  volume.  Transfer  the  solution  to  a  polarographic  cell, 
remove  the  oxygen  from  the  solution  by  bubbling  with  nitrogen 
gas,  and  run  a  polarogram  or  measure  the  diffusion  current  at 
+0.15  and  —0.15  volt  (vs.  S.C.E.).  Correct  the  observed  diffu¬ 
sion  current  for  the  residual  current  of  a  pure  aluminum  solution: 
id  (corrected)  =  id  (observed)  —  i  (residual).  Compare  the 
corrected  diffusion  current  at  +0.15  volt  with  that  of  a  standard 
sample  prepared  with  pure  aluminum  and  standard  iron  and 
copper  to  obtain  the  amount  of  iron  in  the  sample.  Obtain  the 
diffusion  current  for  copper  by  subtracting  the  diffusion  current 
at  +0.15  volt  from  that  at  —0.15  volt  (vs.  S.C.E.),  making  cor¬ 
rections  for  the  residual  current.  Compare  this  diffusion  current 
for  copper  with  that  of  a  standard  sample  to  obtain  the  amount  of 
copper  in  the  sample. 

If  the  concentrations  of  iron  and  copper  are  too  great  and  the 
total  diffusion  current  is  greater  than  ca.  20  microamperes,  use  a 
smaller  aliquot  of  alloy  solution.  Add  a  volume  of  pure  alumi¬ 
num  solution  such  that  the  total  volume  of  alloy  and  pure  alu¬ 
minum  solutions  is  10  ml. 

4.  Polarographic  Determination  of  Copper  in  Presence 
of  Much  Iron.  To  a  10-ml.  aliquot  sample  of  the  aluminum 
alloy  solution  (Section  2)  in  a  50-ml.  beaker,  add  0.3  ml.  of  2  M 
hydroxylamine  hydrochloride  solution  and  heat  to  the  boiling 
point.  Cool  to  room  temperature  and  transfer  quantitatively 
to  a  25-ml.  volumetric  flask.  Add  0.5  ml.  of  0.5%  gelatin  and 
dilute  to  the  volume  mark  with  distilled  water.  Transfer  the 
solution  to  a  polarographic  cell  and  bubble  with  nitrogen  gas  for 
5  to  10  minutes  to  remove  oxygen.  Record  the  polarogram 
from  +0.2  to  —0.2  volt  or  observe  the  current  at  +0.15  and 
—0.15  volt  (vs.  S.C.E.).  Correct  the  diffusion  current  for  the 
residual  current  and  calculate  the  amount  of  copper  present  by 
comparing  the  corrected  diffusion  current  with  that  observed 
with  a  standard  sample.  It  is  not  strictly  necessary  to  make  the 
measurements  at  +0.2  or  +0.15  volt.  The  authors  recommend 
that  this  be  done,  because  in  rapid  routine  work  a  trace  of  ferric 
iron  still  may  be  in  the  solution,  giving  a  diffusion  current  at  +0.2 
volt. 

5.  Polarographic  Determination  of  Lead  in  Presence  of 
Much  Copper  and  Iron.  A.  Method.  Pipet  a  10-ml.  aliquot 
of  aluminum  alloy  solution  (Section  2)  into  a  25-ml.  volumetric 
flask.  Add  a  drop  of  0.1%  thymol  blue  indicator,  then  1  M 
sodium  hydroxide  until  the  indicator  changes  to  an  orange  color, 
and  add  1  ml.  in  excess.  Add  0.5  ml.  of  2  M  hydroxylamine 
hydrochloride  and  0.5  ml.  of  2  M  potassium  thiocyanate  and 
shake  gently  until  the  red  color  of  the  iron  thiocyanate  disap¬ 
pears.  Add  a  little  water  to  wash  down  the  side  of  the  flask, 
0.5  ml.  of  0.5%  gelatin  solution,  and  dilute  the  solution  to  the 
volume  mark  with  distilled  water.  Transfer  the  solution  to  a 
polarographic  cell  and  bubble  with  nitrogen  gas  for  5  to  10 
minutes  to  remove  oxygen.  Record  a  polarogram  from  —0.2  to 
—0.6  volt  (vs.  S.C.E.)  or  measure  the  current  at  —0.3  and 
—0.5  volt  (vs.  S.C.E.).  Correct  the  observations  for  the  re- 
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sidual  current  and  compare  the  corrected  diffusion  current  with 
that  of  a  standard  sample. 

B.  Alternate  Method.  Extract  the  lead  with  dithizone  (see  j 
Section  8  for  details). 

6.  Rapid  Method  for  Determination  of  Nickel  and  Zinc. 
Pipet  a  15-ml.  aliquot  sample  of  aluminum  alloy  solution  (Section 
2)  into  a  50-ml.  volumetric  flask,  add  5  ml.  of  1  M  sodium  hy¬ 
droxide,  and  mix  thoroughly  to  make  the  precipitated  aluminum 
hydroxide  redissolve.  Add  0.70  ml.  of  2  M  hydroxylamine  hy¬ 
drochloride  and  0.50  ml.  of  2  M  potassium  thiocyanate  and  rinse 
down  the  neck  of  the  flask  with  distilled  water.  Shake  the  solu¬ 
tion  in  the  flask  until  the  red  color  of  iron  thiocyanate  disap¬ 
pears;  then  add  5.0  ml.  of  1.25  M  sodium  citrate  solution.  Mix 
the  solution  thoroughly  and  add  0.50  ml.  of  pyridine,  2  drops  of 
0.1%  bromocresol  green  indicator,  and  15%  sodium  hydroxide 
until  the  indicator  changes  to  a  distinct  green  color  (pH  =  4.5). 
Add  1.0  ml.  of  0.5%  gelatin  solution  and  dilute  the  solution  to 
the  volume  mark  with  distilled  water.  Transfer  the  solution  to  a 
polarographic  cell,  bubble  with  nitrogen  gas  for  5  to  10  minutes, 
and  record  a  polarogram  from  —0.4  to  —1.4  volts  (vs.  S.C.E. ). 
Compare  the  nickel  and  zinc  diffusion  currents  with  those  ob¬ 
served  with  standard  samples  in  pure  aluminum  treated  in  the 
same  way  to  determine  the  amount  of  nickel  and  zinc  present  in 
the  unknown. 

7.  Separation  Method  for  Determination  of  Nickel. 
Electrolyze  a  suitable  aliquot  portion  of  the  aluminum  solution  in 
nitric  acid  to  remove  copper  and  reduce  iron.  Transfer  the 
solution  to  a  50-ml.  volumetric  flask,  add  10  ml.  of  pyridine, 
dilute  to  the  volume  mark  with  distilled  water,  and  shake  vigor¬ 
ously.  Filter  the  solution  through  a  clean,  dry  funnel  fitted 
with  a  coarse-porosity  paper — e.g.,  S.  and  S.  No.  589  “Black 
Band”.  Pipet  a  20-ml.  aliquot  of  the  filtrate  and  0.5  ml.  of  0.5% 
gelatin  to  a  25-ml.  volumetric  flask  and  dilute  to  the  volume 
mark.  Transfer  the  solution  to  a  polarographic  cell,  bubble  with 
nitrogen  for  5  to  10  minutes  to  remove  oxygen,  and  record  a 
polarogram  from  —0.6  to  —1.0  volt  (vs.  S.C.E.).  Compare  the 
diffusion  current  with  that  of  a  standard  sample  to  determine  the 
amount  of  nickel  present. 

8.  Separation  Method  for  Determination  of  Zinc. 
To  facilitate  the  dithizone  extraction  of  zinc,  remove  copper 
from  the  alloy  solution  before  the  extraction.  Copper  can  be 
removed  very  simply  by  treating  an  aliquot  portion  of  the  alloy 
solution  with  hydroxylamine  hydrochloride  and  potassium 
thiocyanate  or  a  weighed  sample  of  the  alloy  may  be  dissolved 
in  hydrochloric  acid.  The  amount  of  alloy  sample  used  does  not 
affect  the  diffusion  current  constant  as  in  the  case  of  the  iron  and 
copper  determination,  since  the  zinc  is  extracted  from  the  solu¬ 
tion.  For  most  alloys  a  15-ml.  aliquot  sample  of  its  solution 
can  be  treated  with  0.5  ml.  of  2  M  hydroxylamine  hydrochloride 
and  0.5  ml.  of  2  M  potassium  thiocyanate  to  remove  the  copper  (the 
copper  thiocyanate  precipitate  need  not  be  removed  from  the 
solution).  For  alloys  of  low  zinc  content — e.g.,  A.R.I.  sample 
40 — it  is  convenient  to  dissolve  a  1-gram  sample  in  25  ml.  of 
constant-boiling  hydrochloric  acid  and  filter  the  solution  to  remove 
the  residue  of  copper,  nickel,  etc. 

To  the  resulting  copper-free  solution,  add  thymol  blue  indi¬ 
cator,  10  ml.  of  saturated  sodium  citrate  solution,  and  ammonia 
until  the  indicator  changes  color  to  a  greenish  yellow.  Transfer 
this  solution  quantitatively  to  a  separatory  funnel  (the  stopcocks 
of  the  separatory  funnels  should  not  be  greased  but  wetted  with 
water).  Add  10  ml.  of  0.05%  dithizone  in  carbon  tetrachloride 
and  shake  for  1  to  2  minutes.  (If  appreciable  amounts  of  lead 
and  zinc  are  present,  the  carbon  tetrachloride  layer  becomes  a 
bright  cherry  red.)  Withdraw  the  carbon  tetrachloride  phase 
into  a  125-ml.  separatory  funnel,  add  10  ml.  of  0.05%  dithizone 
in  carbon  tetrachloride  to  the  aqueous  solution,  and  extract  as 
outlined  above.  Continue  the  extraction  until  the  carbon  tetra¬ 
chloride  phase  remains  green  or  becomes  a  brownish  purple; 
then  extract  once  more  to  ensure  the  complete  extraction  of 
zinc  and  lead.  (If  a  brownish  purple  scum  forms  over  the  car¬ 
bon  tetrachloride  during  the  extractions,  do  not  transfer  it  to  the 
125-ml.  separatory  funnel.  The  scum  is  nickel  dithizonate 
which  is  slightly  soluble  in  carbon  tetrachloride.)  Shake  the 
aqueous  solution  with  two  small  portions  of  carbon  tetrachloride 
to  rinse  out  droplets  containing  zinc  and  lead.  Add  these  to  the 
125-ml.  separatory  funnel  and  discard  the  aqueous  solution. 
Add  25  ml.  of  water  containing  1  drop  of  ammonia  to  the  com¬ 
bined  extracts  and  shake  to  wash  the  carbon  tetrachloride.  With¬ 
draw  the  carbon  tetrachloride  phase  to  another  125-ml.  separa¬ 
tory  funnel,  shake  the  ammonia  solution  with  two  small  portions 
of  carbon  tetrachloride,  and  add  these  extracts  to  the  main  carbon 
tetrachloride  extract.  Discard  the  ammonia  solution  and  clean 
the  funnel. 

To  the  combined  extract  add  20  ml.  of  0.1  M  hydrochloric 
acid  and  shake  for  2  to  3  minutes.  (The  carbon  tetrachloride 
layer  will  turn  green  if  no  copper  is  present.)  Withdraw  the 
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carbon  tetrachloride  phase  to  the  other  125-ml.  separatory  funnel. 
Rinse  the  hydrochloric  acid  solution  with  two  small  portions 
of  carbon  tetrachloride  and  combine  the  latter  with  the  carbon 
tetrachloride  extract.  Leave  the  hydrochloric  acid  solution  in 
the  separatory  funnel  with  any  scum  and  droplets  of  carbon 
tetrachloride. 

Add  10  ml.  of  fresh  0.1  M  hydrochloric  acid  to  the  carbon 
tetrachloride  extract,  shake  for  2  to  3  minutes,  and  discard  the 
carbon  tetrachloride  phase.  Rinse  the  hydrochloric  acid  solution 
with  two  small  portions  of  carbon  tetrachloride  and  transfer  it 
quantitatively  to  the  separatory  funnel  containing  the  20-ml. 
portion. 

Shake  the  combined  hydrochloric  acid  solution  with  several 
small  portions  of  chloroform  until  the  chloroform  remains  colorless, 
and  discard  the  chloroform.  (The  nickel  dithizonate  scum  is 
soluble  in  chloroform  and  thus  only  a  few  droplets  of  clear  chloro¬ 
form  should  remain  with  the  acid  solution.)  Transfer  the  acid 
solution  quantitatively  to  a  100-ml.  beaker  and  boil  on  a  hot 
plate  to  expel  all  the  chloroform.  Cool  the  solution  to  room  tem¬ 
perature,  transfer  it  to  a  50-ml.  volumetric  flask,  add  1  ml.  of 
0.5%  gelatin  and  1  ml.  of  pyridine,  and  dilute  to  the  volume  mark 
with  distilled  water.  Transfer  the  solution  to  a  polarographic 
cell,  bubble  with  nitrogen  for  5  to  10  minutes  to  remove  oxygen, 
and  record  a  polarogram  from  —0.2  to  —0.6  volt  vs.  S.C.E.  to 
determine  lead,  and  from  —0.8  to  —1.2  volts  vs.  S.C.E.  to  deter¬ 
mine  zinc.  Compare  the  diffusion  currents  for  lead  and  zinc 
with  that  observed  for  a  standard  sample  prepared  by  diluting 
known  amounts  of  lead  and  zinc  solutions,  30  ml.  of  0.1  M  hy¬ 
drochloric  acid,  1  ml.  of  pyridine,  and  1  ml.  of  0.5%  gelatin  to  50 
ml. 

Discussion 

Generally,  if  we  have  a  mixture  of  various  elements,  the  ac¬ 
curacy  of  the  determination  of  the  polarographic  wave  of  the 
element  reduced  first  is  not  affected  by  the  amount  of  the  other 
elements  present.  Thus,  a  trace  of  ferric  iron  can  be  determined 
polarographically  in  the  presence  of  all  the  other  elements  con¬ 
sidered  in  this  paper. 

We  now  consider  the  determination  of  copper  in  the  presence 
of  ferric  iron.  The  first  wave  corresponds  to  the  reduction  of 
ferric  to  ferrous  iron  and  the  second  to  the  reduction  of  cupric 
copper  to  the  metallic  state.  If  the  concentration  of  copper  is 
of  the  same  order  of  magnitude  or  greater  than  that  of  iron,  the 
accuracy  of  the  copper  determination  is  not  affected  appreciably 
by  the  iron.  On  the  other  hand,  if  the  concentration  of  copper  is 
roughly  less  than  one  tenth  that  of  iron,  the  accuracy  of  the 
polarographic  copper  determination  becomes  much  less  than 
when  the  iron  is  absent.  This  situation  often  prevails  in  the 
analysis  of  aluminum  alloys.  In  order  to  get  reliable  results  for 
copper,  it  is  necessary  to  make  the  iron  harmless. 

A  similar  situation  holds  for  lead.  Aluminum  alloys,  as  a  rule, 
contain  very  small  amounts  of  lead  as  compared  to  iron  and 
copper;  therefore,  ferric  iron  and  copper  must  be  made  harm¬ 
less  before  determining  the  lead  polarographically.  A  similar 
situation  exists  for  nickel  and  zinc.  Iron  and  copper  must  be 
made  harmless  before  determining  nickel  and  zinc. 

The  polarographic  behavior  of  some  metals  is  altered  greatly 
in  the  presence  of  the  high  concentrations  of  aluminum  found  in 
solutions  of  alloys — for  example,  in  the  absence  of  aluminum, 
nickel  and  zinc  can  be  determined  very  simply  by  using  a  medium 
containing  thiocyanate.  However,  with  a  large  amount  of 
aluminum,  the  nickel  wave  is  distorted,  which  makes  the  deter¬ 
mination  of  nickel  and  zinc  impossible.  As  another  example, 
zinc  and  nickel,  in  the  presence  of  much  citrate  and  a  little  thio¬ 
cyanate  and  pyridine,  do  not  give  polarographic  waves  but  when 
much  aluminum  is  present,  well-defined  waves  are  obtained. 
It  is  found,  also,  that  the  diffusion  coefficients  of  ions  vary  with 
moderate  variations  in  the  aluminum  concentration. 

Because  of  these  peculiarities,  it  is  necessary  to  use  solutions 
of  the  metals  containing  aluminum  at  the  approximate  concen- 
i  tration  present  in  alloy  solutions  for  comparison. 

COMBINATION  OF  IRON,  COPPER,  AND  LEAD 

The  determination  of  iron  in  nitric  acid  solutions  entails  no 
difficulty  through  interferences  by  other  metals  in  the  solution. 


However,  it  is  necessary  that  the  aluminum  content  of  the  un¬ 
known  solution  be  about  equal  to  that  of  the  standard  solution, 
that  the  solution  remain  free  of  chloride,  and  that  a  polarographic 
cell  with  an  outside  reference  electrode  be  used  (ferric  iron  oxi¬ 
dizes  mercury). 

When  the  amount  of  copper  in  the  alloy  is  much  less  than  that 
of  iron,  the  iron  is  rendered  harmless  either  by  reduction  to  the 
ferrous  state  or  by  removal  from  the  solution.  Reduction  can  be 
accomplished  simply  by  adding  hydroxylamine  hydrochloride 
to  the  solution.  The  reduction  in  acid  solution  proceeds  very 
slowly  at  room  temperature  and  thus  the  solution  should  be 
heated.  Copper  is  not  reduced  by  hydroxylamine  hydrochloride 
and  the  small  amount  of  chloride  introduced  with  the  hydroxyl¬ 
amine  is  not  sufficient  to  alter  the  polarographic  wave  of  copper. 

In  the  determination  of  lead,  large  amounts  of  iron  and  copper 
interfere,  since  their  waves  precede  that  of  lead.  Generally,  in 
aluminum  alloys,  the  amounts  of  iron  and  copper  are  much 
larger  than  that  of  lead  and  these  interfering  substances  must  be 
rendered  harmless.  This  is  accomplished  most  simply  by  reduc¬ 
tion  with  hydroxylamine  hydrochloride  in  the  presence  of  thio¬ 
cyanate;  iron  is  reduced  to  the  ferrous  state  and  copper  pre¬ 
cipitates  as  cuprous  thiocyanate.  When  this  method  was  applied 
to  some  standard  aluminum  alloys,  it  was  found  that  the  ob¬ 
served  lead  content  was  much  higher  than  the  reported  value — 
for  example,  sample  A.R.I.  39  showed  0.57%  lead  as  compared 
to  the  reported  value  of  0.49%.  If  the  alloy  solution  in  nitric 
acid  is  neutralized  to  around  pH  2.5  before  it  is  treated  with  hy¬ 
droxylamine  hydrochloride  and  thiocyanate,  the  results  for  the 
lead  determination  agree  well  with  the  reported  values.  The 
adjustment  of  the  pH  has  the  further  advantage  that  in  solu¬ 
tions  with  pH  around  2.5,  ferric  iron  and  copper  are  reduced 
rapidly  at  room  temperature  by  hydroxylamine  and  thiocyanate-. 
This  is  the  method  recommended  for  the  determination  of  lead 
(cf.  Section  5). 

The  high  results  for  lead  which  are  observed  in  the  acid  alloy 
solutions  are  probably  due  to  the  incomplete  reduction  of  copper 
or  to  the  solubility  of  cuprous  thiocyanate  which  is  reduced  at  the 
dropping  mercury  electrode  in  the  presence  of  thiocyanate  at 
—  0.39  volt.  When  the  pH  is  adjusted  to  2.5  the  reduction  of 
copper  by  hydroxylamine  and  thiocyanate  is  complete  and  the 
interference  with  lead  is  eliminated.  The  high  results  for  lead 
were  at  first  attributed  to  the  possible  presence  of  some  tin,  but 
it  was  found  that  stannic  tin  does  not  interfere  with  the  lead 
determination.  However,  the  presence  of  tin  gives  a  slight  in¬ 
crease  in  the  diffusion  currents  of  both  nickel  and  zinc  in  the 
medium  in  which  the  pH  is  adjusted. 

Other  methods  for  determining  lead  were  tried  without  success. 
In  an  alkaline  cyanide-citrate  medium,  copper  gives  no  wave 
but  iron  gives  a  wave  which  coincides  with  that  of  lead  (dis¬ 
solution  potential  of  mercury).  Since  ferric  iron  cannot  be  re¬ 
duced  quickly  and  completely  in  this  medium,  the  method 
was  abandoned  as  unsuitable  for  determining  lead. 

Lead  in  sodium  hydroxide  solutions  gives  a  good  wave  but  some 
lead  is  coprecipitated  with  ferric  hydroxide  in  alloy  solutions 
and  no  further  work  was  done  in  this  medium. 

Other  methods  beside  the  hydroxylamine-thiocyanate  method 
may  be  used  to  remove  iron  and  copper.  By  electrolysis,  copper 
is  plated  out  and  ferric  iron  is  reduced  in  acid  solutions  of  the 
alloys.  This  method,  however,  requires  a  long  time  (30  to  45 
minutes). 

Ferric  iron  is  reduced  to  the  ferrous  state  and  copper  is  pre¬ 
cipitated  and  removed  as  cuprous  thiocyanate  when  an  alloy 
solution  containing  thiocyanate  is  passed  through  a  silver  re- 
duetor.  This  method  is  not  recommended  in  the  present  work 
for  the  reduction  of  iron  and  removal  of  copper,  since  the  volume 
of  solution  is  increased  by  rinsing  out  the  reductor.  Where  this 
increase  in  volume  is  of  little  consequence,  this  method  is  ex¬ 
cellent  for  quickly  reducing  iron  and  removing  copper. 

Copper  and  small  amounts  of  ferrous  iron  can  be  extracted  by 
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Figure  1.  Behavior  of  Nickel  in  Thiocyanate  Medium 

1.  Solution  containing  1.00  ml.  ol  0.01  M  Ni(NOs)?,  1.0  ml.  of  2  M  KCNS,  an 

0.5  ml.  of  0.5%  gelatin,  made  up  to  25.0  ml. 

2.  Same  as  1,  but  0.05  ml.  of  1:1  nitric  acid  added  before  dilution  to  25.0  ml. 

3.  Same  as  1,  but  5.0  ml.  of  standard  aluminum  solution  added  before  dilution  to 

25  ml. 

4.  To  ca.  20  ml.  of  solution  3,  2.0  ml.  ol  1  M  sodium  hydroxide  added  to  neu¬ 

tralize  the  excess  aid.  Aluminum  hydroxide  begins  to  precipitate 


a  chloroform  solution  of  a-nitroso-/?-naphthol  from  aqueous  solu¬ 
tions  buffered  with  acetic  acid  and  sodium  acetate.  Ferric  iron 
precipitates  with  this  reagent  and  is  not  extracted  readily.  For 
use  in  routine  analyses,  this  extraction  method  is  tedious  and  not 
very  satisfactory. 

From  solutions  as  acid  as  0.1  to  0.2  M  in  hydrochloric  acid, 
copper  is  extracted  by  dithizone  in  carbon  tetrachloride.  From 
neutral  or  slightly  alkaline  solutions,  other  metals — e.g.,  zinc 
and  lead — are  also  extracted  but  copper  can  be  separated  from 
these  metals  by  shaking  the  carbon  tetrachloride  extract  with 
0.1  M  hydrochloric  acid.  Copper  dithizonate  remains  in  the  car¬ 
bon  tetrachloride  phase  while  the  zinc  and  lead  dithizonates  enter 
into  the  aqueous  phase.  Iron  is  not  extracted,  but  large  amounts 
of  ferric  iron  interfere  by  oxidizing  the  dithizone.  With  large 
amounts  of  copper,  the  method  is  difficult,  expensive,  and  im¬ 
practical,  since  large  amounts  of  dithizone  and  carbon  tetra¬ 
chloride  are  required. 

Copper-free  solutions  can  be  obtained  by  dissolving  the  alloy 
in  dilute  hydrochloric  acid.  Most  of  the  copper  and  nickel  re¬ 
main  in  the  residue.  Iron  dissolves  and  is  present  in  the  ferrous 
state.  This  method  can  be  used  to  dissolve  alloys  in  which  zinc 
is  determined  by  the  dithizone  extraction  method  (cf.  Section  8). 


as  the  supporting  electrolyte.  However,  if  a  large  amount  of 
aluminum  is  added  to  this  ammoniacal  citrate  solution,  the 
nickel  wave  becomes  poorly  defined  and  the  diffusion  current 
falls. 

If  ammonia  is  used  in  the  absence  of  citrate  to  precipitate  the 
aluminum  and  other  trivalent  cations  in  the  alloy  solution,  some 
of  the  nickel  coprecipitates.  In  an  ammoniacal  medium  contain¬ 
ing  ferrous  iron,  the  wave  plateau  for  nickel  is  not  reached  com¬ 
pletely  before  ferrous  iron  begins  to  be  reduced.  This  makes  the 
measurement  of  the  nickel  wrave  difficult.  For  these  reasons,  the 
determination  of  nickel  after  precipitating  the  aluminum  with 
ammonia  is  unsatisfactory. 


DROPPING  MtkCUfCf  tLtCTRODt  lOTtNTlkL  (vs.SX.t.1 

Figure  2.  Behavior  of  Nickel  in  Citrate-Thiocyanate  Medium 

1 .  1  5.0  ml.  of  standard  aluminum  solution  +  4.00  mg.  of  zinc  +  2.27  mg. 

of  nickel  run  according  to  recommended  rapid  procedure  for  determi¬ 
nation  of  nickel  and  zinc 

2.  Same  as  1,  but  pyridine  omitted 

3.  Same  as  2,  but  in  absence  of  zinc 


If  pyridine  is  used  in  place  of  ammonia  to  precipitate  the  tri¬ 
valent  cations,  nickel  does  not  coprecipitate.  In  this  medium, 
nickel  gives  a  well-defined  wave  with  the  half-wave  potential 
sufficiently  positive  to  eliminate  interference  by  ferrous  iron. 
This  is  a  satisfactory  method  for  determining  nickel  in  aluminum 
alloys;  however,  the  thiocyanate  used  in  making  ferric  iron  and 
copper  harmless  interferes  because  of  precipitation  of  nickel  pyri¬ 
dine-thiocyanate.  For  this  reason,  the  hydroxylamine  hydro¬ 
chloride-thiocyanate  method  recommended  for  removing  copper 
and  reducing  iron  cannot  be  used.  The  removal  of  copper  and 
reduction  of  ferric  iron  can  be  accomplished  by  electrolysis. 


NICKEL. 

When  an  aluminum  alloy  solution  is  analyzed,  the 
nickel  wave  hi  noncomplex-forming  supporting  elec¬ 
trolytes  cannot  be  used,  since  the  zinc  wave  interferes. 
The  wave  for  nickel  in  the  presence  of  thiocyanate, 
which  is  suitable  for  determining '  nickel  alone,  can¬ 
not  be  used,  since  it  is  distorted  by  a  large  excess  of 
aluminum.  This  effect  is  shown  in  Figure  1.  Nickel 
in  neutral  thiocyanate  gives  a  good  wave  (Figure  1, 
curve  1).  The  addition  of  aluminum  produces  an  ap¬ 
parent  maximum  in  this  wave  (curve  3)  which  is  due 
to  the  presence  of  too  large  a  concentration  of  hydro¬ 
gen  ions  (compare  with  curve  2).  However,  even 
after  the  pH  is  adjusted,  the  nickel  wave  in  the  pres¬ 
ence  of  excess  aluminum  is  distorted  and  cannot  be 
used  for  quantitative  purposes  (curve  4). 

In  a  solution  containing  either  potassium  citrate  or 
potassium  oxalate  as  the  supporting  electrolyte,  nickel 
does  not  give  a  polarographic  wave.  If  an  excess  of 
ammonia  is  added  to  either  of  these  solutions,  a  wave 
is  obtained  with  the  same  half-wave  potential  as 
is  observed  with  ammonia  and  ammonium  chloride 


o 


u» 


Figure  3.  Standard  Iron  and  Copper 

1 .  10.01 5  ml.  of  standard  aluminum  solution  4-  0.5  ml.  of  0.5%  gelatin  made  up  to  25.0  ml. 
2  and  3.  10.015  ml.  of  standard  aluminum  solution  +  5.00  mg.  of  Cu(ll)  +  2.00  mg.  of 
Fe(IIIL+  0.5  ml.  of  0.5%  gelatin  made  up  to  25.0  ml. 
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Figure  4.  Standard  Lead 

10.015  ml.  of  standard  aluminum  solution  + 
18.7  mg.  of  Cu(ll)  +  2.23  mg.  of  Fe(lll)  + 
1.00  mg.  of  Pb(!l)  run  according  to  recom¬ 
mended  procedure  (treatment  with  KCNS, 
NHsOH.HCI,  and  NaOH) 


This  is  the  special  method  suggested  for  the  separation  analysis  of 
nickel  (cf .  Section  7) . 

Well-defined  nickel  waves  are  obtained  in  aluminum  solutions 
having  a  pH  around  4.5  and  containing  a  large  amount  of  citrate 
with  some  thiocyanate  and  pyridine  (see  Figure  2,  curve  1). 
The  presence  of  the  citrate  prevents  the  precipitation  of  nickel 
with  the  combination  of  thiocyanate  and  pyridine.  Use  of  this 
fact  is  made  in  the  recommended  rapid  method  for  determining 
nickel  and  zinc  (see  Section  6).  It  was  found  that  the  presence 
of  large  amounts  of  aluminum  is  necessary  to  get  a  well-defined 
nickel  wave.  In  the  absence  of  much  aluminum,  no  nickel  wave 
is  obtained  and  the  zinc  wave  is  distorted.  The  explanation  of 
this  peculiar  behavior  undoubtedly  is  that  in  the  absence  of 
much  aluminum,  the  citrate  forms  stable  complexes  with  nickel 
and  zinc  and  thus  shifts  their  reduction  potentials  to  values 
more  negative  than  the  hydrogen  discharge  potential  in  this 
medium.  The  presence  of  much  aluminum  ties  up  much  of  the 
citrate  in  the  form  of  a  complex,  thus  decreasing  the  stability  of 
the  nickel  and  zinc  complexes  and  making  possible  the  reduc¬ 
tion  of  nickel  and  zinc. 

If  the  pyridine  is  omitted  in  this  procedure,  the  plateau  of  the 
nickel  wave  is  distorted,  as  is  shown  in  curve  3  in  Figure  2.  [In 
the  presence  of  zinc  the  distortion  of  the  nickel  plateau  manifests 
itself  in  the  zinc  wave  (see  curve  2,  Figure  2)]. 


ZINC 


veloped  and  is  recommended  as 
an  accurate  method  for  deter¬ 
mining  zinc  (cf.  Section  8). 

A  weakly  ammoniacal  (pH  8.5 
to  9)  solution  of  an  aluminum 
sample  to  which  sodium  citrate 
has  been  added  to  prevent  the 
precipitation  of  aluminum  and 
iron,  etc.,  is  shaken  with  a  car¬ 
bon  tetrachloride  solution  of  di- 
thizone.  Of  the  metals  normally 
present  "in  aluminum,  only 
copper,  lead,  zinc,  and  nickel 
are  extracted  from  the  ammonia¬ 
cal  solution  by  the  carbon  tetra¬ 
chloride  solution  of  dithizone. 
Nickel  dithizonate  is  slightly 
soluble  in  carbon  tetrachloride 
and  is  extracted  slowly  after  the 
other  metals  are  completely  ex¬ 
tracted.  When  the  carbon  tetra¬ 
chloride  extract  is  shaken  with 
0.1  M  hydrochloric  acid,  lead  and 
zinc  dithizonate  are  decomposed 
and  the  ions  go  into  the  aqueous 
phase.  Copper  dithizonate  is 
stable  in  the  presence  of  the  acid 
solution,  and  nickel  dithizonate 
decomposes  slowly.  Therefore,  when  an  ammoniacal  citrate  solu¬ 
tion  of  aluminum  is  extracted  with  dithizone  in  carbon  tetra¬ 
chloride  and  the  extract  shaken  with  acid  as  described  above,  lead 
and  zinc  are  separated  from  all  other  metals. 

Colorimetric  Determination  of  Zinc.  It  should  be  pos¬ 
sible  to  use  a  slight  variation  of  this  method  as  the  basis  for  a 
colorimetric  method  for  determining  traces  of  zinc  in  aluminum. 
To  the  0.1  M  hydrochloric  acid  solution  containing  zinc  and 
lead,  add  an  acetic  acid-sodium  acetate  buffer  to  give  a  pH  ca. 
4.75  and  sodium  thiosulfate  to  form  complexes  with  lead  and 
traces  of  nickel  which  may  be  present.  Shake  this  solution  with  a 
standard  dithizone  solution  in  carbon  tetrachloride  and  meas- 


Table  I.  Reported  Analyses  of  Alloy  Standards 


DROPPING  MtRCURY  ELtCTfRODt  POTtNTlAL 

Figure  5.  Standard  Nickel  and  Zinc 

15.0  ml.  of  standard  aluminum  solution  +  2.23  mg.  of  Fe(lll) 
+  1 2.7  mg.  of  Cu(ll)  +  1 .00  mg.  of  Pb(ll)  +  2.27  mg.  of  Ni(ll)  + 
5.01  mg.  of  Zn(ll),  run  according  to  recommended  rapid  pro¬ 
cedure  for  determination  of  nickel  and  zinc 


A.R.I.  39“ 

A.R.I.  40° 

B.S.  85* 

B.S.  86b6 

Copper 

7.39 

0.37 

4.11 

7.87 

Iron 

1.01 

0.83 

0.39 

1.53 

Zinc 

2.20 

0.25 

0.014 

1.50 

Manganese 

0.21 

0.09 

0.56 

0.013 

Silicon 

1.88 

5.57 

0.46 

0.47 

Magnesium 

0.21 

0.13 

0.40 

Nickel 

0.83 

0. 10 

Tin 

1.05 

0.  12 

001 

.  .  . 

Lead 

0.49 

0.10 

0 . 007 

.  . 

Titanium 

0.09 

0.07 

0.022 

0.032 

Chromium 

0.36 

0.09 

.  . 

Calcium  0.05?  0.05? 

<*  Alloy  standards  of  Aluminum  Research  Institute. 
b  Alloy  standards  of  National  Bureau  of  Standards. 

Since  polarographic  waves  of  nickel  in  various 
media  are  abnormal,  the  determination  of  zinc  in  the 
presence  of  nickel  is  limited  to  solutions  in  which 
nickel  behaves  normally.  When  the  ratio  of  nickel  to 
zinc  is  large,  a  separation  is  necessary. 

In  either  ammonia  or  pyridine  solutions,  zinc  in 
alloy  solutions  is  coprecipitated  strongly  with  the 
trivalent-cation  hydroxides.  Zinc  is  also  coprecipi¬ 
tated  with  ferric  hydroxide  in  solutions  containing 
excess  sodium  hydroxide. 

If  citrate  is  used  to  keep  aluminum  in  solution,  a 
well-defined  zinc  wave  is  obtained  in  the  presence  of 
pyridine  at  a  pH  of  4.5  with  and  without  thiocyanate 
present.  Use  of  this  fact  is  made  in  the  recommended 
rapid  method  for  determining  nickel  and  zinc  (cf. 
Section  6) . 

Zinc  can  be  separated  readily  from  most  of  the  metals 
present  in  aluminum  alloys,  by  extraction  with  di¬ 
thizone  in  carbon  tetrachloride.  A  procedure  was  de¬ 


Figure  6.  Determination  of  Iron  and  Copper  in  Sample  A.R.I.  39 
10.01  5  ml.  of  A.R.I.  39  lolution  run  according  to  recommended  procedure 
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Table  II.  Summary  of  Results  Observed  on  Standard  Alloys 

A.R.1. 39  A.R.I.  40  B.S.  85  B.S.  86b 


Re¬ 

Ob¬ 

Re¬ 

Ob¬ 

Re¬ 

Ob¬ 

Re¬ 

Ob¬ 

ported 

served 

ported 

served 

ported 

served 

ported 

served 

Iron 

0.98  to  0.98 
1.01“ 

0.83 

0.84 

0.39 

0.40 

1.53 

1.56 

Copper 

7.39“ 

7.62 

0.37 

0.39 

4.11 

4.18 

7.87 

7.94 

Lead 

0.49  0.47 

0.456 

0.10 

0.11 

0.096 

0.007 

•  •  • 

Nickel 

0.83  0.80“ 

0.854 

0.10 

0.10c 

0.094 

... 

0“ 

Zinc 

2.20  1.98“ 

2.156 

0.25 

0.24“ 

0.226 

0.014 

... 

1.50 

1.42“ 

1.456 

“  Not  officially  accepted  values. 

&  Results  obtained  by  dithizone  extraction  method  outlined  in  Section  8. 
c  Results  obtained  by  rapid  method  outlined  in  Section  6. 

d  Results  obtained  after  electrolysis  of  solution  and  precipitation  of  aluminum  with 
pyridine.  Method  in  Section  7. 
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seen  from  Table  II  that  the  agreement  between 
reported  values  and  those  found  polarographically 
is  satisfactory. 

The  polarographic  curves  used  in  the  analysis 
of  Aluminum  Research  Institute  sample  39  are 
shown  in  Figures  3  through  8. 

Figures  3,  4,  and  5  are  used  to  obtain  standard 
values  for  the  various  elements  determined.  The 
iron  wave  in  Figure  6  was  used  to  determine  the 
percentage  of  iron.  The  diffusion  current  must  be 
corrected  for  the  residual  current  of  aluminum  in 
the  absence  of  iron  (curve  1,  Figure  3).  The  con¬ 
centration  of  copper  in  the  alloy  sample  was  too 
large  and  a  smaller  volume  of  alloy  solution  must 
be  used.  This  was  done  in  obtaining  curve  1  in 
Figure  7  which  was  run  on  1.000  ml.  of  alloy 
solution  by  the  recommended  procedure.  Lead 
was  determined  by  the  procedure  recommended 
in  Section  5  (see  curve  2  in  Figure  7).  Nickel 
and  zinc  were  determined  by  the  procedure  recom¬ 
mended  in  Section  6  (see  Figure  8). 

For  routine  analyses,  it  will  not  be  necessary  to 
run  standard  curves  for  each  alloy.  Standard 
curves  may  be  run  for  the  capillary  used  as  the 
dropping  mercury  electrode  and  these  curves 
used  in  all  analyses.  In  routine  work,  it  would 
be  more  convenient  to  know  the  ratio  of  the  dif¬ 
fusion  current  constants  for  the  metals  Fe(III), 
Cu(II),  Pb,  Ni,  and  Zn  obtained  under  condi¬ 
tions  of  the  recommended  procedures.  Thus,  if 
one  determines  with  his  own  capillary  the  stand¬ 
ard  value  of  one  of  these  metals,  the  concentra¬ 
tion  of  the  other  metals  can  be  found  from  the 
known  ratio  of  the  diffusion  currents.  Although 
it  is  recommended  that  each  worker  determine 


Figure  7.  Determination  of  Copper  and  Lead  in  Sample  A.R.I.  39 

1 .  1 .000-ml.  aliquot  sample 

2,  20.01 5-ml.  aliquot  sample 


ure  the  transmittancy  of  the  carbon  tetrachloride  phase  with 
tight  of  either  520  to  540  or  620  m^  wave  length  (2). 


APPLICATION  OF  RECOMMENDED  PROCEDURE  TO  SEVERAL  ALLOYS 

The  recommended  procedures  outlined  above  were  applied 
to  the  following  aluminum  alloys:  Aluminum  Research  Insti¬ 
tute  (A.R.I.)  samples  39  and  40,  and  Bureau  of  Standards  samples 
85  and  86b.  The  reported  complete  analyses  for  these  alloys  are 
given  in  Table  I,  and  a  summary  of  the  results  obtained  for  these 
alloys  by  the  recommended  procedures  is  given  in  Table  II.  It  is 


Figure  8.  Determination  of  Nickel  and  Zinc  in  Sample 
A.R.I.  39  (Rapid  Method) 


these  ratios  with  his  own  capillary,  the  authors 
are  adding  the  ratios  found  in  their  work.  The 
diffusion  currents  observed  for  standard  samples 
run  according  to  the  recommended  procedures 
and  containing  1.00  mg.  of  metal  in  25  ml.  of 
final  solution  were:  for  iron,  2.06;  for  copper,  4101 ;  for 
lead,  1.47;  for  nickel,  3.78;  and  for  zinc,  3.88  microamperes. 
Thus,  for  equal  amounts  of  each  metal  in  the  solution  the 
ratio  referred  to  ferric  iron  is:  copper  1.95,  lead  0.714,  nickel 
1.83,  and  zinc  1.88. 

The  approximate  time  required  for  a  complete  analysis  for 
iron,  copper,  lead,  nickel,  and  zinc  can  be  estimated  roughly  as 
follows: 

The  preparation  of  the  alloy  solution  requires  about  45  minutes, 
but  solutions  of  different  samples  can  be  made  at  one  time  such 
that  the  time  for  each  sample  will  average  much  less  than  45 
minutes.  If  the  amounts  of  iron  and  copper  are  not  too  large, 
they  can  be  determined  in  10  to  15  minutes.  Lead  can  be  deter¬ 
mined  in  about  15  minutes  and  nickel  and  zinc  by  the  rapid 
method  in  about  20  minutes.  Thus  the  total  analysis  for  the 
five  metals  can  be  carried  out  in  about  45  minutes.  In  routine 
analyses  the  actual  time  spent  will  be  less  than  45  minutes,  be¬ 
cause  other  manipulations  can  be  carried  during  the  period  in 
which  oxygen  is  removed  from  the  polarographic  cells. 

The  polarographic  determination  of  metals  other  than  those 
discussed  in  this  paper  will  be  investigated  in  the  future. 
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Determination  of  Petroleum  Oil  Spray  Deposits 

on  Citrus  Leaves 

JAMES  B.  REDD 

Florida  Citrus  Commission  Research  Department,  Citrus  Experiment  Station,  Lake  Alfred,  Fla. 


In  studying  the  insecticidal  efficiency  and  phytocidal  value  of 
petroleum  oil  spray  deposits  on  citrus,  it  has  been  necessary  to  de¬ 
termine  accurately  the  amount  of  oil  deposited  by  oil  sprays  and  the 
amount  retained  by  the  foliage  over  a  period  of  several  weeks.  In 
order  to  eliminate  the  error  introduced  by  the  extraction  of  variable 
amounts  of  plant  waxes  and  at  the  same  time  retain  the  advantages  of 
gravimetric  measurement,  it  is  proposed  to  sulfonate  the  extract  in 
petroleum  ether,  separate  the  petroleum  ether  containing  the  un¬ 
reacted  oil,  and  weigh  the  residue  after  evaporating  the  ether. 

BEFORE  the  insecticidal  efficiency  and  the  phytocidal  value 
of  different  types  of  petroleum  oils  (as  their  emulsions)  for 
citrus  trees  can  be  compared,  it  is  necessary  to  determine  accu¬ 
rately  the  amount  of  oil  deposited  on  the  foliage  by  the  emulsion. 
It  is  also  important  to  be  able  to  determine  the  amount  of  oil 
retained  by  the  foliage  over  a  period  of  several  weeks. 

The  earlier  attempts  at  estimating  oil  deposits  were  based  on 
insect  kill  and  severity  of  injury  to  the  host  plant,  while  other 
estimates  were  based  on  the  difference  between  the  oil  contents  of 
the  runoff  from  sprayed  surfaces  and  of  the  emulsion  ( 6 ,  8). 

English  (7)  described  the  first  method  of  measuring  oil  de¬ 
posits  directly,  which  consisted  of  extracting  with  ethyl  ether 
disks  cut  from  sprayed  leaves.  The  solvent  was  evaporated  and 
the  oil  plus  leaf  extract  was  recovered  by  centrifuging.  Un¬ 
sprayed  leaves  were  extracted  and  treated  in  the  same  manner  to 
determine  the  amount  of  leaf  extract.  More  recent  workers 
( 8 ,  5)  have  shown  that  the  oil  extraction  is  incomplete  and  the 
amount  of  leaf  extract  variable.  Other  workers  have  used 
different  types  of  extraction  apparatus  and  have  removed  the 
leaf  extract  by  freezing  (4),  or  by  sulfonating  the  extract  and 
recovering  the  unreacted  (or  raffinate)  oil  by  centrifuging.  These 
methods  are  limited  in  accuracy.  One  of  the  limitations  of  the 
gravimetric  method  is  the  variable  amount  of  plant  waxes  ex¬ 
tracted,  while  the  most  serious  limitation  of  the  volumetric 
methods  is  the  accuracy  in  reading  the  volume  of  oil  recovered. 

The  only  colorimetric  method  reported  ( 9 )  consists  of  saturate 
ing  the  oil  with  an  oil-soluble  dye,  Sudan  III,  spraying  the  oil  as 
an  aqueous  emulsion,  and  recovering  the  dye  by  washing  the 
sprayed  object  with  odorless  kerosene.  The  recovered  dye  is 
then  compared  with  color  standards  containing  known  amounts 
of  dyed  oil.  Cressman  (2)  stated  that  the  addition  of  Sudan  III 
lowered  the  interfacial  tension  between  kerosene  and  water  from 
46  to  25  dynes  per  cm.  However,  in  the  author’s  experience, 
addition  of  Sudan  III  to  three  commercially  used  oils  was  not 
observed  to  lower  the  interfacial  tension  more  than  one  dyne  in 
any  case,  and,  moreover,  emulsions  made  in  a  like  manner  with 
dyed  and  nondyed  oils  gave  comparable  oil  deposits  by  the 
method  described  below.  However,  the  colorimetric  method 
failed  in  field  experiments,  for  in  practice  a  small  amount  of  green 
pigment  is  extracted  from  the  leaves  and  the  matching  with 
known  color  standards  is  difficult.  In  addition,  the  color  fades 
more  than  50%  in  less  than  2  hours  in  direct  sunlight  when 
known  amounts  of  dyed  oil  are  smeared  on  citrus  foliage. 

PROPOSED  METHOD 

In  order  to  eliminate  the  error  introduced  by  the  extraction  of 
variable  amounts  of  plant  extract  and  at  the  same  time  retain  the 
advantage  of  gravimetric  measurement,  it  is  proposed  to  elimi¬ 
nate  the  plant  extract  by  treating  the  petroleum  ether  extract 


with  sulfuric  acid.  This  causes  the  plant  esters  to  disappear  into 
the  acid  layer,  leaving  an  insignificant  aniount  in  the  ether  phase. 
The  petroleum  ether  containing  the  unreacted  oil  is  separated 
and  evaporated  and  the  residue  is  weighed.  The  amount  of  oil 
that  reacts  with  the  sulfuric  acid  can  be  determined  by  treating  a 
weighed  amount  of  the  same  oil  in  like  manner. 

Reagents.  38  N  sulfuric  acid  ( 1 )  and  c.p.  petroleum  ether 
(boiling  point  30 0  to  60 0  C.). 

Apparatus.  Standard  Soxhlet  apparatus,  preferably  equipped 
with  a  stopcock  outlet  at  the  bottom  of  the  barrel  to  permit  re¬ 
moval  of  ether  at  the  end  of  the  refluxing  period  without  dis¬ 
mantling  apparatus.  Sixty-milliliter  separatory  funnels.  A 
punch  for  cutting  1.96-cm.  diameter  disks. 

Procedure.  As  soon  as  a  spray  has  dried  on  the  citrus  tree, 
fifty  clean  mature  leaves  are  picked  at  random  from  the  outside 
canopy;  150  disks  1.96  cm.  in  diameter  (3.0  sq.  cm.  on  each  sur¬ 
face)  are  then  cut  from  the  leaves  and  refluxed  for  2  hours  in  a 
Soxhlet  extractor  with  about  125  ml.  of  petroleum  ether.  At  the 
end  of  the  refluxing  period,  the  condensate  ether  is  drawn  off  the 
barrel  until  only  about  15  ml.  of  ether  and  extract  remain  in  the 
flask.  The  apparatus  is  now  dismantled  and  10  ml.  of  38  N 
sulfuric  acid  are  added  to  the  ether  and  extract.  After  15  min¬ 
utes  at  room  temperature  (20  °  to  25  °  C.)  with  frequent  agitation, 
the  petroleum  ether  is  decanted  into  a  60-ml.  separatory  funnel. 
The  remaining  acid  is  washed  with  two  10-ml.  portions  of  petro¬ 
leum  ether  and  this  petroleum  ether  wash  is  added  to  the  separa¬ 
tory  funnel.  (A  second  separatory  funnel  is  more  efficient  in 
effecting  separation  of  the  acid  and  the  ether  wash.) 

The  combined  petroleum  ether  fractions  are  washed  with  three 
10-ml.  portions  of  distilled  water.  The  petroleum  ether  is  then 
filtered  into  a  tared  flask  and  the  separatory  funnel  and  filter 
paper  are  washed  down  with  5  ml.  of  petroleum  ether.  The 
petroleum  ether  is  evaporated  on  a  water  bath  at  75°  by  an 
aspirator  (25  to  30  mm.  of  mercury).  The  evacuation  is  con¬ 
tinued  for  one  minute  after  the  petroleum  ether  has  apparently  all 
evaporated.  The  vacuum  is  released  and  the  flask  allowed  to 
come  to  equilibrium  with  the  atmosphere  (40  minutes).  The 
tared  flasks  are  always  weighed  against  a  flask  to  compensate 
for  apparent  changes  in  weight,  caused  by  a  difference  in  tem¬ 
perature  and  humidity  between  the  initial  and  final  weighings. 
The  difference  in  weight  between  the  initial  and  final  weighings  is 
the  amount  of  unreacted  (raffinate)  oil  recovered.  To  determine 
the  proportion  of  the  given  mineral  oil  which  will  not  react  under 
the  conditions  of  this  procedure,  50  to  150  mg.  of  the  oil  in  ques¬ 
tion  are  treated  in  the  manner  described  above.  The  percentage 
of  oil  recovered  is  designated  for  the  purpose  of  this  method  as  the 
raffinate  number  of  the  oil,  as  shown  in  Table  I. 

The  original  amount  of  oil  deposited  on  the  foliage  is  the 
amount  of  oil  recovered  divided  by  the  raffinate  number  of  the 
given  oil.  When  the  weight  of  oil  deposited  is  divided  by  the 
area  of  sample  taken  the  oil  deposit  per  unit  area  is  obtained  as 
shown  in  Table  II. 

PRECISION  AND  ACCURACY 

When  several  samples  of  mature  clean  leaves  were  picked  from 
the  same  area  of  sprayed  citrus  trees  the  average  variation  in  oil 
deposit  is  less  than  ±3  micrograms  per  sq.  cm. 


Table  I.  Determination  of  Raffinate  Number 


No. 

Sample  Weight 
Mg. 

Weight  Recovered 
Mg. 

Raffinate  No. 

% 

1 

54.2 

38.9 

71.8 

2 

94.3 

68.4 

72.5 

3 

128.3 

91.8 

Ay. 

71.6 

72.0  ±0.3 

1 

64.8 

44.9 

69.3 

2 

82.2 

56.2 

68.4 

3 

132.6 

90.2 

Av. 

68.0 

68.6  ±0.5 
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When  known  amounts  of  oil  from  50  to  100  mg.  were  smeared 
on  citrus  foliage,  extracted  as  described  above,  and  corrected  for 
sulfonation  the  recovery  was  100.8  ±  1.6%,  shbwn  in  Table  III. 

As  a  test  for  the  completeness  of  recovery  of  the  oil,  50  to  100 
mg.  of  white  mineral  oil  (100%  unsulfonated  residue  A.O.A.C.) 
were  smeared  on  3  sets  of  leaves.  The  recovery  was  94.7,  95.0, 
and  95.1%.  However,  the  refractive  index  of  the  oil  was  lowered 
from  w2d5  1.4692  to  n2D5  1.4682,  indicating  a  reaction  of  the  oil 
with  the  acid.  A  sample  of  oil  was  treated  with  20%  fuming 
sulfuric  acid  at  75°  C.  and  the  unsulfonated  oil  was  separated, 
washed  free  of  sulfonated  material,  and  then  dried.  When  two 
sets  of  leaves  were  smeared  with  50  to  70  mg.  of  this  oil  and  the 
leaves  were  extracted  as  above,  98.0  and  98.8%  of  the  oil  was 
recovered,  but  the  refractive  index  was  lowered  4  units  in  the 
fourth  decimal  place,  which  probably  indicates  a  further  reaction 
between  the  acid  and  the  oil.  , 

To  test  further  for  the  completeness  of  extraction  after  the 
disks  were  extracted  in  the  manner  described  above,  the  samples 
were  dried,  ground,  and  re-extracted.  In  no  case  did  the  re- 
extraction  give  more  than  0.3  microgram  of  oil  per  sq.  cm.  of 
leaf  surface.  In  so  far  as  this  method  of  re-extraction  is  a  valid 
test  (10)  for  the  removal  of  oil,  it  appears  that  any  oil  remaining 
after  the  initial  2-hour  extraction  of  the  fresh  disks  is  negligible. 

INVESTIGATION  OF  VARIABLES 

Itohrbaugh  (10)  has  pointed  out  that  the  oil  is  not  evenly 
distributed  over  the  leaf.  In  the  author’s  experiments  when 
samples  were  taken  from  the  same  area  of  sprayed  trees  and  disks 
were  cut  from  the  tip  of  the  leaf,  the  oil  deposit  averaged  from  10 
to  15%  higher  than  when  random  disks  were  cut.  However, 
the  oil  deposit  on  disks  cut  at  random  as  compared  to  the  oil  de¬ 
posits  on  whole  leaves  was  within  the  experimental  error  of  sam¬ 
pling  as  shown  in  Table  IV.  (The  area  of  whole  leaves  was 


Table  II.  Determination  of  True  Oil  Deposit 

Total 

Area 

of  Sample  Weight 

Oil  in  (Both  Weight  Raffinate  of  Oil 

No. 

Emulsion 

% 

Surfaces) 
Sq.  cm. 

of  Oil 
Mg. 

No. 

% 

Deposit 

Mg. 

Oil 

7 /sq.  cm. 

1 

1.40 

900 

52.4 

72.0 

72.7 

80.9 

2 

1.40 

900 

52.3 

72.0 

72.6 

80.7 

3 

1.40 

900 

51.9 

72.0 

72.1 

80. 1 

4 

1.40 

900 

53.8 

72.0 

74.7 

83.0 

5 

1.40 

900 

52.6 

72.0 

73.0 

Av. 

81.2 

81.2  ±0.8 

6 

1.75 

900 

68. 1 

72.0 

94.5 

105 

7 

1.75 

900 

70.6 

72.0 

98. 1 

109 

8 

1.75 

900 

68.6 

72.0 

95.3 

106 

9 

1.75 

900 

64.0 

72.0 

88.8 

99 

10 

1.75 

900 

69.2 

72.0 

96.2 

Av. 

107 

105  ±  3 

11 

1.40 

900 

50.8 

68.6 

74.0 

82.2 

12 

1.40 

900 

50.3 

68.6 

73.4 

81.5 

13 

1.40 

900 

49.3 

68.6 

71.9 

79.9 

14 

1.40 

900 

50.2 

68.6 

73.2 

81.3 

15 

1.40 

900 

52.3 

68.6 

76.2 

Av. 

84.6 

81.9  ±  1.2 

16 

1.00 

600 

37.9 

94.9 

39.9 

66.5 

17 

1.00 

900 

58.0 

94.9 

61.2 

68.0 

18 

1.00 

900 

56.6 

94.9 

59.7 

66.3 

19 

1.00 

900 

55.8 

94.9 

58.8 

65.4 

20 

1.00 

1200 

76.3 

94.9 

80.4 

Av. 

67.0 

66.6  ±  0.7 

Table  III.  Recovery  of  Petroleum 

Oil  from  Citrus  Leaves 

Oil  Recovered 

Sample 

Weight 

Raffinate 

(Corrected  for 

No. 

of  Sample 

Recovery 

No. 

Sulfonation) 

Recovery 

Mg. 

Mg. 

% 

Mg. 

% 

1 

68.4 

49.4 

72.0 

68.6 

100.2 

2 

96.3 

71.2 

72.0 

98.8 

102.5 

3 

79.8 

57.4 

72.0 

79.7 

99.9 

4 

60.3 

40.6 

68.6 

59. 1 

98.0 

5 

86.9 

60.4 

68.6 

88.0 

101.2 

6 

90.3 

64.0 

68.6 

93.2 

103.2 

Av. 

100.8  ±1.6 

Table  IV. 

Variation  of  Oil  Deposit 

on  Leaf  Surface  from  a  1 .4% 

Oil 

Emulsion  Spray 

Total 

Area, 

Sample 

Both 

Type  of 

Oil  Re- 

Raffinate 

No. 

Surfaces 

Sample 

covered 

No. 

Oil  Deposited 

Sq.  cm. 

Mg. 

% 

Mg. 

y /sq.  cm. 

1 

900 

Disk  from 

leaf  tip 

55. 4 

72.0 

77.0 

85.5 

2 

900 

57.2 

72.0 

79.4 

88.3 

3 

900 

58.5 

72.0 

81.2 

90.2 

Av. 

88.2  ±  2.3 

4 

900 

Disk  at 

random 

49.8 

72.0 

69.2 

76.8 

5 

900 

50.0 

72.0 

69.5 

77.2 

6 

900 

51.4 

72.0 

71.4 

79.4 

Av. 

77.8  ±  1.1 

7 

651 

Whole 

leaves 

35.3 

72.0 

49.1 

75.3 

8 

418 

23.3 

72.0 

32.3 

77.3 

9 

781 

46.1 

72.0 

64.1 

82.0 

Av. 

78.2  ±2.5 

Table  V.  Variation  of  Citrus  Leaf  Extract  from  Unsprayed  Trees 

Boiling  Sample 

Range,  Area 

Sample  Petroleum  (6  Sq.  Cm.  Leaf  Extract  after 


No. 

Ether 

Disks) 

Total  Leaf  Extract 

Sulfonation 

0  c. 

Sq.  cm. 

Mg. 

y/sq.  cm. 

Mg. 

y/sq.  cm. 

1 

33-47 

900 

14.0 

15.6 

0.4 

0.4 

2 

33-47 

900 

17.3 

19.2 

0.6 

0.7 

3 

33—47 

900 

26.1 

29.0 

0.9 

1.0 

Av. 

21.3  ±5.2 

0.7  ±0.2 

4 

43-74 

900 

46.6 

51.8 

1.3 

1.4 

5 

43-74 

900 

23.9 

26.6 

0.7 

0.8 

6 

43-74 

900 

38.9 

43.2 

1.0 

1.1 

Av. 

40.5  ±9.2 

1.1  ±0.2 

determined  by  outlining  the  leaves  on  graph  paper  and  computing 
the  area  after  extraction.)  When  punches  of  different  sizes  were 
used  and  extracted  with  comparable  fractions  of  petroleum  ether, 
the  amount  of  leaf  extract  increased  per  unit  area  the  smaller  the 
disks. 

The  amount  of  leaf  extract  from  citrus  leaves  increases  with 
higher  boiling  petroleum  ether,  is  in  the  same  order  of  magnitude 
as  the  oil  deposit,  and  is  variable  (Table  V).  There  is  more 
variation  between  samples  than  between  extractions  of  different 
varieties  of  citrus  leaves  tested  (oranges,  grapefruit,  and  tanger¬ 
ines).  When  these  extracts  are  sulfonated  as  described  above, 
there  remain  from  0.4  to  1.3  mg.  (0.4  to  1.4  micrograms  per  sq. 
cm.)  of  material  unsulfonated  (Table  V).  Since  the  amount  of 
leaf  extract  unsulfonated  is  small  and  variable  it  is  neglected  and 
not  corrected  for  in  the  determination  of  the  true  oil  deposit. 

A  slight  variation  in  the  concentration  of  the  acid  affects  ma¬ 
terially  the  sulfonation  of  the  oil,  and  it  has  been  found  expedient 
for  routine  laboratory  work  to  include  a  blank  determination  in 
each  group  of  determinations  rather  than  try  to  keep  the  con¬ 
centration  of  acid  at  exactly  82.32%  S03.  It  has  been  found 
that  the  acid  will  be  diluted  from  82.38%  to  less  than  81.88% 
S03  by  opening  the  bottle  in  the  course  of  using  500  ml.  of  the 
38  N  acid. 

To  determine  the  effect  of  sulfonation  on  the  petroleum  ether, 
50  ml.  of  ether  were  treated  by  the  38  N  acid,  and  the  unaffected 
ether  was  separated,  washed,  and  evaporated.  The  nonvolatile 
residue  was  always  less  than  0.2  mg. 

When  55  mg.  of  a  56  Saybolt  second  oil  (3%  distilled  at 
235 0  C.  and  20%  at  264 0  C.)  were  dissolved  in  50  ml.  of  petroleum 
ether  (b.p.  30°  to  60°  C.)  and  evaporated  in  the  manner  de¬ 
scribed  above,  no  loss  in  weight  could  be  detected. 

When  leaves  were  picked  and  stored  in  air-tight  containers  at 
38°  F.  for  periods  up  to  one  week,  the  oil  deposit  was  within  the 
experimental  error  of  sampling. 

This  method  enables  the  rate  of  evaporation  of  petroleum  oil 
from  citrus  leaves  to  be  followed  with  a  fair  degree  of  accuracy 
even  when  the  plant  extract  is  many  times  greater  than  the  oil 
remaining  on  the  foliage. 


October,  1945 


ANALYTICAL  EDITION 


623 


The  sample  size  as  well  as  the  disk  size  taken  here  is  for 
convenience  and  other  sizes  work  equally  well.  Precision  of  the 
method  seems  to  be  in  proportion  to  number  of  leaves  sampled. 
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Estimation  of  Sucrose  and  Lactose  in  Binary  Mixtures 

With  Particular  Application  to  Sweetened  Conden  sed  Milk 


H.  H.  BROWNE,  Division  of  Dairy  Research  Laboratories,  Bureau  of  Dairy  Industry,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 


THE  method  described  here  for  estimating  sucrose  and  lac¬ 
tose  is  based  on  the  fact  that  sodium  bisulfite  decreases  the 
optical  rotation  of  aldose  sugars  ( S ),  and  that  the  optical  rotation 
of  a  mixture  of  two  sugars,  at  least  one  of  which  is  such  a  sugar, 
can  be  made  a  linear  function  of  the  concentration  of  each  sugar. 
A  method  for  the  determination  of  maltose  and  dextrose  in  a 
binary  mixture  has  been  reported  earlier  (2).  The  method  herein 
described  consists  of  two  steps:  the  determination  of  the  per¬ 
centage  of  total  sugars  by  means  of  the  refractometer  and  the 
measurement  of  the  optical  rotation  of  a  solution  containing  a 
known  percentage  of  total  sugars  in  the  presence  of  sodium  bi¬ 
sulfite. 

For  the  actual  determination  of  these  sugars,  a  curve  is  first 
plotted  using  the  data  in  Table  I,  the  rotation  being  measured 
in  a  Schmidt  and  Haensch  saccharimeter. 

The  data  in  Table  I  were  obtained  by  dissolving  the  sugars  in 
the  ratios  given  in  sugar  dilution  flasks,  adding  30  grams  of  so¬ 
dium  metabisulfite  per  10  grams  of  sugar,  making  up  to  the  110- 
ml.  mark  with  distilled  water,  letting  stand  (stoppered)  about  2 
hours  at  20°  C.,  and  then  reading  the  rotation. 

It  was  found  that  when  the  rotations  corresponding  to  the  two 
100%  points  were  plotted,  and  then  connected  by  a  straight  line, 
the  intermediate  points  all  lay  practically  on  this  line,  the  sucrose- 
lactose  rotation  plot  shown  in  Figure  1 . 

METHOD 

In  applying  the  method  to  sweetened  condensed  milk,  the  most 
commonly  occurring  mixture  of  these  two  sugars,  dissolve  a 
known  weight  of  the  sample,  add  a  portion  of  5%  copper  sulfate 
solution  (3  ml.  per  10  grams  are  suggested)  to  clarify;  and  make 
up  to  a  volume  numerically  equal  to  twice  the  weight  of  sample 


Table  I.  Optical  Rotation  of  Sucrose-Lactose  (Hydrate)  Mixture 

(10  grams  in  30%  bisulfite  solution  at  20°  C.  with  200-mm.  tube) 

Sucrose,  %  0  20  40  50  60  80  100° 

Lactose,  %  100  80  60  50  40  20  0 

S°*>  8.2  13.1  18.4  21.0  23.2  28.3  33.9° 

a  This  is  a  good  test  for  purity  of  the  sucrose;  a  commercial  granulated 
sugar  gave  a  rotation  of  32.9. 

o  Degrees  on  international  sugar  scale. 


Table  II.  Lactose  and  Sucrose  in  a  Sample  of  Sweetened  Condensed 

Milk 


Lactose/ 
Total  Sucrose 

Sugars  Ratio 

% 


Composition  (manufacturer’s)  55.62  23.1/76.9 

Author’s  analysis  56 . 0  24/76 

°  Calculated  as  0.545  X  milk-solids-not-fat. 


Lactose  Sucrose 

%  % 

12.87®  42.75 
13.4  42.6 


with  distilled  water.  A  concentration  greater  than  50%  is 
difficult  to  mix  thoroughly  and  filter;  a  lesser  concentration 
yields  inaccurate  results.  Filter,  using  a  vacuum  if  necessary. 
The  filtrate  will  have  a  pH  of  about  4.5.  Then  measure  the  in¬ 
dex  of  refraction  of  the  filtrate.  Since  only  a  drop  is  necessary 
the  sample  need  not  be  large.  Convert  the  index  of  refraction 
to  sucrose  ( 1 ),  which  can  be  used  without  great  error  for  other 
sugars,  and  hence  can  be  used  for  total  sugars. 

Compute  the  size  of  sample  required  to  give  10  grams  of  total 
sugars,  then  weigh  out,  dissolve  in  water,  clarify,  and  make  to  a 
volume  of  100  ml.  in  a  sugar  flask.  Now  treat  100  ml.  of  clari¬ 
fied  sample  with  30  grams  of  sodium  metabisulfite  and  make  to 
dilution  mark  with  distilled  water.  After  2  hours  filter  on  a 
pressure  filter  (not  vacuum),  conveniently  made  with  a  fritted- 
glass  filter  (about  50  mm.  which  will  hold  about  50  ml.)  which 
will  retain  the  matter  suspended  in  the  solution  (possibly  sulfur) . 
Polarize  and  take  off  the  corresponding  percentage  sucrose  (or 
•  percentage  lactose)  from  the  plot  in  Figure  1.  This  multiplied 
by  the  “per  cent  total  sugars”  will  give  the  per  cent  sucrose  (or 
lactose)  in  the  sample  of  condensed  milk. 


LACTOSE  (  PERCENT ) 


Figure  1 .  Sucrose-Lactose  Rotation 


In  Figure  1  is  shown  a  small  inset,  covering  all  sucrose-lactose 
concentrations  in  sweetened  condensed  milk  with  the  correspond¬ 
ing  rotations,  so  that  if  an  enlarged  plot  is  made  with  these 
limits,  and  the  plotted  section  of  the  locus  drawn  on  it  at  a  steeper 
angle,  a  plainer  intersection  can  be  made  with  the  rotation  with  a 
corresponding  increase  in  accuracy. 
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A  procedure  is  described  For  the  rapid  volumetric  determination  of 
carbon  disulfide  combined  in  viscose.  The  sulfur  in  all  forms, 
whether  combined  as  sodium  cellulose  xanthate,  sodium  thio- 
carbonate,  or  sodium  sulfide,  is  quantitatively  transformed  into  zinc 
sulfide  in  the  presence  of  sodium  zincate.  The  zinc  sulfide  is  then 
titrated  iodometrically  in  the  presence  of  an  excess  of  sulfuric  acid. 
The  method  is  modified  to  determine  the  viscose  gamma  number  by 
titrating  the  by-product  sulfur  separately  after  salting  out  the  sodium 
cellulose  xanthate. 

IN  GENERAL,  the  industrial  routine  control  of  viscose  is 
limited  to  the  determination  of  total  alkalinity,  cellulose 
content,  ripeness  index,  and  viscosity.  Frequently,  however, 
the  determination  of  total  sulfur  as  carbon  disulfide  is  a  desirable 
addition  to  this  group  of  analyses — e.g.,  in  order  to  control  the 
uniformity  of  xanthation,  to  check  the  efficiency  of  carbon  disul¬ 
fide  manipulation,  or  to  locate  leaky  reactors. 

DETERMINATION  OF  TOTAL  SULFUR 

The  only  reliable  method  known  hitherto  for  the  determina¬ 
tion  of  total  combined  carbon  disulfide  consists  in  transforming 
the  total  sulfur  present  into  sulfuric  acid  through  an  oxidation 
process  and  determining  it  quantitatively  as  barium  sulfate. 
The  procedure  requires  skill,  space,  and  considerable  time. 
For  these  reasons,  in  practice  only  occasional  determinations 
are  made  by  it  and  they  are  not  conducted  routinely  for  control 
purposes  but  for  general  production  information,  inasmuch  as 
the  viscose  has  already  been  spun  by  the  time  the  results  become 
available.  These  considerations  have  prompted  an  investiga¬ 
tion  of  the  possibilities  offered  by  other  published  procedures. 

The  volumetric  method  of  d’Ans  and  Jaeger  (3),  based  on  oxi¬ 
dation  of  total  sulfur  by  hydrogen  peroxide  and  subsequent  titra¬ 
tion  as  sulfuric  acid,  has  been  evaluated  exhaustively.  The 
results  were  invariably  much  higher  than  those  obtained  by  the 
application  to  viscose  of  the  gravimetric  procedure  of  Dela- 
chanal  and  Mermet,  embracing  oxidation  with  sodium  hypo- 
bromite  and  determination  of  the  sulfuric  acid  as  barium  sulfate 
(4).  This  fact  is  not  surprising,  for  it  is  probable  that  part  of  the 
cellulose  is  also  oxidized  to  acidic  end  products.  Indeed,  the 
results  are  always  7  to  10%  higher  than  those  obtained  by  the 
gravimetric  procedure. 

Other  volumetric  methods  described  in  the  literature  have 
generally  been  applied  to  sulfur  combined  only  as  cellulose  xan¬ 
thate,  which  does  not  indicate  the  extent  to  which  the  allotted 
carbon  disulfide  has  been  utilized.  Then,  too,  many  contradic¬ 
tory  findings  have  been  reported.  The  method  of  Cross  and 
Bevan  (2),  for  instance,  which  is  an  adaptation  of  a  reaction 
discovered  by  Delachanal  and  Mermet  (5),  gives  results  which 
do  not  always  agree  with  the  gravimetric  determination  of  sulfur 
in  cellulose  xanthate.  The  probable  explanation  is  that  the 
transformation  of  the  sodium  cellulose  xanthate  into  a  dixanthyl- 
ated  derivative  in  the  presence  of  iodine  is  not  a  complete  reac¬ 
tion,  as  was  brought  out  by  Andrd  (1)  while  working  on  potas¬ 
sium  ethyl  xanthate.  A  complete  survey  of  the  literature  on 
analytical  methods  for  viscose  is  given  by  Ott  (10).  Changes  in- 

1  Present  address,  S/A  Industrias  Reunidas  F.  Matarazzo,  Sao  Paulo, 
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volved  in  the  ripening  of  viscose,  are  discussed  by  Moore  (5), 
Eckert  and  Hauan  (6),  and  Fink  (7). 

For  a  correct  understanding  of  the  problem,  it  is  necessary  to 
keep  in  mind  that  sulfur  is  present  in  viscose  in  three  chemical 
combinations:  the  cellulose  xanthate  complex,  Rcei.CS2Na, 
and  two  end  products  of  its  ripening,  sodium  sulfide,  Na2S,  and 
sodium  thiocarbonate,  Na2CS3.  The  last  compound  is  stable 
only  in  concentrated  solution  or  in  solid  form  (11).  In  dilute 
solution  it  hydrolyzes  more  or  less  rapidly  according  to  the  reac¬ 
tion: 

NazCSs  +  3H20  =  Na^CO,  +  3H2S 

The  possibility  was  first  investigated  of  utilizing  this  reaction 
to  determine  thiocarbonates  as  sulfides.  The  rate  of  the  reac¬ 
tion  is  considerably  accelerated  upon  substituting  the  metal  of 
an  amphoteric  oxide  for  sodium.  The  experimental  data  have 
proved  that,  in  the  presence  of  sodium  zincate,  the  reaction  is 
carried  to  completion  after  15  to  20  minutes’  boiling  time,  pro¬ 
vided  the  dilution  is  sufficient  and  the  alkalinity  not  too  high: 

NasCS-,  +  3Na2Zn02  +  3H20  =  3ZnS  +  Na2CO,  +  6NaOH 

and  that  zinc  sulfide  can  be  readily  titrated  iodometrically  in  the 
presence  of  an  excess  of  a  strong  acid. 

The  next  step  was  to  ascertain  if  a  similar  reaction  would  be 
given  by  sodium  alkyl  xanthates.  Solutions  of  sodium  ethyl 
xanthate  were  demonstrated  to  be  hydrolyzed  quantitatively 
after  15  to  20  minutes’  boiling  time,  according  to  the  reaction: 

C2H6OCS2Na  +  2Na2Zn02  +  2H20  = 

2ZnS  +  C2H5OH  -j-Na^COj  +  3NaOH 

Sodium  plumbite  reacted  similarly.  It  was  discarded,  however, 
because  of  the  difficulty  of  titrating  lead  sulfide  iodometrically 
after  completion  of  the  reaction. 

When  it  was  thus  learned  that  the  sulfur  from  mixtures  of  so¬ 
dium  ethyl  xanthate  and  sodium  thiocarbonate  could  be  trans¬ 
formed  quantitatively  into  zinc  sulfide,  the  following  procedure 
was  worked  out  in  order  to  convert  the  total  sulfur  in  viscose 
into  zinc  sulfide  for  its  subsequent  iodometric  titration. 

Reagents.  A  sodium  zincate  reagent  composed  of  10  grams  of 
c.p.  zinc  oxide,  100  grams  of  c.p.  caustic  soda,  and  distilled 
water  to  1000  ml.;  0.1  N  iodine,  0.1  N  thiosulfate,  and  M  sulfuric 
acid  solutions. 

Procedure.  Into  a  cold  150-ml.  beaker  weigh  exactly  25 
grams  of  viscose  to  the  centigram.  Transfer  it  to  a  250-ml. 
volumetric  flask  with  cold  distilled  water  and  complete  the 
volume.  Into  a  500-ml.  Erlenmeyer  flask  introduce  in  the  order 
given  100  ml.  of  distilled  water,  10  ml.  of  sodium  zincate  reagent, 
and  a  10-ml.  aliquot  of  the  diluted  viscose.  Cover  with  a  5-cm. 
diameter  funnel  to  avoid  spattering.  No  immediate  precipita¬ 
tion  occurs.  The  mixture  clouds  between  65°  and  70°  C.  and 
flocculation  starts  at  75°  C.  (A  yellow  precipitate  appears 
overnight  if  the  solution  is  kept  at  room  temperature.) 

Bring  the  contents  to  a  boil.  After  30  minutes  of  gentle  boil¬ 
ing,  cool  the  contents  of  the  flask  in  ice,  then  flush  into  a  600-ml. 
beaker  containing  a  cold  solution  of  50  ml.  of  M  sulfuric  acid 
and  20  ml.  of  0.1  N  iodine.  Immediately  transfer  the  mixture 
back  into  the  Erlenmeyer  flask  quantitatively.  Allow  a  mini¬ 
mum  of  20  minutes  of  contact  to  decompose  the  zinc  sulfide  en¬ 
tirely,  then  titrate  the  excess  iodine  not  consumed  with  a  0.1  N 
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solution  of  sodium  thiosulfate  in  the  presence  of  a  few  drops  of 
starch  solution  as  indicator.  The  sulfur  content  as  CS2  is  ob¬ 
tained  from  the  equation: 

%  CS2  =  0.1903  X  ml.  of  0.1  N  iodine  consumed 

Results.  A  sample  of  viscose  analyzed  ten  times  according 
to  this  procedure  gave  the  following  results: 


2.353 

2.344 


2.344 

2.353 


2.353 

2.363 


2.344 

2.335 


2.344 

2.353 


Arithmetic  mean:  2.349%  CSj. 

Standard  deviation  for  a  single  determination:  0.007%  CSi. 

Two  determinations  carried  out  on  the  same  sample  according 
to  the  gravimetric  method  of  Delachanal  and  Mermet  (oxida¬ 
tion  by  sodium  hypobromite)  afforded  2.340  and  2.338%. 

Another  viscose  sample  compounded  with  slightly  more  carbon 
disulfide  gave  the  following  results: 


2.363 

2.358 


2.358 

2.352 


2.363 

2.360 


2.355 

2.353 


2.351 

2.358 


Arithmetic  mean:  2.357%  CSj. 


Two  check  determinations,  carried  out  according  to  the  con¬ 
ventional  gravimetric  method  already  mentioned,  afforded  2.365 
and  2.360,  respectively. 

Not  only  are  the  results  obtained  with  each  of  these  two 
methods  in  good  agreement,  but  when  speed  is  an  important  fac¬ 
tor,  as  is  always  the  case  in  a  plant  operation  control  laboratory, 
this  new  volumetric  procedure  has  a  decided  advantage  over  the 
conventional  one.  The  time  required  by  a  technician  to  run  a 
total  carbon  disulfide  combined  is  approximately  as  follows: 

Volumetric  method:  from  1  hour  40  minutes  to  2  hours 
Gravimetric  method:  from  16  hours  to  20  hours 

Discussion.  The  preparation  of  the  sample  by  taking  an 
aliquot  from  25  grams  of  viscose  seems  unnecessarily  cumber¬ 
some  in  contrast  with  the  direct  weighing  of  1  gram.  Experi¬ 
ence,  however,  shows  that  the  longer  procedure  invariably  yields 
better  duplication,  perhaps  because  it  minimizes  surface  evapora¬ 
tion. 

Adding  the  acidified  iodine  solution  to  the  products  of  the 
sodium  zincate  reaction,  instead  of  flushing  the  products  into 
the  iodine  solution  as  recommended,  gives  high  results,  because 
some  iodine  then  reacts  with  caustic  soda  before  complete  neu¬ 
tralization  takes  place.  Acidifying  the  products  of  the  reac¬ 
tion  before  adding  the  iodine  solution,  and  then  titrating,  is  also 
an  undesirable  procedure,  for  some  hydrogen  sulfide  always 
escapes,  even  under  strong  cooling. 

The  quantitative  transfer  of  products  and  acidified  iodine  solu¬ 
tion  back  into  the  original  Erlenmeyer  flask  is  also  essential. 
Often  very  small  amounts  of  zinc  sulfide  adhere  to  the  flask  and 


are  difficult  to  remove  quantitatively.  The  small  opening  of 
the  flask  also  lessens  the  loss  of  iodine  vapor. 

The  minimum  of  20  minutes  of  contact  allowed  to  decompose 
the  zinc  sulfide  by  the  excess  iodine  solution  has  been  established 
experimentally.  Warming  would  accelerate  this  phase  of  the 
operation,  but,  if  accurate  results  are  desired,  warming  is  to  be 
avoided  on  account  of  the  volatility  of  the  iodine. 

In  addition,  the  precautions  usual  in  iodometric  titrations 
must  be  taken.  It  is  not  always  appreciated  that  the  vapor  pres¬ 
sure  of  iodine  over  0.1  A  iodine-potassium  iodide  solution  is  of 
the  order  of  0.3  mm.  of  mercury,  equivalent  to  about  4  mg.  of 
iodine  per  liter  of  air  in  equilibrium  with  the  solution.  For  this 
reason  it  is  necessary  to  precool  the  solutions,  to  cover  the  flask 
in  which  the  decomposition  of  the  zinc  sulfide  is  performed,  and 
to  avoid  air  drafts  if  analyses  are  to  be  duplicated  closely. 

GAMMA  NUMBER 

The  gamma  number  of  a  viscose  is  an  important  characteristic, 
defined  as  the  number  of  xanthate  groups  per  100  anhydro-glu- 
cose  units  of  the  cellulose.  In  the  original  method  of  Fink, 
Stahn,  and  Matthes  ( 8 ) ,  the  cellulose  xanthate  is  precipitated  by 
reaction  with  diethylchloroacetamide.  The  nitrogen  content 
of  the  precipitate  is  found  by  the  Kjeldahl  method,  and  the 
gamma  number  is  calculated  from  the  equivalence  between 
nitrogen  and  xanthate  sulfur. 

The  method  set  forth  above  may  be  extended  readily  to  obtain 
gamma  numbers.  If  the  sodium  cellulose  xanthate  is  first  pre¬ 
cipitated  by  salting  out  and  is  filtered  from  the  solution,  it  is 
assumed  that  the  filtrate  will  contain  only  by-product  sulfur — 
i.e.,  sodium  thiocarbonate  and  sodium  sulfide,  which  can  be 
determined  by  the  same  procedure  used  for  total  sulfur.  The 
difference  between  total  and  by-product  sulfur  is  xanthate  sul¬ 
fur,  from  which  the  gamma  number  is  calculated. 


Table  I.  Gamma  Number  of  Commercial  Viscose 

Gamma  Number 


Aging  Time, 

B.  and  W. 

F.S.M. 

Hottenroth 

(Hours) 

procedure 

procedure 

Index 

25 

42.5 

44.1 

13.4 

30 

41.1 

42.4 

12.6 

35 

40.3 

41.7 

12.0 

40 

39.1 

40.2 

11.4 

45 

38.1 

39.5 

10.7 

50 

36.8 

37.9 

10.1 

Reagents.  The  solutions  required  for  total  sulfur  deter¬ 
mination  and  also  a  saturated  solution  of  c.p.  sodium  chloride. 

Procedure.  Pipet  100  ml.  of  the  diluted  viscose  prepared 
for  the  determination  of  total  sulfur  (25  grams  in  250  ml.)  into  a 
500-ml.  volumetric  flask  packed  in  ice  and  complete  the  volume 
with  an  iced  saturated  solution  of  sodium  chloride.  Mix  well 
and  allow  to  stand  for  15  minutes.  (In  the  case  of  unripe  vis¬ 
coses,  the  rate  of  settling  of  coagulated  xanthate  is  likely  to  be 
low.  A  centrifuge  may  be  advantageously  used  to  hurry  the 
settling  and  speed  up  the  analytical  procedure.)  Filter  through  a 
dry  fluted  paper  of  rapid  filtering  characteristics.  Pipet  50  ml. 
of  the  filtrate  into  a  500-ml.  Erlenmeyer  flask  and  determine  its 
sulfur  content  as  carbon  disulfide  by  the  method  described. 
Calculate  the  gamma  number  from  the  equation: 

Gamma  No  =  213  (%  total  CS2  ~  %  by-product  CS2) 

%  cellulose 

Results.  In  Table  I  are  shown  the  results  obtained  by 
this  method  for  the  gamma  number  of  a  sample  of  commercial 
viscose.  The  results  by  the  original  method  of  Fink,  Stahn,  and 
Matthes  and  for  the  Hottenroth  index  are  also  given  for  the 
same  sample  at  various  degrees  of  ripeness.  The  data  are  pre¬ 
sented  graphically  in  Figure  1. 

In  Table  II  are  shown  the  results  obtained  by  determining  the 
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Table  II.  Determination  of  Carbon  Disulfide 


CSj  Combined  as  Sodium  Cellu¬ 
lose  Xanthate 


Hottenroth  Index 

15.0 

14.0 

13.0 

12.5 
12.0 

11.5 
11.2 
11.0 
10.8 

10.6 
10.4 

9.9 

9.0 

8.4 


B.  and  W. 
procedure 

% 

1.514 

1.463 

1.412 

1.391 

1.377 

1.352 

1.347 

1.341 

1.341 

1.308 

1.270 

1.223 

1.129 

1.069 


Gravimetric 

procedure 

% 

1.510 

1.470 

1.410 

1.390 

1.383 

1.358 

1.348 

1.346 

1.345 

1.310 

1.280 

1.228 

1.135 

1.072 


Difference 

% 

-0.004 
+0.007 
-0.002 
-0.001 
+0.006 
+0.006 
+0.001 
+0.005 
+0.004 
+0.002 
+0.010 
+0.005 
+0.006 
+  0.003 


carbon  disulfide  combined  as  sodium  cellulose  xanthate  in  vis¬ 
cose  of  different  indexes: 

(%  total  CS2  combined)  —  (%  CS2  combined  as  by-products) 

In  the  third  column  are  the  results  obtained  by  carrying  out 
the  same  determinations  according  to  the  conventional  gravi¬ 
metric  method.  These  data  are  presented  graphically  in  Figure 
2  as  a  function  of  the  Hottenroth  index. 

The  ripening  curve  is  characteristic,  for  it  presents  a  sharp 
discontinuity  for  a  Hottenroth  index  of  10.8.  This  discontinuity 
is  not  detected  when  the  index  is  expressed  as  a  function  of  the 
time  of  ripening.  For  this  reason  it  escaped  the  attention  of 
former  chemists  who  devoted  their  attention  to  the  ripening  of 
the  viscose. 

The  shape  of  this  ripening  curve  is  a  true  characteristic  of  a 
given  viscose.  It  depends  on  the  chemical  composition  of  the 
viscose  and  has  proved  to  be  of  great  technical  value. 

Discussion.  From  the  standpoint  of  manipulation  it  should 
be  remembered  that  dilution  accelerates  considerably  the  rate  of 
ripening  of  viscose;  consequently  thorough  cooling  of  all  solu¬ 
tions  is  necessary  to  obtain  consistent  results. 

Table  I  demonstrates  that  the  gamma  number  as  secured  by 
this  method  is  consistently  lower  than  the  value  obtained  by  the 
method  of  Fink,  Stahn,  and  Matthes.  After  precipitation  of 
sodium  cellulose  xanthate  by  diethylchloroacetamide,  Fink, 
Stahn,  and  Matthes  allow  a  relatively  limited  amount  of  water 
for  washing.  It  is  possible  that  their  precipitate  retains  ad¬ 
sorbed  diethylchloroacetamide  and  that  in  the  method  intro¬ 
duced  here  the  precipitate  retains  by-product  sulfur.  The 
cause  of  the  discrepancy  is  a  question  open  for  further  investiga¬ 
tion. 

It  is  believed  that  the  procedure  offered  in  this  paper  is  shorter 
than  the  diethylchloroacetamide  method.  Moreover,  the  prepa¬ 
ration  and  manipulation  of  diethylchloroacetamide,  an  expensive 
and  hazardous  chemical,  are  evaded. 

CONCLUSIONS 

The  new7  volumetric  procedure  presented  in  this  paper  is  satis¬ 
factory  for  determining  the  total  carbon  disulfide  combined  in 
viscose.  It  is  simpler  and  much  faster  than  the  conventional 
gravimetric  procedure. 

It  is  particularly  well  suited  for  prompt  location  of  any  leaky 
carbon  disulfide  reactor  and  therefore  can  contribute  efficiently 
to  better  plant  control  operation.  Failure  to  appraise  accurately 
and  at  the  proper  time  any  deviation  from  standard  is  often  the 
cause  of  misdirected  effort,  deterioration  of  quality,  and  un¬ 
necessary  expense. 

Reproducibility  and  degree  of  accuracy  compare  wrell  writh  the 
conventional  gravimetric  method  currently  used  in  viscose  plants. 
The  accuracy  falls  within  permissible  limits  of  variation. 

In  determination  of  the  gamma  number  or  of  xanthate  sulfur, 


the  suggested  procedure  is  obviously  handicapped  by  the  pos¬ 
sibility  of  incompletely  salting  out  the  sodium  cellulose  xanthate, 
or  by  the  possibility  that  the  precipitated  sodium  cellulose  xan¬ 
thate  may  retain  by-product  sulfur.  Nevertheless,  where  great 
accuracy  is  not  required,  this  volumetric  procedure  makes  pos¬ 
sible  the  running  of  a  set  of  determinations  with  ease  and  rapidity. 

Another  advantage  over  the  conventional  gravimetric  method 
is  the  fact  that  sulfates,  if  present,  do  not  react,  and  conse¬ 
quently  jdo  not  interfere  with  the  result. 
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Spectrographic  Determination  of  Some  Metallic  Elements 
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A  direct  current  arc  method  is  described  in  which  special  attention  is 
given  to  a  study  of  the  effects  of  the  extraneous  elements  encoun¬ 
tered  in  food  and  fecal  samples.  In  the  study,  a  buffer  solution  was 
developed  which  permits  sodium,  potassium,  magnesium,  calcium, 
and  phosphorus  to  vary  over  a  considerable  concentration  range 
without  influencing  the  ratio  of  certain  lines  of  the  metallic  elements 
to  an  internal  standard  bismuth  line.  When  this  buffer  solution  is 
used,  good  comparisons  between  spectrographic  and  chemical  re¬ 
sults  are  obtained.  Certain  other  advantages  pertaining  to  the 
development  of  working  curves  and  to  corrections  for  background 
are  attributed  to  the  buffer  solution. 

DEVELOPMENT  of  analytical  methods  which  provide  ac¬ 
curate  results  with  biological  materials  is  always  hampered 
by  the  complexity  of  substances  to  be  examined  and  by  the  wide 
range  of  concentration  among  the  many  components.  Spectro¬ 
graphic  methods  for  the  determination  of  metallic  elements  in 
biological  material  have  improved  rapidly  in  recent  years,  coin¬ 
cident  with  improvements  in  spectrographic  equipment,  rapid 
development  of  spectrographic  techniques,  and  the  purity  and 
availability  of  standard  materials,  as  well  as  an  increased  aware¬ 
ness  of  fundamental  problems  such  as  the  effect  of  extraneous 
elements  and  background  corrections. 

The  concentrations  of  many  of  the  heavy  metals  in  biological 
samples  fall  in  a  range  well  suited  to  spectrographic  analysis. 
Consequently,  numerous  authors  have  used  the  spectrograph 
for  this  type  of  work  (2,  8,  4,  7,  11,  12,  IS,  17).  Of  the  more  re- 
i  cent  investigators,  Cholak  and  Story  ( 2 , 3,  4)  have  made  intensive 
investigations  of  metals  in  biological  materials.  As  part  of  a 
comprehensive  study  of  mineral  metabolism  in  childhood  (14)  the 
authors  have  evolved  modifications  of  the  spectrographic  methods 
of  Cholak  for  use  in  the  analysis  of  food  and  feces  for  iron, 
manganese,  copper,  lead,  tin,  and  aluminum.  From  a  study  of 
the  effects  of  variable  amounts  of  the  extraneous  elements,  sodium, 
potassium,  calcium,  and  magnesium,  they  have  developed  a  spec¬ 
trographic  buffer  solution  which  permits  these  elements  to  vary 
over  large  ranges  of  concentration  without  affecting  the  ratios 
of  the  trace  element  line  to  an  internal  standard  line.  These 
effects  have  been  eliminated,  primarily  by  a  method  of  excess 
which  was  used  by  Cholak  (2)  with  the  direct  current  arc  and  by 
Duffendack  et  al.  (5),  employing  an  uncondensed  spark  with 
solutions  containing  cadmium  as  the  internal  standard  element. 

The  authors,  using  bismuth  as  an  internal  standard  and  a  di¬ 
rect  current  arc,  have  determined  the  actual  concentration  of 
sodium  and  potassium  necessary  to  eliminate  the  effects  of  all  the 
extraneous  elements  found  in  food  and  fecal  samples.  The 
samples  analyzed  were  obtained  during  a  metabolic  balance  study 
of  eight  children  during  eleven  consecutive  5-day  periods.  Each 
sample  represented  a  composite  for  5  days.  The  method  of  com¬ 
positing  and  drying  the  food  and  feces  samples  has  been  described 
( 14 )•  Aliquots  of  the  sample  material  were  analyzed  by  chemi¬ 
cal  methods  following  collection,  and  the  remaining  material 
was  kept  in  airtight  glass  containers  pending  later  spectrographic 
analysis.  Data  for  each  child  for  iron,  manganese,  copper,  alu¬ 
minum,  lead,  and  tin  are  included  in  the  published  data  from  the 
study  (15). 

EQUIPMENT 

The  equipment  used  included  a  Bausch  &  Lomb  medium 
quartz  spectrograph  (Bausch  &  Lomb  Optical  Co.,  Rochester, 


N.  Y.),  supplemented  by  a  Dietert  direct  current  arc  rectifier 
unit  (Harry  W.  Dietert  Co.,  Detroit,  Mich.),  Leeds  &  Northrup 
Micromax  recording  spectrophotometer  (Leeds  &  Northrup  Co., 
Philadelphia,  Pa.),  and  Dietert  mechanical  developing  machine, 
dryer,  and  calculating  board.  The  solutions  were  handled  with  a 
Dietert  micropipet  and  the  spectrograms  obtained  on  Eastman 
spectrum  analysis  plates,  Nos.  1  and  2  (Eastman  Kodak  Co., 
Rochester,  N.  Y.). 

PROCEDURE 

Ten-gram  samples  of  the  dry  food  composites  were  weighed 
into  platinum  crucibles  and  ashed  in  a  muffle  furnace  in  which  the 
temperature  was  gradually  increased  to  500°  C.  and  maintained 
for  6  hours.  The  ash  was  allowed  to  cool,  then  dissolved  in  10 
ml.  of  a  buffer  solution  containing  bismuth  as  an  internal  stand¬ 
ard.  The  complete  development  of  the  buffer  solution  is  de¬ 
scribed  below. 

Sufficient  amounts  of  dry  feces  to  provide  in  excess  of  0.25 
gram  of  ash  were  weighed  into  platinum  crucibles  and  ashed  by 
the  foregoing  procedure,  allowed  to  cool,  and  weighed.  In  a  25- 
ml.  volumetric  flask,  0.25  gram  of  the  ash  was  made  to  volume 
with  the  buffer  solution. 

With  the  micropipet,  0.1  ml.  of  ash  solution  was  expelled  onto 
the  center  post  of  the  carbon  electrode  and  allowed  to  dry  for  one 
hour  at  120°  C.  [Acheson  grade  carbon  electrodes  were  used 
after  rigid  purification  by  the  method  of  Staud  and  Ruehle  (18). 
The  carbons  were  cut  to  form  the  crater-centerpost  type  elec¬ 
trode,  pre-arced  in  a  direct  current  arc  at  10  amperes,  50  volts 
for  7  seconds.  Pre-arcing  causes  the  center  post  to  become  very 
porous,  so  that  most  of  the  solution  is  absorbed.  The  carbons 
were  placed  in  an  oven  thermostatically  maintained  at  120°  C.] 
After  evaporation  was  complete  the  carbons  were  arced  for  30 
seconds  at  7  amperes,  30  to  35  volts,  with  the  cut-out  sector  set 
to  allow  37%  of  the  incident  light  to  enter  the  slit  (35  microns). 
For  the  analysis  for  tin  and  lead,  the  same  ash  solution  was  used 
but  the  optical  intensity  was  increased  by  using  a  20-second  ex¬ 
posure  and  allowing  100%  of  the  light  to  fall  on  the  slit.  The 
spectra  were  recorded  on  Eastman  S.A.  No.  1  plates  (S.A.  No.  2 
plates  proved  more  satisfactory  for  lines  of  very  low  intensity) 
and  the  plates  developed  at  18°  C.  for  3  minutes  in  Eastman  D- 
19  developer,  with  mechanical  agitation. 

The  lines  used  in  the  analyses  are : 

Bi  3024.6 

Bi  2898.0  _ .)  ( _ 

_ )  (. _ (  ) 

Mn  Fe  Al  Cu  Sn  Pb  Na  K 
2801.1  3020.6  3082.2  3274.0  2840.0  2833.1  2680.3  3446.4 

Emulsion  Calibration  Curve  by  Rotating  Seven-Step  Sector 
Cu  —  2998.4  Cu  —  3073.8 

The  manganese,  iron,  aluminum,  and  copper  lines  were  all 
compared  to  the  internal  standard  line  of  bismuth  (2898.0  A.) 
and  the  analyses  for  all  four  elements  conducted  simultaneously. 
The  tin  and  lead  lines  were  compared  to  bismuth  line  3024.9. 

In  the  use  of  the  spectrograph  for  quantitative  determinations 
certain  possibilities  of  interfering  lines  must  always  be  consid¬ 
ered.  The  microphotometer  traces  show  that  the  aluminum 
line  3082.2  A.  is  separated  from  the  iron  line  3083.7  A.  and 
allows  an  accurate  determination  of  the  former  element.  Cer¬ 
tain  lines  of  cobalt  and  vanadium  might  partially  mask  the  alumi¬ 
num  line  3082.2  A.,  if  the  former  elements  are  present  in  suffi¬ 
cient  quantities.  However,  the  question  of  interference  by  the 
lines  of  cobalt  and  vanadium  was  eliminated  by  the  occurrence 
of  only  very  small  amounts,  if  any,  of  these  elements  in  food  and 
by  the  absence  of  much  stronger  lines  of  the  same  elements  under 
the  exposure  conditions  used. 

In  considering  the  interference  of  iron  lines  with  the  tin  and 
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Figure  1.  Effect  of  Sodium  and  Potassium  on  Spectral  Intensity 

While  variations  in  intensity  can  be  demonstrated  by  reproduction  of  a  spectrographic  plate,  the  several  photographic  processes 

involved  inevitably  result  in  loss  of  definition  of  individual  lines 


lead  lines  employed,  a  similar  reasoning  was  followed.  When 
iron  lines  of  equal  or  greater  intensity  than  the  interfering  iron 
lines  were  found  to  be  absent  from  the  spectra  after  visual  and 
microphotometric  observations,  the  question  of  interference  by 
iron  lines  of  lesser  intensity  was  eliminated  or  at  least  held  to  some 
point  well  below  the  threshold  value  of  the  plate.  The  buffer 
solution  developed  in  the  investigation  suppresses  the  iron  lines 
to  such  an  extent  that  the  interference  is  eliminated.  The  in¬ 
tensities  given  by  Harrison  (8)  were  used  in  considering  interfer¬ 
ence. 

The  line  densities  were  measured  with  the  recording  spectro¬ 
photometer.  The  clear  plate  reading,  70,  was  set  at  zero  and  total 
blackness  at  infinity.  Since  the  scale  was  logarithmic,  the  de¬ 
flection  for  a  given  line  represented  density  units,  logio  /#//. 
(The  inked  recordings  from  the  spectrophotometer  are  valuable 
not  only  for  giving  line  densities  but  also  for  accurately  deter¬ 
mining  the  background  density.  The  record  gives  the  line  con¬ 
tour  with  the  adjacent  background,  so  that  it  is  possible  to  deter¬ 
mine  precisely  where  the  background  blends  with  the  line  black¬ 
ening.  This  gives  the  recording  instrument  some  advantage 
over  the  nonrecording  type.) 

The  emulsion  calibration  curve  was  obtained  by  exposing  a 
copper  arc  through  a  rotating  seven-step  sector  wheel.  The 
Hurter  and  Driffield  curve  (10)  was  plotted  (density  vs.  logarithm 
of  relative  exposure).  Working  curves  were  prepared  by  running 
standard  solutions  under  the  conditions  to  be  used  with  the  ash 
solution.  These  curves  were  plotted,  logio  concentration  vs. 
1  element 

where  1  represents  the  relative  intensity. 


muth 

sium, 


log 


”10 1  bismuth’ 

Corrections  for  residual  amounts  of  iron,  aluminum,  and  copper 
were  accomplished  by  a  series  of  approximations,  estimating  the 
separation  of  the  curved  portion  of  the  working  curve  from  the 
straight-line  portion  drawn  through  the  points  of  higher  concen¬ 
tration,  as  described  by  Pierce  and  Nachtrieb  (16). 

Only  slight  background  corrections  for  copper  were  necessary, 
and  all  other  lines  were  free  from  background.  Since  this  density 
was  very  small  compared  to  line  density  and  the  background  cor¬ 
rection  was  of  the  same  magnitude  for  standard  and  unknown 
alike,  the  correction  for  copper  was  made  by  subtracting  the 


background  density  from 
the  line  density. 

EFFECT  OF  EXTRANEOUS 
ELEMENTS 

In  the  preliminary  work 
on  food  and  feces  samples 
the  general  over-all  in¬ 
tensity  of  the  spectra  was 
decreased  by  the  increased 
amounts  of  sodium  and 
potassium,  as  was  ob¬ 
served  by  Brode  ( 1 ). 
Standard  solutions  con¬ 
taining  known  amounts  of 
the  elements  to  be  studied 
and  ‘varied  amounts  of 
sodium  and  potassium 
were  exposed  in  triplicate. 
Figure  1  shows  the  effect 
within  the  range  from 
20  mg.  of  sodium  and  8 
mg.  of  potassium  per  ml. 
to  2  mg.  of  sodium  and  1.6 
mg.  of  potassium  per  ml. 
The  spectral  ratio  of  the 
lines  of  certain  metallic 
elements  to  those  of  the 
internal  standard,  bis- 
increased  with  increased  amounts  of  sodium  and  potas- 
within  certain  concentration  ranges  of  these  two  ele¬ 
ments.  It  was  apparent  that  some  concentration  range  of  these 
elements  must  be  found  within  which  these  spectral  ratios  would 
remain  unchanged  for  varying  amounts  of  sodium  and  potassium. 

This  effect  was  studied  by  making  additional  synthetic  stand¬ 
ard  solutions  in  which  the  amounts  of  sodium  and  potassium 
varied  but  the  amounts  of  calcium,  magnesium,  and  the  metallic 
elements  were  held  constant. 

Solutions  A  and  B  were  identical  except  that  to  standard  B 
w  ere  added  20  grams  of  sodium  and  16  grams  of  potassium  per 
liter,  as  their  chlorides.  Solution  B  was  diluted  with  solution  A 
to  provide  solutions  of  intermediate  concentrations.  These 
solutions  were  analyzed  by  the  procedure  used  with  the  food  and 
feces  ash  solutions.  The  relative  intensities  of  the  element  lines 
and  the  internal  standard  bismuth  line  were  plotted  against  the 
concentrations  of  sodium  and  potassium.  The  curves  for  man¬ 
ganese,  iron,  copper,  and  aluminum  are  shown  in  Figures  2  and  3. 
The  ratio  of  an  element  line  to  the  internal  standard  bismuth 
line  for  a  given  standard  was  calculated  by  dividing  the  relative 
intensity  of  the  element  line  by  the  relative  intensity  of  the  bis¬ 
muth  line.  These  ratios  are  shown  by  the  broken-line  curves  in 
Figures  2  and  3. 

The  curve  for  manganese-bismuth  becomes  constant  with  con¬ 
centrations  of  8  mg.  of  sodium  and  6  mg.  of  potassium  per  ml.,  or 
greater,  which  indicates  that  the  amounts  of  sodium  and  potas¬ 
sium  may  vary  within  the  i-ange  above  these  concentrations  with¬ 
out  affecting  the  spectral  ratio  (Figure  2).  However,  the  iron- 
bismuth  ratio  does  not  become  constant  at  8  mg.  of  sodium  per 
ml.  In  Figure  2  a  slight  maximum  is  shown,  representing  a  de¬ 
viation  of  0.001  mg.  per  ml.  in  a  concentration  of  0.025  mg. 
per  ml.,  a  variation  well  within  the  error  of  the  method.  With 
copper  (Figure  3),  increasing  amounts  of  sodium  and  potassium 
had  less  effect  on  the  copper-bismuth  ratio  than  on  the  ratios  for 
manganese  and  iron.  In  the  curve  for  aluminum,  the  constantly 
increasing  aluminum-bismuth  ratio  suggests  the  possibility  of 
aluminum  contamination  in  the  sodium  and  potassium  salts,  al¬ 
though  qualitative  examinations  did  not  reveal  any  of  the  element. 
However,  considering  the  probable  error  of  the  method,  the  varia¬ 
tion  in  the  aluminum-bismuth  ratio  is  of  little  significance. 
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Table  1. 

Effect  of  Calcium  on 

Spectral  Li 

ne  Rati 

Calcium 

Manganese 

Iron 

Aluminum 

Known 

Present 

Found 

Present  Found 

Present 

Found 

Milligrams  per  milliliter 

0 

0 . 0064 

0.0065 

0.021 

0.025 

0.014 

0.013 

1 

0.0064 

0.0064 

0.021 

0.022 

0.014 

0.015 

2 

0.0064 

0.0062 

0.021 

0.023 

0.014 

0.014 

3 

0.0064 

0.0060 

0.021 

0.022 

0.014 

0.016 

4 

0.0064 

0.0064 

0.021 

0.022 

0.014 

0.016 

Although  no  curves  for  tin  and  lead  are  presented,  these  ele¬ 
ments  also  were  studied.  The  relative  intensity  of  the  tin  and 
lead  lines,  2840.0  and  2833.1  A.,  respectively,  were  decreased  by 
increasing  amounts  of  sodium  and  potassium.  However,  the 
ratios  of  lead  and  of  tin  to  bismuth  remained  very  constant.  In 
considering  the  position  of  these  three  elements  in  the  periodic 
table,  we  might  expect  their  atomic  and  physical  characteristics,, 
and  therefore  their  volatility  in  the  arc,  to  be  similar. 

To  determine  any  effect  of  variable  amounts  of  calcium,  a 
group  of  synthetic  biological  solutions  was  analyzed,  in  which 
calcium  was  made  to  vary  while  all  other  constituents  were  held 
constant.  Concentrations  of  calcium  varying  between  0.0  and 
4.0  mg.  per  ml.  in  solutions  in  which  the  concentrations  of  sodium 
and  potassium  were  greater  than  8  and  6  mg.  per  ml.,  respectively, 
did  not  cause  variation  in  the  ratios  for  manganese,  iron,  copper, 
or  aluminum  to  bismuth.  Since  the  concentration  of  these  ele¬ 


ments  is  dependent  upon  their  ratios  the 

effect  is  demonstrated  by  the  values  in 

Copper  Table  I. 

Present  Found 

SPECTROGRAPHIC  BUFFER  SOLUTION 

To  determine  these  metals  in  food  and 
feces  spectrographic  buffer  solutions  were 
developed  which  eliminate  interference  by 
extraneous  elements  (Table  II).  The 
buffer  for  food  ash  contains  less  sodium  and 
potassium  than  that  for  fecal  ash,  since 
food  contains  variable  and  appreciable  amounts  of  these  elements. 
The  buffers  were  designed  to  throw  the  concentration  of  sodium 
and  potassium  between  8  mg.  of  sodium  and  6.4  mg.  of  potassium 
per  ml.  and  20  mg.  of  sodium  and  16  mg.  of  potassium  per  ml. 


Table  II.  Spectrographic  Buffer  Solutions 

Composition  of  Solu¬ 
tions  for  Dissolving  Ash 


Feces  Food 

Bismuth,  gram  0.450  0.450 

Ammonium  chloride,  grains  18.0  18.0 

Sodium  chloride,  grams  30.48  12.70 

Potassium  chloride,  grams  17.29  7.52 

Hydrochloric  acid,  high  purity,  ml.  250  250 

Nitric  acid,  high  purity,  ml.  250  250 

Water,  double-distilled,  to  make  1  liter  of  solution 


0.0058  0.0060 
0.0058  0.0054 
0.0058  0.0055 
0.0058  0.0054 
0.0058  0.0050 


Figure  2.  Effect  of  Sodium  and  Potassium  on  Determination  of 
Manganese  and  Iron 


kg./td.K  1.6  3.2  4.8  6.4  6  9.6  11.2  12.8  14*4  is 

Figure  3.  Effect  of  Sodium  and  Potassium  on  Determination  of 
Copper  and  Aluminum 
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Within  this  range  sodium  and  potassium  may  vary  considerably 
without  changing  the  spectral  ratio  of  the  elements  studied. 

The  efficiency  of  the  buffer  solution  was  tested  at  two  dilutions 
of  feces  samples  (Table  III).  In  the  A  samples,  125  mg.  of  the 
ash  were  dissolved  in  25  ml.  of  buffer.  In  the  B  samples  250 
mg.  of  the  same  ashed  feces  were  dissolved  in  25  ml.  of  solution. 
The  extraneous  elements  calcium,  magnesium,  and  phosphorus  are 
present  in  B  solutions  in  double  the  amounts  in  the  A  samples. 
That  doubling  the  amounts  of  these  extraneous  elements  has 
little  effect  on  the  final  result  is  shown  by  the  fact  that  determina¬ 
tions  on  the  B  solutions  give  results  for  manganese,  iron,  alumi¬ 
num,  and  copper  twice  as  large  as  those  obtained  with  the  A 
samples  (assuming  ±5%  as  the  error  of  the  analysis). 

Standard  solutions  were  made,  keeping  the  sodium  and  potas¬ 
sium  at  12  and  9.6  mg.  per  ml.,  respectively.  From  these,  work¬ 
ing  curves  were  derived.  The  internal  standard,  bismuth,  was 
held  constant  at  0.45  mg.  per  ml.  To  reduce  the  cyanogen  bands 
ammonium  chloride  was  added,  as  advocated  by  Ewing,  Wilson, 
and  Hibbard  ( 6 ).  The  trace  elements,  manganese,  iron,  alumi¬ 
num,  copper,  tin,  and  lead  were  made  to  vary  over  sufficient 
range  to  produce  a  wide  range  of  densities  on  the  photographic 
plate.  All  other  constituents  were  held  constant  and  were  pres¬ 
ent  in  amounts  corresponding  to  those  in  the  biological  samples. 


Table  III.  Results  of  Fecal  Analysis  at  Two  Dilutions 


Sample 

Manganese 

Iron 

Aluminum  Copper 

Milligram 3  per  milliliter 

IA 

0.0028 

0.016 

0.0040 

0.0031 

IB 

0.0063 

0.031 

0.0076 

0.0062 

IIA 

0.0025 

0.014 

0.0046 

0.0028 

IIB 

0.0053 

0.030 

0.0080 

0 . 0053 

IIIA 

0.0032 

0.016 

0.0037 

0.0031 

IIIB 

0.0078 

0.032 

0.0070 

0.0057 

IVA 

0.0033 

0.015 

0.0036 

0.0026 

IVB 

0.0076 

0.032 

0.0073 

0 . 0056 

VA 

0.0032 

0.016 

0.0041 

0.0027 

VB 

0.0057 

0.031 

0.0072 

0.0052 

Table  IV.  Spectrograph! 

c  and  Chemical  Results  for  Manganese 

Food 

Feces 

Devia- 

Devia- 

tion 

tion 

Spectro- 

from 

Spectro-  from 

Sample  Chemical11 

graphic 

mean6 

Chemical® 

graphic  mean6 

Mg. /day 

Mg. /day 

% 

Mg. /day 

Mg. /day  % 

I 

1.93 

1.91 

±  0.5 

2.07 

II 

1.83 

1.71 

±  3.4 

2.12 

1.71  ±10.7 

III 

2.12 

2.11 

±  0.2 

2.23 

2.21  ±  0.4 

IV 

1.94 

1.87 

±  1.8 

1.95 

2.04  ±  2.2 

V 

2.16 

2.11 

±  1.2 

2.25 

1.97  ±6.6 

VI 

2.06 

2.00 

±  1.5 

2.12 

2.04  ±1.9 

VII 

2.29 

2.03 

±  6.0 

2.04 

2.17  ±3.1 

VIII  2.18 

2.06 

±  2.8 

2.44 

2.39  ±1.0 

IX 

2.25 

2.02 

±  5.4 

2.16 

2.15  ±0.2 

X 

1.94 

1.64 

±  8.4 

2.21 

2.18  ±  0.7 

XI 

2.04 

1 . 65 

±10.6 

1.91 

1.99  ±2.0 

®  Obtained  by  method  of  Willard  and  Greathouse  (19). 

6  Deviation  of  spectrographic  results  from  average  of  chemical  and  spec- 
trographic  values. 


Table  V.  Spectrographic  and  Chemical  Results  for  Iron 


Food  Feces 


Sam¬ 

ple 

Chemical® 

Spectro¬ 
graphic  . 

Devia¬ 

tion 

from 

mean6 

Chemical® 

Spectro¬ 

graphic 

Devia¬ 

tion 

from 

mean6 

Mg., /day 

Mg. /day 

% 

Mg. /ml. 

Mg. /ml. 

% 

I 

8.85 

10.47 

±8.4 

7.34 

II 

8.93 

9.53 

±3.2 

9.86 

8.11 

±9.7 

III 

9.70 

9.46 

±1.2 

9.18 

8.52 

±3.7 

IV 

12.80 

11.74 

±4.3 

7.42 

7.59 

±1.1 

V 

13.46 

13.49 

±0.1 

8.19 

8.44 

=*=1.5 

VI 

10.89 

10.94 

±0.2 

7.31 

7.30 

±0.1 

VII 

10.18 

11.62 

±6.6 

8.18 

9.31 

±6.5 

VIII 

11.82 

11.93 

±0.5 

10.05 

11.81 

±8.0 

IX 

10.22 

10.50 

±1.4 

7.52 

8.84 

±8.1 

X 

10.17 

9.71 

±2.3 

8.20 

8.80 

=*=5 . 5 

XI 

7.96 

8.48 

±3.2 

7.61 

9.04 

±8.6 

®  Obtained  by  method  of  Hummel  and  Willard  (£). 

6  Deviation  of  spectrographic  results  from  average  of  chemical  and  spec¬ 
trographic  values. 


Table  VI.  Aluminum,  Copper,  Tin,  and  Lead  in  Food  and  Feces 


Food  Feces 


Sam¬ 

ple 

Alumi¬ 

num 

Cop¬ 

per 

Tin 

Lead 

Alumi¬ 

num 

Cop¬ 

per 

Tin 

Lead 

i 

4.00 

2.19 

1.33 

Milligrams  per  day 

0.58 

ii 

3.39 

1.77 

1.52 

0.56 

1.92 

1.68 

1.18 

0.36 

hi 

2.45 

3.79 

1.79 

0.52 

2.94 

1.86 

1.41 

0.28 

IV 

2.98 

3.20 

3.32 

0.52 

2.35 

1.50 

1.74 

0.26 

V 

2.03 

3.07 

1.54 

0.62 

1.71 

1.81 

1.73 

0.34 

VI 

1.58 

3.05 

0.92 

0.45 

1.59 

1.50 

1.00 

0.25 

VII 

3.11 

5.66 

0.77 

0.67 

2.48 

1.87 

1.04 

0.26 

VIII 

2.31 

3.69 

0.72 

0.62 

2.47 

2.11 

0.75 

0.40 

IX 

2.62 

4.15 

0.70 

0.52 

2.10 

1.96 

0.58 

0.28 

X 

2.84 

1.93 

0.75 

0.66 

2.30 

1.71 

0.66 

0.69 

XI 

1.74 

2.31 

0.76 

0.52 

2.54 

1.76 

0.65 

0.30 

The  buffer  solutions  permitted  the  same  working  curves  to  be 
used  for  both  food  and  feces  samples. 

RESULTS 

Manganese  and  iron  in  the  food  and  feces  samples  were  deter¬ 
mined  by  both  chemical  and  spectrographic  methods.  The 
chemical  method  of  Willard  and  Greathouse  (19)  was  used  for 
the  determination  of  manganese,  with  slight  modifications.  Iron 
was  determined  by  the  o-phenanthrofine  method  of  Hummel  and 
Willard  (9).  Tables  IV  and  V  compare  the  data  obtained  by  the 
two  methods.  Table  VI  gives  the  results  for  aluminum  and  cop¬ 
per  in  food  and  feces  samples  (obtained  simultaneously  with 
manganese  and  iron).  Spectrographic  results  for  tin  and  lead, 
determined  on  the  same  ash  solution  but  under  the  optical  con¬ 
ditions  described  in  the  procedure,  are  also  given. 

DISCUSSION 

The  buffer  solution  described  eliminates  the  effect  of  variable 
amounts  of  sodium,  potassium,  calcium,  and  magnesium,  and,  in 
addition,  almost  entirely  removes  the  high  background  which  is 
characteristic  of  a  direct  current  carbon  arc  method.  Only  a 
small  background  correction  was  necessary  with  the  copper  fine 
3274  A.  All  other  lines  used  wrere  completely  free  of  back¬ 
ground.  This  feature  of  the  buffer  is  applicable  in  other  spectro¬ 
graphic  methods  where  maximum  sensitivity  is  not  demanded. 
The  buffer  suppresses  the  fines  of  a  number  of  elements;  how¬ 
ever,  the  elements  studied  were  present  in  sufficient  amounts  to 
bring  their  fine  densities  within  the  optimum  range,  with  the  ex¬ 
ception  of  tin  and  lead.  The  buffer  solutions  when  used  in  the 
manner  described  permit  the  same  set  of  working  curves  to  be 
used  for  both  food  and  fecal  samples.  This  fact  eliminates  an 
important  source  of  error  which  would  arise  when  separate  work¬ 
ing  curves  are  necessary  for  each  of  the  two  types  of  samples,  for 
in  determining  the  amount  of  a  particular  metal  absorbed  by  man 
the  absorption  value  is  obtained  by  difference.  Thus,  the  com¬ 
bined  errors  in  two  separately  determined  sets  of  working  curves 
are  eliminated  by  the  buffer  solution  which  permits  the  analysis 
of  both  types  of  samples  from  one  standardization. 

The  reproducibility  of  the  spectrographic  results  for  a  single 
determination  is  about  =‘=10%  of  the  amount  present.  However, 
each  ash  solution  was  run  in  triplicate  and  the  average  of  the  three 
determinations  treated  as  a  single  result.  The  same  process  was 
repeated  until  a  check  between  results  was  obtained.  Thus,  for 
the  values  reported,  at  least  six  determinations  were  made  with 
each  ash  solution.  Treated  in  this  manner  the  reproducibility 
is  about  ±5%  of  the  amount.  Work  is  continuing  on  the  same 
samples  in  an  effort  to  study  the  metabolism  of  still  other  trace 
elements  and  to  extend  the  application  of  the  spectrograph  in 
this  type  of  analysis. 
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Quantitative  Determination  of  Caramel 

In  Wine,  Distilled  Spirits,  Vinegar,  and  Vanilla  Extract 

G.  E.  MALLORY  AND  R.  F.  LOVE,  Alcohol  Tax  Unit,  Bureau  of  Internal  Revenue,  San  Francisco,  Calif. 


A  combined  qualitative  and  quantitative  method  is  presented  by 

[which  caramel  can  be  precipitated  and  separated  from  other  coloring 
matter  in  wine,  distilled  spirits,  vinegar,  and  vanilla  extract.  The 
identity  of  the  caramel  can  be  corroborated  by  known  methods  and 
the  intensity  of  color  determined  by  a  tintometer.  By  use  of  tintom¬ 
eter  readings,  the  caramel  can  be  calculated  as  per  cent  of  color  or 
per  cent  by  weight  or  volume  in  a  liquid. 

CARAMEL  is  extensively  used  as  a  coloring  agent  in  bever¬ 
ages  and  food  products.  Manufactured  by  heating  sugar 
or  hydrolyzed  starch  until  the  sweet  taste  is  destroyed  and 
a  uniform,  dark-brown,  viscous  mass  is  formed,  caramel  is  said  to 
be  a  carbohydrate,  having  the  formula  (C^HisOg)*  (6).  Von 
Elbe  (5)  after  investigating  sucrose  caramel  stated  that  “caramel 
consists  of  a  mixture  of  colorless  compounds  and  a  dark-brown, 
‘humic’  substance  which  shows  the  properties  of  a  lyophobic 
colloid”.  That  statement  has  been  corroborated  in  this  labora¬ 
tory  and  work  on  caramel  derived  from  other  sugars  shows  that 
most  varieties  which  have  been  thoroughly  dried  are  insoluble  in 
water,  acid  solutions,  and  alkaline  solutions. 

The  principal  varieties  in  commerce  are  acid  proof,  nonacid 
proof,  foaming,  malt,  and  baker’s  and  confectioner’s  caramels. 
Another  variety  is  sometimes  found  in  concentrated  grape  must, 
or  grape  concentrate  which  has  been  heated  at  such  a  high  tem¬ 
perature  during  evaporation  of  the  juice  that  some  of  the  sugar 
has  caramelized.  Large  quantities  of  grape  concentrate  are  used 
in  the  manufacture  of  wine,  and  since  Internal  Revenue  laws  pro¬ 
hibit  the  presence  of  any  form  of  caramel  in  standard  wine,  it  is 
necessary  to  have  a  method  for  detecting  all  varieties  of  caramel. 

The  literature  contains  many  methods  for  detecting  caramel  in 
beverages  and  food,  but  no  quantitative  method.  The  experi¬ 
ence  in  this  laboratory,  where  a  large  part  of  the  work  involves 
wine,  is  that  none  of  the  published  tests  is  satisfactory  for  all 
kinds  of  wine  and  distilled  spirits,  particularly  grape  concentrate 
and  the  wine  made  from  it.  The  fact  that  caramel  may  be  made 
partly  insoluble  in  acid  and  alkaline  solutions  suggested  the  pos¬ 
sibility  of  using  such  a  reaction  as  the  basis  for  a  method  for  ob¬ 
taining  caramel  free  from  other  coloring  matter.  Common  re¬ 
agents  such  as  ethers,  alcohols,  etc.,  which  are  used  in  some  of  the 
known  methods,  were  tried  without  success;  the  caramel  was 
not  completely  precipitated  or  it  contained  other  coloring  matter. 
Some  of  the  chemicals,  such  as  tartrates  and  sulfites,  which  are 
present  in  wine  or  are  used  in  its  manufacture  were  tried  and  it  was 
found  that  the  combinations  used  in  the  present  method  pre¬ 
cipitated  all  the  caramel  without  including  other  coloring  matter. 


The  method  was  developed  primarily  for  the  analysis  of  wine, 
but  is  applicable  to  distilled  spirits,  vinegar,  and  vanilla  extract. 
Since  the  caramel  is  removed  completely  and  in  a  pure  state 
from  the  liquid  by  the  method  of  analysis,  and  from  a  caramel-free 
liquid  no  color  is  removed,  a  brown  precipitate  is  proof  of  the 
presence  of  caramel.  If  desired,  its  identity  can  be  corroborated 
by  known  tests.  For  a  quantitative  determination  a  colorimetric 
method  is  considered  most  suitable  and  a  Lovibond  tintometer  is 
used  for  the  purpose. 

All  tintometer  readings  were  made  at  a  north  window,  using 
daylight  reflected  from  an  opal  glass  plate.  All  readings  of  more 
than  20  brown  were  made  on  diluted  solutions,  except  the  stand¬ 
ard  caramel  solutions  which  were  read  in  a  0.156-cm.  (l/i6-inch) 
cell  and  calculated  to  a  1.25-cm.  (0.5-inch)  cell.  Although  manu¬ 
facturers  use  a  2.5-cm.  (1-inch)  cell  for  readings  of  color  in  the 
analysis  of  caramel,  analytical  laboratories  use  a  1.25-cm.  (0.5- 
inch)  cell  as  the  standard  for  color  readings  of  alcoholic  liquors 
and  other  liquids  colored  by  caramel.  The  Lovibond  tintometer 
has  been  criticized  on  the  ground  that  readings  cannot  be  made 
in  one  cell  and  calculated  to  a  cell  of  another  thickness  and  that 
the  slides  are  inaccurate.  The  figures  in  Table  III  show  that  the 
Lovibond  slides  are  accurate  for  readings  up  to  20  brown  and 
the  figures  in  the  example  below  show  that  calculations  can  be 
made  on  readings  in  cells  of  different  thicknesses.  Beyer  (4) 
has  shown  that  caramel  solutions  follow  Beer’s  law  and  that  read¬ 
ings  with  the  Lovibond  tintometer  are  as  accurate  as  those  made 
with  a  photometer. 

Allen  ( 1 )  states  in  connection  with  color  work  on  indigo,  “The 
most  satisfactory  solution  has  been  found  by  employing  the 
Lovibond  tintometer  as  the  color-measuring  instrument.  Since 
the  relative  proportions  of  red,  yellow,  and  blue  will  vary  in 
different  shades,  the  measure  of  depth  must  be  taken  as  the  total 
number  of  color  units  obtained  by  adding  together  the  units  of 
red,  yellow,  and  blue,  given  by  the  glasses  required  to  match  the 
pattern.  There  is  a  definite  relation  between  the  percentage 
weight  of  indigo  on  the  material  and  the  tintometric  reading.” 
The  principle  of  adding  color  units  and  making  calculations  with 
them  applies  to  caramel  as  well  as  to  indigo.  Unless  it  is  color¬ 
less,  all  wine  free  from  caramel  contains  brown  color  as  well  as 
red.  This  is  shown  in  Table  IV  by  the  readings  of  the  original 
wine,  every  one  of  which  contains  brown.  Even  varieties  which 
appear  to  the  eye  to  be  pure  red  require  brown  slides  to  match 
the  color,  a  striking  example  being  sample  140,309,  a  dark  red 
claret  which  contains  almost  as  much  brown  as  red.  If  caramel 
is  added  to  wine,  the  caramel  recovered  by  the  method  of  analy- 
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sis,  and  its  color  determined,  the  sum  of  the  brown  and  red  slides 
of  the  Lovibond  scale  divided  by  the  sum  of  the  brown  and  red 
slides  for  the  reading  of  the  original  sample  containing  caramel 
multiplied  by  100  equals  the  per  cent  of  caramel  color  in  the  total 
color,  because  the  readings  are  in  units  of  color  and  they  can  be 
compared  as  any  other  units.  To  illustrate  the  method  for  cal¬ 
culating  the  per  cent  of  caramel  in  a  liquid,  the  following  ex¬ 
ample  is  given,  using  a  dark  red  Burgundy  wine  to  which  cara¬ 
mel  was  added  and  recovered  by  the  method  of  analysis,  the 
color  readings  being  made  in  a  Lovibond  tintometer. 


A.  Wine 

4.0  brown  .  ,  .  .  ,  „  _  32.0  brown  .  „  ,  .  , 

,  .  ,  in  Vie-inch  cell  o  ,  in  0.5-ineh  cell 

5 . 4  red  43.2  red 

B.  Wine  and  water 

22  ml.  of  wine  and  3  ml.  of  water. 


3 . 5  brown  . 


4.4  red 


in  Vis-inch  cell 


28.0  brown  .  _  ,  .  ,  „ 

„„  „  ■,  in  0.5-inch  cell 

35 . 2  red 


C.  Caramel  and  water 

3  ml.  of  standard  caramel  solution  and  22  ml.  of  water. 

12.0  brown  .  „  ,  .  ,  „ 

„  „  ,  m  0.5-mch  cell 

0 . 8  red 

D.  Wine  and  Caramel 

22  ml.  of  wine  and  3  ml.  of  standard  caramel  solution 

5 . 0  brown  .  ,  ,  .  ,  ,,  ___  40 . 0  brown  .  „  ,  .  ,  ,, 
.  „  ,  in  Vis-inch  cell  o  _  ,  in  0.5-inch  cell 
4 . 6  red  36.8  red 


E.  3  ml.  of  caramel  added  to  22  ml.  of  wine  and  recovered  by  the 

method  of  analysis.  Final  solution  diluted  to  25  ml.  for  reading. 

10.5  brown  .  _  -  .  ,  ,, 

„  „  ,  in  0.5-inch  cell 

0.6  red 

Heading  of  B  +  reading  of  C  =  reading  of  D,  wine  and  caramel  be¬ 
fore  analysis. 

28.0  brown  12.0  brown  _  40.0  brown 

35.2  red  0.8  red  36.0  red 


Reading  of  B  +  reading  of  E  =  reading  of  wine  and  recovered 
caramel 

28.0  brown  .  10.5  brown  _  38.5  brown 

35 . 2  red  0 . 6  red  35 . 8  red 


F.  There  is  a  reduction  of  12.5%  of  color  in  the  method;  therefore 
the  reading  is  corrected  by  dividing  by  87.5  and  multiplying  by 


100. 

10.5  brown 
0 . 6  red 


-4-  87.5  X  100  = 


12 . 0  brown 
0.7  red 


Reading  of  B  +  reading  of  F  =  reading  of  wine  4-  reading  of 
caramel  recovered  by  analysis. 

40 . 0  brown 


28.0  brown  .12.0  brown 
35.3  red  +  0.7 


35 . 9  red 


=  D  after  analysis 


mi  ,•  12.0  brown  ,  ,  ,  ,  irl  _  .,  .  40.0  brown 

The  reading  q  ^  or  total  of  12.7  umts  ^  gg  g  re(j  or 

total  of  76.8  units  X  100  =  16.5%.  The  caramel  color  is  16.5% 
of  the  total  color  in  the  wine  containing  caramel. 

As  an  example  of  the  method  for  calculating  the  approximate 
per  cent  by  weight  or  volume  of  caramel  in  a  liquid,  suppose  that 
a  sample  from  a  50-gallon  barrel  of  brandy  is  analyzed  by  the 
method  and  the  color  reading  of  the  recovered  caramel  is 

^0  4  redWD  a  utnts  in  a  0.5-inch  cell  of  the  Lovibond 

tintometer. 

Correcting  for  the  12.5%  reduction  in  color  due  to  the  method 

11.0  4-  87.5  X  100  =  12.6  units 

Assume  that  the  caramel  in  the  brandy  had  the  composition  of 
the  average  shown  in  Table  I.  Since  0.10  gram  per  100  ml.  of 

the  average  caramel  reads  jj'g  n  a  total  of  10.2  units,  the 

quantity  required  to  read  12.6  units  is 

10.2:12.6  =  0.10:X  X  =  0.123  gram 

The  total  solids  of  the  average  caramel,  67.5%,  is  equivalent  to 
a  specific  gravity  of  1.33.  The  volume  of  caramel  per  100  ml. 
which  has  a  reading  of  12.6  total  units  is 

0.123  4-  1.33  =  0.092  ml. 

0.092  ml.  per  100  ml.  is  per  cent  by  volume 
0.092%  of  1  gallon  or  128  fluid  ounces  =  0.118  fluid  ounces 
0.118  X  50  =  5.9  fluid  ounces  of  caramel  in  the  50-gallon 
barrel  of  brandy 


Table  I.  Analysis  of  Caramel  Samples  as  Received  from 
Manufacturers 


Sample 

No. 

Mfgr. 

Variety 

Moisture  Solids, 
%  by  Weight 

Color  Reading  of 
0.10  Gram  of  Caramel 
in  100  Ml.  of  Water, 
0.5-Inch  Cell 

140,409 

A 

No  claim 

25.9 

74.1 

11.0  brown 

0 . 8  red 

141,730 

A 

No  claim 

37.7 

62.3 

11.0  brown 

0 . 8  red 

140,414 

B 

Acid-resistant 

31.1 

68.9 

9 . 5  brown 

0.8  red 

141,729 

B 

No  claim 

38.1 

61.9 

9 . 0  brown 

0 . 8  red 

140,458 

C 

Malt 

29.3 

70.7 

9 . 0  brown 

0 . 8  red 

140,461 

D 

Acidproof 

22.1 

77.9 

11.0  brown 

0 . 8  red 

141,770 

D 

Foaming 

31.3 

68.7 

11.0  brown 

0 . 4  red 

141,747 

E 

Bakers  and 
confectioners 

29.4 

70.6 

9 . 0  brown 

0 . 8  red 

140,471 

E 

No  claim 

34.2 

65.8 

8 . 5  brown 

0 . 8  red 

141,766 

F 

Extra  strong 

34.1 

65.9 

11.0  brown 

0 . 4  red 

141,767 

F 

Foaming 

41.8 

58.2 

11.5  brown 

0 . 4  red 

141,832 

G 

Not  acidproof 

37.2 

62.8 

8 . 0  brown 

0 . 4  red 

140,413 

G 

Acid-resistant 

27.7 

72.3 

8 . 0  brown 

0 . 4  red 

140,396 

H 

No  claim 

28.4 

71.6 

8 . 5  brown 

0 . 4  red 

140,397 

I 

No  claim 

28.1 

71.9 

7 . 5  brown 

0 . 4  red 

140,463 

J 

No  claim 

43.7 

56.3 

9 . 0  brown 

0 . 8  red 

Av. 

32.5 

67.5 

9 . 6  brown 

0 . 6  red 

Internal  Revenue  regulations  permit  a  maximum  of  6  fluid 
ounces  of  caramel  to  be  added  to  50  gallons  of  brandy.  There¬ 
fore,  in  the  brandy  of  unknown  origin  mentioned  above  the  quan¬ 
tity  of  caramel  is  within  the  limits  of  the  regulations. 

In  addition  to  the  chemical  reagents  used  in  the  method,  there 
is  another  substance  necessary  for  the  precipitation  of  caramel, 
the  nature  of  which  is  at  present  unknown.  It  is  found  in  all 
wine,  vinegar,  and  vanilla  extract  so  far  analyzed,  but  is  not  pres¬ 
ent  in  distilled  spirits  or  caramel  solutions  and  it  must  be  fur¬ 
nished  from  some  other  source,  for  without  it,  caramel  cannot  be 
recovered  quantitatively  by  this  method  from  distilled  spirits 
and  caramel  solutions.  If  a  caramel  in  a  10  to  21%  alcohol  solu¬ 
tion  only  is  analyzed  by  the  method  for  wine,  not  more  than  50% 
of  the  caramel  is  recovered  because  of  lack  of  the  ingredient 
mentioned. 

In  the  search  for  a  substance  which  might  contain  this  neces¬ 
sary  precipitating  material,  several  varieties  of  sugar  were  tried. 
When  dextrose  was  used,  the  recovery  of  caramel  was  still  only 
50%,  with  honey  65%,  with  sucrose  75%,  with  sorbitol  or  man- 
nite  85%,  with  maple  sugar  90%,  and  with  light  brown  granu¬ 
lated  cane  sugar  100%.  All  grades  of  brown  sugar  do  not  con¬ 
tain  caramel.  The  one  used  in  this  work  was  obtained  in  one- 
pound  packages  at  a  grocery  store;  it  was  found  to  be  caramel- 
free  and  very  light  in  color,  comparable  to  Mulliken’s  Color 
Chart  A,  yellow  tint  2  (7).  It  should  be  tested  by  the  method 
of  analysis  to  determine  its  freedom  from  caramel,  by  the  use  of 
3  grams  in  enough  10  to  21%  alcohol  to  make  a  volume  of  25  ml. 
During  the  search  for  this  ingredient,  gelatin  and  its  hydrolysis 
products  were  studied,  but  it  was  found  that  they  precipitated 
not  only  all  of  the  caramel  but  also  wine  and  fruit  colors.  Al¬ 
though  sometimes  used  as  a  clarification  medium  in  wine  manu¬ 
facture,  gelatin  has  never  been  noticed  in  wine  because  of  its 
insolubility  in  alcoholic  liquids.  Pectin,  when  added  to  wine, 
formed  during  the  analysis  a  mass  of  stringy  material  or  a  curdy 
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precipitate  depending  on  the  quantity  added,  which  carried  wine 
color  with  it  and  ruined  the  determination.  However,  pectin 
has  never  been  found  in  grape  wine  and  only  in  small  quantities 
in  a  few  samples  of  abnormal  fruit  wane  and  in  a  concentrate 
made  from  black  grapes.  If  present  in  wine,  it  can  be  removed 
from  the  caramel  precipitate  by  the  acetone-hydrochloric  acid 
process  described  below.  Dextrin  in  any  appreciable  quantity 
was  found  to  collect  on  the  sides  of  the  precipitating  cylinder  as  a 
white  sticky  mass,  but  it  was  encountered  only  while  endeavoring 
to  adapt  the  method  to  the  analysis  of  beer.  The  method  can  be 
used  for  the  determination  of  caramel  in  beer  but  it  is  most  un¬ 
satisfactory  and  is  not  recommended. 

STANDARD  CARAMEL  SOLUTIONS 

For  use  in  developing  the  method,  16  samples  of  caramel  ob¬ 
tained  from  10  manufacturers  were  analyzed  for  moisture,  solids, 
and  tinctorial  strength  in  order  to  compare  their  quality.  The 
tinctorial  strength  was  determined  in  a  solution  of  0.10  gram  of 
caramel  in  100  ml.  of  water,  using  a  0.5-inch  cell  in  a  Lovibond 
tintometer,  matching  the  color  with  brown  slides  series  52  and 
red  slides  series  200.  The  results  are  shown  in  Table  I. 

Color  is  the  only  basis  on  which  the  various  brands  of  com¬ 
mercial  caramel  can  be  compared  because  they  vary  in  moisture, 
solids,  ash,  etc.;  so  if  all  the  samples  are  adjusted  to  the  same 
depth  of  color  they  are  comparable  in  quality.  Since  it  was  found 
that  diluted  caramel  solutions  were  decomposed  by  yeasts  and 
molds,  even  when  kept  in  a  refrigerator,  freshly  prepared  stand¬ 
ard  solutions  were  used  in  all  determinations. 

Each  sample  of  caramel  was  diluted  with  sufficient  water  to 
yield  a  solution  of  tinctorial  strength  corresponding  to  a  reading 

1 12.0  brown .  12.5  brown  •  ,  ,,  m.-  ,  . 

ol  0  4  red  to  0  8  red  in  a  Virinch  cell.  1  his  was  adopted 

as  the  standard  and  it  made  all  the  samples  comparable.  The 
standard  solutions  were  analyzed  for  solids  and  ash  (Table  II). 
These  figures  may  be  of  value  in  detecting  adulterated  caramel. 
If  a  sample  is  diluted  sufficiently  to  have  a  color  reading  of  12.0 
to  12.5  brown  in  a  l/u-inch  cell  and  its  solid  content  is  materially 
less  than  the  minimum  shown  in  Table  II,  the  inference  is  very 
strong  that  the  sample  contains  color  other  than  caramel. 


Table  II.  Analysis  of  "Standard  Solutions  of  Caramel" 


(Color  readings  of  12.0  to  12.5  brown  in  l/i6-inch  cell) 


Sample  No. 

Mfgr. 

Solids 

Ash 

G./100  ml. 

G./100  ml. 

140,409 

A 

0.6725 

0.0186 

141,730 

A 

0.6200 

0.0130 

140,414 

B 

0.6585 

0.0122 

141,729 

B 

0.6530 

0.0231 

140,458 

C 

0.8135 

0.0056 

140,461 

D 

0.7155 

0.0190 

141,770 

D 

0.6172 

0 . 0250 

141,747 

E 

0.7580 

0.0200 

140,471 

E 

0.7332 

0.0025 

141,766 

F 

0.6500 

0.0672 

141,767 

F 

0.5155 

0.0358 

141,832 

G 

0.7110 

0.0070 

140,413 

G 

0.9130 

0.0100 

140,396 

H 

0.9042 

0.0962 

140,397 

X 

0.9130 

0.0625 

140,463 

J 

0.6230 

0.0520 

Av.  0.7169 

0.0293 

Various  volumes  of  the  standard  solutions  having  color  read- 
mgs  of  q  4  re(j  to  q  g  rg(j  in  a  1/i6-inch  cell  were  diluted 
to  25  ml.  and  tintometer  readings  made  in  a  0.5-inch  cell;  1.5 
ml.  of  such  a  solution  diluted  to  25  ml.  read  q'®  ^gjWn  in  a  0.5- 

inch  cell.  However,  when  1.5  ml.  of  a  standard  solution  were 
diluted  to  25  ml.  and  treated  as  in  the  last  part  of  the  method  of 
analysis,  beginning  with  the  sentence  “Transfer  the  paper  and 
precipitate  to  a  150-ml.  beaker.”  and  finally  read  in  a  0.5- 

inch  cell,  the  color  was  invariably  q'®  ^wn  to  q‘|  ^wn  instead 

r  6.0  brown 
01  0.4  red  ‘ 


This  procedure  shows  that  there  was  a  reduction  in  color,  due 
not  to  a  loss  of  caramel  precipitation  in  the  main  part  of  the 
method  but  to  the  treatment  of  the  precipitated  caramel  after 
it  was  removed  from  the  rest  of  the  sample.  The  reduction  in 


Table  III.  Color  Reading  of  Standard  Caramel  Solutions 
Diluted  with  Water  to  25  Ml.a 


Color  Reading 

Volume  of 

Untreated  solution, 

Treated  solution. 

Solution,  Ml. 

0.5-inch  cell 

0.5-inch  cell 

0.75 

3 . 0  brown 

0 . 2  red 

2.5,  2.75  brown 

0.2  to  0.2  red 

1 . 5 

6 . 0  brown 

0 . 4  red 

5.0,  5.5  brown 

0.2  T0  0.4  red 

3.0 

12.0  brown 

0 . 8  red 

10.0  ,  11.0  brown 

0.6  T0  0.8  red 

6.0 

23 . 0  .  24 . 0  brown 

1.0  10  1.4  red 

20 . 0  .  22 . 0  brown 

1.0  10  1.4  red 

a  Standard  caramel  solutions  were  treated  by  the  last  part  of  the  method 
of  analysis  beginning  with  “Transfer  the  paper  and  precipitate  to  a  150-ml. 
beaker”.  An  average  of  12.5%  reduction  in  the  color  reading  was  caused  by 
the  treatment. 


color,  averaging  12.5%,  is  characteristic  of  the  method,  and  is 
consistent  as  shown  by  the  readings  in  Table  III  and  the  other 
tables. 

DETERMINATION  OF  CARAMEL 

Method  for  Wine.  Reagents.  Powdered  boric  acid,  U.S.P. 
Powdered  citric  acid,  U.S.P. 

Powdered  potassium  bitartrate,  c.p.  Powdered  tartaric  acid, 
c.p. 

Powdered  sodium  bisulfite,  reagent  grade,  minimum  95% 
NaHS03  (not  sodium  metabisulfite) 

Sodium  hydroxide,  c.p.  Ether,  c.p.  Acetone,  c.p.  Alcohol 
U.S.P. 

Boric-Citric  Acid  Solution.  To  100  ml.  of  95%  alcohol,  add  6 
grams  of  boric  acid  and  2  grams  of  citric  acid,  warm  to  55°  C.  for 
solution,  and  cool  to  room  temperature. 

Precipitating  Solution.  To  56  ml.  of  the  alcoholic  boric-citric 
acid  solution  in  a  100-ml.  cylinder,  add  19  ml.  of  ether  and  25  ml. 
of  acetone  and  mix.  Prepare  just  before  use. 

Alcoholic  Sodium  Hydroxide  Solution.  To  100  ml.  of  alcohol 
which  is  practically  aldehyde-free  add  4  grams  of  sodium  hy¬ 
droxide  dissolved  in  4  ml.  of  water,  mix,  filter,  and  keep  in  a 
tightly  stoppered  bottle. 

Apparatus.  Glass-stoppered  cylinder  graduated  to  100  ml. 
and  capable  of  holding  130  ml. 

Procedure.  Place  25  ml.  of  wine,  containing  10  to  21%  of  al¬ 
cohol  by  volume  and  not  more  than  20%  of  solids,  in  the  speci¬ 
fied  glass-stoppered  cylinder.  Add  in  the  order  named,  shaking 
after  each  addition,  0.3  gram  of  potassium  bitartrate,  0.1  gram 
of  tartaric  acid,  and  0.4  gram  of  sodium  bisulfite.  Allow  the 
mixture  to  stand  for  10  minutes  and  add  100  ml.  of  the  precipi¬ 
tating  solution.  Shake  the  cylinder  vigorously  for  1  or  2  min¬ 
utes,  removing  the  stopper  every  15  or  20  seconds  to  release  the 
pressure  and  stand  overnight  for  complete  precipitation  of  the 
caramel.  Place  in  a  Gooch  crucible  a  mat  of  paper  pulp  Vi6  inch 
or  less  in  thickness,  rinse  it  with  alcohol  using  suction,  then  de¬ 
cant  through  it  the  liquid  in  the  cylinder  until  approximately 
10  ml.  remain.  Mix  the  liquid  and  precipitate  in  the  cylinder 
and  pour  rapidly  through  the  Gooch.  Binse  the  cylinder  several 
times  with  5  to  10  ml.  of  alcoholic  boric-  jitric  acid  solution,  pour¬ 
ing  the  rinsings  through  the  Gooch.  V,  ash  the  precipitate  in  the 
Gooch  with  25  ml.  of  hot  alcoholic  boric-citric  acid  solution 
(heated  to  boiling  in  a  600-ml.  beaker  on  an  electric  hot  plate  to 
prevent  ignition  and  swirling  the  beaker  constantly  to  prevent 
bumping),  followed  by  10  ml.  of  95%  alcohol,  then  10  ml.  of  4% 
alcoholic  sodium  hydroxide  solution,  and  finallv  by  10  ml.  of  95% 
alcohol. 

Transfer  the  paper  and  precipitate  to  a  150-ml.  beaker,  and 
wash  the  Gooch  with  5  ml.  of  0.5  N  aqueous  sodium  hydroxide 
solution,  followed  by  15  ml.  of  water,  adding  the  washings  to  the 
beaker.  Test  with  litmus  paper  to  be  sure  the  solution  is  alka¬ 
line.  Boil  vigorously  for  several  minutes  to  dissolve  the  cara¬ 
mel,  stirring  constantly  to  prevent  bumping,  and  cool  gradually 
to  room  temperature.  Filter  the  contents  of  the  beaker  through 
a  9-cm.  filter  paper  which  has  been  wet  with  water,  collecting  the 
filtrate  in  a  50-ml.  cylinder.  Wash  with  water  until  the  filtrate 
is  colorless  and  measures  approximately  23  ml.,  make  faintly  acid 
with  N  hydrochloric  acid,  and  complete  the  volume  to  25  ml. 
with  water.  Read  the  color  of  the  caramel  solution  in  a  0.5-inch  cell 
in  the  Lovibond  tintometer,  correct  it  for  the  12.5%  manipula¬ 
tion  loss,  divide  it  by  the  color  reading  of  the  original  wine,  and 
multiply  by  100  for  the  per  cent  of  caramel  color  in  the  total 
color. 

The  analysis  of  grape  concentrate  for  caramel  coloring  is  more 
difficult  than  that  of  wine  itself  because  the  concentrate  contains 
all  the  solids  and  vegetable  color  originally  present  in  the  grape 
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juice,  much  of  which  is  removed  in  the  process  of  manufacturing 
wine.  The  concentrate  must  be  diluted  with  10  to  21%  alcohol 
and  filtered  before  analysis.  Difficulty  may  be  experienced  in 
filtering  the  concentrate  even  after  diluting  2  to  5  ml.  of  the 
sample  to  25  ml.  For  this  reason  2  ml.  of  the  concentrate  are 
generally  preferred.  The  use  of  suction  or  a  centrifuge  may  not 
aid  the  filtration.  The  best  procedure  is  to  dilute  4  ml.  of  the 
concentrate  to  50  ml.  with  10  to  21%  alcohol,  add  1  gram  of 
purified  talc  U.S.P.,  mix,  and  filter  through  a  dry  double  filter 
paper.  It  may  take  several  hours  for  this  filtration,  but  the 
liquid  must  be  clear;  otherwise  the 
method  is  a  failure.  Purified  talc 
U.S.P.  is  inert  and  no  caramel  will 
be  adsorbed  by  it  when  the  quantity 
used  is  small. 

Some  varieties  of  very  _  dark 
colored  grapes  produce  concentrate 
which  is  very  different  in  composi¬ 
tion  from  the  ordinary  varieties.  It 
is  almost,  black  in  color  and,  because 
of  being  unfermented,  contains  an 
excess  of  iron  which,  during  the 
analysis,  precipitates  an  iron  color 
complex  noticeable  as  a  red  con¬ 
tamination  in  the  caramel.  The 
coloring  matter  is  not  removed  by 
the  regular  method  of  analysis  and  a 
special  procedure  is  necessary  to 
eliminate  it.  No  wine  or  ordinary 
grape  concentrate  has  been  analyzed 
which  caused  trouble  and  this  extra 
step  does  not  need  to  be  taken  unless 
the  caramel  precipitate  is  abnormal 
because  of  its  color  or  other  unusual 
appearance  which  will  be  apparent 
to  an  experienced  analyst.  The 
procedure  is  as  follows: 

Prepare  an  acetone-hydrochloric 
acid  mixture  containing  25  to  29% 
acid  by  volume  by  pouring  15  ml.  of 
c.p.  acetone  in  a  25-ml.  cylinder  and 
adding  hydrochloric  acid  (1.18  sp. 
gr.)  to  the  20-  or  21-ml.  mark.  Pour 
the  mixture  into  a  small  beaker,  cool 
it  in  ice  water  to  20°  to  25°  C.,  and 
use  it  immediately  at  that  tempera¬ 
ture.  This  volume,  which  is  sufficient 
for  one  test,  should  be  measured  ac¬ 
curately  because  experiments  have 
proved  that  caramel  is  soluble  in 
stronger  acid.  However,  the  mixture 
of  the  strength  specified  will  break  up 
the  iron  color  complex  without  dis¬ 
solving  the  caramel  as  precipitated 
by  the  method.  At  the  point  in  the 
method  of  analysis,  beginning  with 
the  sentence 1  ‘Transfer  the  paper  and 
precipitate  to  a  150-ml.  beaker.”,  fill 
the  Gooch  half  full  of  the  acetone- 
hydrochloric  acid  mixture,  continue 
the  suction  until  a  drop  of  liquid  is 
drawn  through,  discontinue  the  suc¬ 
tion  for  a  minute  to  allow  the  liquid 
to  penetrate  the  precipitate,  suction 
off  the  liquid,  and  wash  thoroughly 
with  alcohol.  Repeat  the  process 
using  alcoholic  sodium  hydroxide 
and  wash  with  alcohol. 

Replace  the  Gooch  in  the  suction 
flask,  with  a  second  one  containing  a 
mat  of  paper  pulp  and  with  a  small 
stirring  rod  transfer  the  mat  and  pre¬ 
cipitate  from  the  first  Gooch  to  the 
second  one.  Fill  the  second  Gooch 
half  full  of  the  acetone-hydrochloric 
acid  mixture  and,  while  holding  the 
mat  against  the  side  of  the  cru¬ 


cible  with  a  stirring  rod,  break  it  up  with  a  second  rod,  without 
disturbing  the  lower  mat.  When  it  is  disintegrated  and  satu¬ 
rated  with  the  acetone-hydrochloric  acid  mixture  apply  suction, 
draw  the  liquid  through,  add  the  remainder  of  the  mixture,  suck 
it  dry,  wash  with  alcohol,  discontinue  the  suction,  add  alcoholic 
sodium  hydroxide,  stir  the  loose  pulp,  suck  it  dry,  and  wash  with 
alcohol.  Place  the  mat  and  precipitate  in  a  150-ml.  beaker,  and 
wash  both  Gooch  crucibles  with  5  ml.  of  0.5  N  aqueous  sodium 
hydroxide  solution,  followed  by  15  ml.  of  water,  adding  the  wash¬ 
ings  to  the  beaker.  From  this  point  follow  the  regular  method. 
If  it  is  necessary  to  reduce  the  volume  of  the  caramel  solution, 
evaporate  it  in  an  alkaline  condition  to  less  than  25  ml.,  make 
slightly  acid,  and  complete  the  volume  to  25  ml. 


Table  IV.  Analysis  of  Grape,  Berry,  and  Fruit  Wine  before  and  after  Addition  of  Caramel 

(0.5-inch  cell) 

Color  Reading  of 


Sample 

No. 

Wine 

Alcohol 

Color 

Reading  of 
Original 
Wine 

Final  Solution 
after  Analysis 
of  Original 
Wine 

Volume  of 
Standard  Solution 
of  Caramel  Added 
to  Original  Wine 

Color  Reading  of 
Final  Solution 
Representing 
Recovered  Caramel 

%  by 

volume 

Ml. 

139,476 

Muscatel 

20.0 

7 . 5  brown 

1 . 8  red 

Colorless 

1.5 

5 . 5  brown 

0 . 4  red 

139,425 

Muscatel 

20.6 

15.0  brown 
10.0  red 

Colorless 

3.0 

10.5  brown 

0 . 8  red 

137,827 

Muscatel 

18.2 

5.75  brown 

0 . 6  red 

Colorless 

0.75 

2 . 6  brown 

0 . 2  red 

141,587 

Muscatel 

15.5 

11.5  brown 
0.6  red 

Colorless 

6.0 

21.0  brown 
1.2  red 

141,696 

Muscatel 

19.5 

22 . 5  brown 

1 . 6  red 

Trace 

1.5 

5.75  brown 

0 . 6  red 

134,428 

Burgundy 

12.0 

24 . 0  brown 

65 . 0  red 

Colorless 

1.5 

5 . 5  brown 

0 . 2  red 

137,280 

Burgundy 

13.0 

32.0  brown 
96 . 0  red 

Colorless 

0.75 

2.75  brown 

0 . 2  red 

140,878 

Zinfandel 

13.0 

16.0  brown 
103.0  red 

Colorless 

1.5 

5 . 5  brown 

0 . 2  red 

140,309 

Claret 

13.5 

16.0  brown 
17.2  red 

Colorless 

3.0 

10.0  brown 
0.6  red 

142,212 

Chianti 

13.1 

12.0  brown 
29.2  red 

Colorless 

0.75 

2.75  brown 

0 . 2  red 

139,253 

Port 

23.6 

16.0  brown 
25 . 6  red 

Colorless 

3.0 

10.0  brown 

0 . 6  red 

140,388 

Tawny  port 

20.0 

18.0  brown 

4 . 0  red 

Colorless 

3.0 

10.0  brown 

0 . 6  red 

139,182 

Port 

20.5 

25.6  brown 

29 . 6  red 

Colorless 

1.5 

5 . 25  brown 
0.4  red 

140,337 

Sherry 

20.4 

14 . 0  brown 

1 . 4  red 

Trace 

1.5 

5 . 25  brown 
0.2  red 

140,339 

Sherry 

20.0 

18.0  brown 
2.0  red 

Colorless 

3.0 

10.0  brown 
0.6  red 

140,384 

Sherry 

20.5 

10 . 0  brown 

0 . 4  red 

Colorless 

0.75 

2 . 6  brown 

0 . 2  red 

140,382 

Sherry 

20.25 

16.0  brown 

1 . 5  red 

Trace 

1.5 

5 . 5  brown 
0.5_  red 

142,736 

Sherry 

20.2 

12 . 5  brown 

0 . 8  red 

Colorless 

1.5 

5 . 25  brown 

0 . 4  red 

139,475 

Malvasia 

21.4 

16 . 0  brown 
11.6  red 

Colorless 

6.0 

20 . 5  brown 
1.2  red 

140,842 

Angelica 

20.8 

15.0  brown 

1 . 8  red 

Colorless 

3.0 

10.5  brown 

0 . 6  red 

142,450 

Tokay 

20.2 

7 . 5  brown 

3 . 8  red 

Colorless 

0.75 

2.75  brown 
0.2  red 

139,100 

Alicante 

20.6 

18.0  brown 
20 . 0  red 

Colorless 

1.5 

5.5  brown 

0 . 4  red 

140,387 

Chablis 

12.8 

5.5  brown 

0 . 4  red 

Colorless 

0.75 

2.6  brown 

0 . 2  red 

140,839 

Sauterne 

13.4 

10.0  brown 

0 . 8  red 

Colorless 

1.5 

5.25  brown 

0 . 4  red 

141,920 

Apple 

20.0 

7.0  brown 
0.4  red 

Colorless 

3.0 

10.25  brown 
0.8  red 

141,922 

Loganberry 

13.0 

14 . 0  brown 
43 . 2  red 

Colorless 

1.5 

5.0  brown 

0 . 4  red 

141,921 

Blackberry 

13.0 

26 . 0  brown 
20 . 8  red 

Colorless 

0.75 

2.6  brown 
0.2  red 

141,926 

Currant 

13.0 

12.0  brown 
9 . 6  red 

Colorless 

1 . 5 

5 . 0  brown 

0 . 6  red 

148,169 

Cherry 

21.0 

11.0  brown 
2 . 2  red 

Colorless 

3.0 

10.25  brown 

0 . 8  red 

140,555 

Orange 

19.0 

3 . 0  brown 
0 . 2  red 

Colorless 

1.5 

5.0  brown 

0 . 4  red 

142,135 

Peach 

20.1 

4 . 5  brown 
0 . 2  red 

Colorless 

3.0 

10.5  brown 

0 . 6  red 
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Table  V.  Analysis  of  Grape  and  Raisin  Concentrates  and  Wine 

(0.5-inch  cell) 


Color  Reading 


Sample 

No. 

Grape  and  Raisin 
Concentrates 

Concentrate 

before 

dilution 

Final  solution 
after  analysis  of 
diluted  concentrate 

Caramel  calculated  to 
undiluted  concentrate 

141,691 

Raisin  concentrate 

(5  ml.  diluted  to  25  ml. 
with  20%  alcohol  for 
analysis) 

200 . 0  brown 
12.0  red 

3 . 5  brown 

0 . 4  red 

17 . 5  brown 

2 . 0  red 

137,872 

Grape  concentrate 
(same  dilution) 

375 . 0  brown 
20.0  red 

5.0  brown 

0.4  red 

25.0  brown 

2 . 0  red 

140,826 

Red  grape  concentrate 
(same  dilution) 

20 . 0  brown 
50 . 0  red 

Colorless 

140,827 

Red  grap  concentrate 
(same  dilution) 

150 . 0  brown 
200 . 0  red 

Colorless 

140,828 

White  grape  concentrate 
(same  dilution) 

100.0  brown 

6 . 0  red 

Colorless 

140,829 

Red  grape  concentrate 
(same  dilution) 

40 . 0  brown 
50 . 0  red 

Colorless 

Overcooked  Grape  Concentrate0 

, 

136,947 

5  ml.  concentrate  diluted 
to  25  ml.  with  20% 
alcohol 

575 . 0  brown 
40 . 0  red 

30 . 0  brown 

2 . 4  red 

150.0  brown 

12.0  red 

136,947 

2  ml.  concentrate,  diluted 
to  25  ml.  with  20% 
alcohol 

575 . 0  brown 
40 . 0  red 

11.5  brown 

1 . 0  red 

140 . 0  brown 

12 . 5  red 

Wine  Made  from  Concentrate  136,947 

Wine 

Alcohol  by 
Volume,  % 

Color  Reading 
before  Analysis 

Color  Reading 
after  Analysis 

138.192& 

137,009  c 

Red  port,  no  dilution 

Red  port,  no  dilution 

20.9 

20.8 

42 . 0  brown 

9 . 6  red 

40.0  brown 

8 . 8  red 

5 . 0  brown 

0 . 6  red 

3 . 5  brown 

0 . 6  red 

a  Sample  136,947  was  overcooked  and  contained  a  considerable  quantity  of  caramel.  The 
manufacturer  blended  it  with  wine  in  such  small  proportions  he  thought  the  color  added  by  the 
caramel  would  be  of  negligible  value  and  could  not  be  detected.  Two  lots  of  blended  wine, 
samples  138*192  and  137,009,  were  analyzed,  the  caramel  was  detected,  and  the  quantity  deter¬ 
mined.  The  caramel  color  reading  of  the  wine  corrected  for  the  reduction  of  12.5%  in  the 
method,  divided  by  the  caramel  color  reading  of  the  concentrate,  corrected,  multiplied  by  100 
equals  the  per  cent  of  concentrate  used  in  the  wine. 
b  For  sample  138,192,  the  calculation  is 

(5.0  +  0.6)  -f-  87.5  X  100  =  6.4  corrected  color  reading  for  wine. 

(150.0  +  12.0)  -f-  87.5  X  100  =  185.1  corrected  color  reading  for  concentrate. 

6.4  -r-  185.1  X  100  =  3.5%  of  concentrate  in  wine. 

c  For  sample  137,009,  a  similar  calculation  shows  presence  of  2.5%  of  concentrate  in  wine. 
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Method  for  Distilled  Spirits.  Reagents. 

Ethyl  acetate,  c.p.  Ammonium  chloride,  c.p. 

Commercial  brown  sugar  (sucrose),  granulated, 
caramel-free. 

Reagents  and  apparatus  listed  under  wine 
analysis. 

Procedure.  Place  25  ml.  of  the  spirits  in  a 
separatory  funnel,  add  50  ml.  of  ether,  shake 
vigorously  for  1  minute  to  remove  the  alcohol, 
allow  to  settle  for  at  least  15  minutes,  draw  off 
the  lower  aqueous  layer  into  another  separatory 
funnel,  and  discard  the  ether  layer.  Add  to 
the  aqueous  solution  25  to  35  ml.  of  ethyl 
acetate,  shake  vigorously  for  1  minute  to  re¬ 
move  uncharred  oak  tannin,  allow  to  settle  for 
at  least  15  minutes,  draw  off  the  lower  layer 
into  the  specified  glass-stoppered  cylinder,  add 
3  grams  of  brown  sugar,  fill  to  the  21-ml.  mark 
with  water,  and  complete  the  volume  to  25  ml. 
with  95%  alcohol.  Mix  the  contents  of  the 
cylinder  to  dissolve  the  sugar  and  proceed  as 
directed  for  wine.  After  the  final  solution  has 
been  acidified  and  made  up  to  a  volume  of  25 
ml.,  add  0.07  gram  of  ammonium  chloride,  mix, 
and  allow  to  stand  for  at  least  30  minutes.  If 
any  tannin  from  redwood  or  uncharred  oak 
remains  in  the  solution,  it  will  be  precipitated 
by  the  ammonium  chloride.  Filter  through  a 
9-cm.  filter  paper,  read  the  color  of  the  filtrate 
in  a  0.5-inch  cell,  and  calculate  the  per  cent  of 
caramel  in  the  original  spirits  as  described 
under  wine. 

Method  for  Vinegar.  Procedure.  Place 
22  ml.  of  vinegar  in  the  specified  glass-stoppered 
cylinder  and  add  3  ml.  of  95%  alcohol.  Pro¬ 
ceed  as  directed  for  wine.  Make  the  final 
volume  up  to  22  ml.  for  the  color  reading  and 
calculate  the  per  cent  of  caramel  in  the  original 
vinegar  as  described  under  wine. 

Method  for  Vanilla  Extract.  Procedure. 

To  25  ml.  of  vanilla  extract,  add  25  ml.  of  water 
and  1  gram  of  purified  talc  and  mix.  Prepare 
a  layer  of  paper  pulp  in  a  Gooch  crucible  using 
suction,  and  filter  the  vanilla  mixture  through 
it  several  times  until  a  layer  of  talc  is  formed 
and  the  filtrate  is  clear.  Place  25  ml.  of  the 
liquid  in  the  specified  glass-stoppered  cylinder 
and  proceed  as  directed  for  wine.  Make  the  final  volume  up  to 
25  ml.  and  multiply  the  color  reading  by  2  or  make  it  up  to  12.5 
ml.  and  use  the  direct  reading.  Calculate  the  per  cent  of  caramel 
in  the  original  vanilla  extract  as  described  under  wine. 

DISCUSSION  OF  THE  METHOD 

The  sample  should  be  clear,  filtered  if  necessary.  If  a  sample 
of  less  than  25  ml.  is  used,  it  should  be  diluted  with  alcohol  and 
water,  so  that  the  volume  for  analysis  is  25  ml.  containing  10  to 
21%  alcohol.  The  percentage  of  water  is  as  important  as  that 
of  any  other  reagent.  Most  inorganic  salts,  other  than  the  re¬ 
agents  listed,  such  as  common  laboratory  chemicals,  are  detri¬ 
mental  as  they  tend  to  disturb  the  chemical  balance,  preventing 
complete  separation  of  the  caramel  and  precipitating  an  excess 
of  the  reagents.  Normal  wine,  distilled  spirits,  vinegar,  and 
vanilla  extract  do  not  contain  such  salts  in  sufficient  quantity  to 
interfere  with  the  method. 

The  ratio  between  the  reagents  used  in  the  method  is  very 
definite  and  the  quantities  of  all  of  them  should  be  carefully 
measured,  as  a  material  change  would  interfere  with  the  proper 
precipitation  of  the  caramel.  The  quantities  used  are  satisfac¬ 
tory  for  all  types  of  dry  and  sweet  wine,  distilled  spirits,  vinegar, 
and  vanilla  extract.  The  difference  in  acidity  between  eastern 
and  California  wine  was  taken  into  consideration  in  fixing  the 
quantity  of  tartaric  acid  to  be  used  and  the  normal  sulfite  content 
of  wine  in  fixing  the  quantity  of  sodium  bisulfite.  The  potassium 
bitartrate,  tartaric  acid,  and  sodium  bisulfite  with  the  boric  and 
citric  acids  not  only  aid  in  the  precipitation  of  the  caramel,  but 
also  form  a  mat  on  which  the  caramel  settles,  permitting  its  easy 
removal.  The  alcoholic  boric-citric  acid  solution  acts  as  a  sol¬ 
vent  for  sugar  and  other  solid  matter;  the  more  sugar  there  is  in 


the  sample  the  less  cream  of  tartar  and  tartaric  acid  are  precipi¬ 
tated,  a  point  being  reached  at  which  neither  reagent  is  precipi¬ 
tated  and  a  sirupy  mass  is  thrown  down  which  makes  the  removal 
of  the  caramel  from  the  cylinder  exceedingly  difficult.  There¬ 
fore,  the  solids  in  the  sample  being  analyzed  should  not  exceed 
20%. 

All  of  the  samples  of  caramel  reduced  Fehling’s  solution  be¬ 
cause  of  the  presence  of  sugar,  but  in  this  method,  all  sugar  is  re¬ 
moved  by  the  use  of  the  alcoholic  boric-citric  acid  solution  and  in 
no  instance  has  the  final  caramel  solution  after  analysis  reduced 
Fehling’s  solution.  Because  of  this  fact,  in  the  final  step  of  the 
analysis  the  precipitated  caramel  can  be  boiled  in  aqueous  solu¬ 
tion  with  alkali  to  dissolve  it  without  any  possibility  of  increas¬ 
ing  the  caramel. 

All  caramel  color  readings  should  be  made  in  a  solution  which 
is  slightly  acid  because  the  color  is  darker  in  an  alkaline  than  in 
an  acid  condition,  this  darkening  being  due  to  a  large  increase  in 
red  color  with  only  a  slight  increase  in  the  brown.  If  it  is  de¬ 
sired  to  evaporate  a  caramel  solution  after  precipitation  by  this 
method,  it  should  be  done  in  an  alkaline  condition  because  non¬ 
acid  proof  caramel  may  be  precipitated  in  a  liquid  which  is  more 
than  slightly  acid. 

APPLICATIONS 

Many  varieties  of  wine,  including  grape,  berry,  and  fruit,  were 
analyzed  by  the  method  and  when  no  caramel  was  present,  the 
final  solution  was  colorless,  except  in  a  few  instances  when  there 
was  a  trace  of  color,  which  it  was  impossible  to  remove  by  any 
variation  in  the  method.  In  other  samples  of  the  same  varieties 
of  wine,  the  final  solutions  were  colorless.  For  these  reasons  it 
was  concluded  that  the  slight  color  was  due  to  a  small  quantity 
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Table  VI.  Analysis  of  Distilled  Spirits  before  and  after  Addition  of  Caramel 


Sample 

No. 

Variety 

Proof 

Marsh 
Test  (2) 

(0.5-inch  cell) 

Cyclo-  Color  Read- 
hexanol  ing  of  Original 
Test  (5) b  Spirits 

Color  Reading 
of  Final  Solu¬ 
tion  after 
Analysis  of 
Spirits 

Standard 
Solution  of 
Caramel 
Added  to 
Original 
Spirits,  Ml. 

Color  Read¬ 
ing  of  Final 
Solution 
Representing 
Caramel 
Recovered 

131,905 

Whisky 

100.0 

Negative 

Negative 

15.0  brown 
0.4  red 

Colorless 

1.5 

5.0  brown 
0 . 4  red 

131,353 

Brandy 

100.0 

Negative 

Negative 

10.0  brown 

0 . 2  red 

Colorless 

3.0 

9.75  brown 
0 . 8  red 

139,954 

Scotch 

86.8 

Positive 

Positive 

8 . 5  brown 
0.4  red 

3 . 0  brown 
0.2  red 

3.0 

13.0  brown 
0 . 8  red 

137,974 

Rum, 

domestic 

86.0 

Negative 

Negative 

7 . 0  brown 
0.4  red 

Colorless 

0.75 

2 . 6  brown 
0.2  red 

101,989 

Ruma, 

imported 

87.0 

Positive 

Positive 

45 . 0  brown 
4.0  red 

16.0  brown 
1.0  red 

.... 

142,029 

White  oak 
chips 

100.0 

Positive 

Negative 

6.0  brown 

0 . 2  red 

Colorless 

0.75 

2.5  brown 
0 . 2  red 

142,028 

Redwood 

chips 

100.0 

Trace 

Trace 

9 . 0  brown 

1 .4  red 

Colorless 

6.0 

20 . 0  brown 
0 . 8  red 

a  Labeled  “Imported  West  Indies  Rum,  carefully  distilled  and  aged  2.5  years  in  charred  white  oak  casks"- 
Rum  was  very  dark  in  color  and  contained  coal-tar  dye,  caramel,  and  oak  wood  color.  Coal-tar  dye  extracted  from 
rum  in  wool  dyeing  test  was  reddish-brown.  Final  solution  containing  caramel  after  analysis  of  rum  was  tested  for 
coal-tar  dye  and  result  was  negative,  showing  that  dye  in  rum  did  not  interfere  with  method  for  caramel. 

b  The  cyclohexanol  test  is  similar  to  Marsh  test,  but  has' the  advantage  that  color  from  uncharred  oak  goes  into 
the  upper  layer  whereas  with  the  Marsh  test  the  color  from  uncharred  oak  goes  into  the  lower  layer  the  same  as 
caramel  The  reagent  is  composed  of  50  ml.  of  cyclohexanol,  50  ml.  of  methyl  propyl  ketone,  3  ml.  of  sirupy  phos¬ 
phoric  acid  (85%),  and  3  ml.  of  distilled  water. 


recovery  of  the  caramel  was 
obtained.  The  Scotch  whisky 
contained  caramel  and  when 
1.5  ml.  of  a  standard  solution  of 
caramel  were  added  to  it,  the 
final  solution  after  analysis 
contained  all  the  added  caramel 
as  well  as  that  originally  in  the 
whisky. 

Since  most  wine  is  stored  in 
redwood  containers  and  dis¬ 
tilled  spirits  in  oak,  it  was  de¬ 
sired  to  know  what  effect  the 
extractive  matter  of  those  con¬ 
tainers  would  have  on  the 
analysis  of  liquor  stored  in 
them.  Oak  and  redwood  chips 
were  soaked  in  50%  alcohol  un¬ 
til  the  liquids  were  dark  be¬ 
cause  of  the  color  extracted. 
The  two  liquids  were  then 
analyzed  by  the  method,  in 
each  case  the  final  solution  was 
colorless,  showing  that  neither 
oak  color  nor  redwood  color  in¬ 
terferes  with  the  separation  of 


of  caramel  incorporated  in  the  wine  by  the  use  of  caramelized 
concentrate  as  a  blending  agent.  This  conclusion  was  verified 
by  combining  and  concentrating  several  of  the  solutions  contain¬ 
ing  the  color  and  applying  the  phenylhydrazine  test  (S)  to  them. 
In  every  instance  a  precipitate  was  obtained.  Table  IV  shows 
the  results  of  the  analysis  of  the  caramel-free  wine,  the  volume 
of  standard  caramel  solution  added  to  the  wine,  and  the  tintom¬ 
eter  reading  of  the  recovered  caramel.  The  smallest  addition  of 
standard  caramel  solution  was  0.75  ml.  and  the  largest  6.0  ml.  in 
enough  wine  to  make  a  volume  of  2o  ml.  for  analysis.  The  maxi- 
n mill  of  6  ml.  was  taken  because  that  dilution  makes  a  liquid  as 
dark  as  would  ordinarily  be  used  in  any  commercial  wine.  When 
a  definite  volume  of  a  standard  solution  of  caramel  wTas  added  to 
each  sample  of  wine,  the  color  reading  of  the  final  solution  con¬ 
taining  the  recovered  caramel  was  the  same  as  that  of  the  stand¬ 
ard  caramel  solution  made  up  to  25  ml.  after  treatment  as  shown 
in  the  last  column  of  Table  III.  When  corrected  for  the  aver¬ 
age  reduction  in  color  of  12.5%,  the  recovery  was  100%  except 
in  the  case  of  the  foaming  type  which  was  80%.  Foaming  cara¬ 
mel  is  different  from  other  varieties  in 

composition  and  properties  and  the  pres-  _ 

ent  work  indicates  that  it  may  contain 
less  actual  caramel  color  and  more  brown 
color  wilich  is  not  caramel,  thus  accounting 
for  the  lower  recovery  value. 

Some  of  the  samples  of  sherry,  such 
as  No.  140,339,  were  extremely  dark  for 
sherry,  but  analysis  disclosed  no  caramel, 
proving  that  deep  color  does  not  necessarily 
mean  caramelization  as  a  result  of  the  bak¬ 
ing  of  the  sherry. 

Several  samples  of  grape  concentrate 
and  one  of  raisin  concentrate  were  analyzed 
by  the  method.  Two  of  them  were  found 
to  contain  caramel  and  the  others  had  none 
(Table  V). 

Several  samples  of  distilled  spirits  were 
analyzed  by  the  method  and  in  every 
instance  in  which  no  caramel  wras  pres¬ 
ent,  the  final  solution  was  colorless.  When 
a  definite  volume  of  a  standard  solution 
of  caramel  wras  added  to  each  sample,  full 


caramel.  When  caramel  was  added,  full  recovery  was  obtained 
in  each  liquid. 

Two  samples  of  rum  were  analyzed,  one  of  which  was  found  to 
contain  coal-tar  dye,  in  addition  to  caramel.  To  investigate  the 
effect  of  dyes  on  the  method,  experiments  were  performed,  using 
six  kinds  of  coal-tar  dyes  and  two  of  vegetable  colors,  all  of  which 
made  brown  colored  liquids  in  dilute  solutions.  Each  of  the  eight 
colors  was  added  to  a  sample  of  wane  or  spirits  which  wras  then 
analyzed.  In  every  instance,  the  final  solution  was  colorless, 
showing  that  the  particular  coal-tar  and  vegetable  colors  used 
did  not  interfere  with  the  method  for  caramel.  The  results  of  the 
analysis  of  the  distilled  spirits  are  showm  in  Table  VI. 

Three  samples  of  apple  cider  vinegar  were  analyzed  by  the 
method  and  in  each  one,  the  final  solution  contained  a  trace  of 
color.  Since  the  sweet  cider  and  apple  wine  analyzed  contained 
no  caramel,  it  was  concluded  that  the  color  in  the  vinegar  was  due 
to  a  small  quantity  of  caramel  which  was  formed  in  the  cooking 
of  the  apple  products  before  they  were  used  in  the  vinegar  proc¬ 
ess.  This  conclusion  was  verified  by  combining  and  concentrat- 


Table  VII.  Analysis  of  Vinegar  and  Vanilla  Extract  before  and  after  Addition  of  Caramel 


Sample 

No. 

Material 

Color 
Reading  of 
Original 
Material  1 

Color  Reading  of 
Final  Solution 
after  Analysis  of 
Original  Material 

Standard  Solution 
of  Caramel  Added 
to  Original 
Material,  Ml. 

Color  Reading  of 
Final  Solution 
Representing 
Recovered  Caramel 

140,362 

Cider  vinegar 

10.0  brown 
0 . 6  red 

Trace 

1.5 

5 . 75  brown 

0 . 4  red 

141,945 

Cider  vinegar 

13.5  brown 
0.8  red 

Trace 

3.0 

10.5  brown 

0 . 6  red 

142,278 

Cider  vinegar 

14.0  brown 
0.8  red 

Trace 

0.75 

3 . 0  brown 

0.2  red 

142,191 

Pure  apple  juice 
(plus  1  ml.  of 
glacial  acetic 
acid) 

4 . 0  brown 
0.6  red 

Colorless 

1.5 

5 . 25  brown 

0.4  red 

131,658 

Bourbon  vanilla 
extract 

136.0  brown 
8.0  red 

Colorless 

1.5 

5.25  brown 

0 . 4  red 

141,949 

Tahiti  vanilla 
extract 

32 . 0  brown 
1 . 6  red 

Colorless 

0.75 

2.6  brown 

0.2  red 

141,948 

Mexican  vanilla 
extract 

40.0  brown 
1 . 6  red 

Colorless 

3.0 

10.0  brown 

0 . 6  red 

141,947 

Bourbon  vanilla 
extract 

48.0  brown 
3.2  red 

Colorless 

6.0 

21.0  brown 

1 . 2  red 

October,  1945 
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mg  several  of  the  solutions  containing  the  color  and  applying 
the  phenylhydrazine  test  (3)  to  them.  In  every  instance  a  pre¬ 
cipitate  was  obtained. 

Four  samples  of  genuine  vanilla  extract  were  analyzed  by  the 
method  and  in  every  instance  the  final  solution  was  colorless, 
proving  the  absence  of  caramel.  The  results  are  shown  in  Table 
VII. 


and  (3)  per  cent  of  caramelized  concentrate  in  a  volume  of  wine 
(Table  IV). 

The  method  can  be  applied  to  all  varieties  of  grape,  fruit,  and 
berry  wine,  distilled  spirits,  vinegar,  vanilla  extract,  grape  con¬ 
centrate,  and  commercial  caramel.  It  is  not  affected  by  sub¬ 
stances  usually  present  in  those  liquids,  such  as  fruit  and  vegetable 
colors,  wood  extractive  matter,  or  by  certain  coal-tar  dyes. 


SUMMARY 


LITERATURE  CITED 


Caramel  in  wine,  distilled  spirits,  vinegar,  and  vanilla  extract 
is  precipitated  by  organic  acids  and  solvents  in  a  form  easily 
freed  from  other  coloring  matter.  The  purified  precipitate  is 
caramel  and  its  identity  can  be  corroborated  by  the  usual  tests. 

The  quantity  is  determined  in  a  Lovibond  tintometer  by  color 
readings  which  are  very  accurate  up  to  20  units  and  when  the 
manipulation  loss  in  the  method  is  corrected,  the  results  of  analy¬ 
sis  are  also  very  accurate. 

The  use  of  analytical  results  in  making  calculations  is  shown 
by  the  examples  given  for  (1)  per  cent  of  caramel  color  in  the 
total  color,  (2)  per  cent  by  weight  or  volume  of  caramel  in  a  liquid, 
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Determination  of  Itaconic  Acid  in  Fermentation  Liquors 

MORRIS  FRIEDKIN 

Fermentation  Division,  Northern  Regional  Research  Laboratory,  Peoria,  III. 


A  method  presented  for  the  direct  determination  of  itaconic  acid  in 
fermentation  liquors  containing  other  acids  and  glucose  involves  the 
use  of  aqueous  bromine  buffered  at  pH  1.2  to  ensure  the  selective 
absorption  of  bromine  by  the  itaconic  acid. 


REAGENT 


Bromine 

Potassium  bromide 
Potassium  chloride 
1.0  N  HC1 
Add  water  to 


DLtRING  a  recent  study  of  itaconic  acid  production  by 
strains  of  the  mold  Aspergillus  terreus,  a  rapid  and  accurate 
method  was  developed  for  the  determination  of  itaconic  acid 
present  in  the  fermentation  liquors.  This  procedure  involves  a 
measurement  of  bromine  absorption  by  itaconic  acid  in  the  pres¬ 
ence  of  acid-buffered  bromine  water,  and  is  based  on  the  observa¬ 
tion  that,  at  pH  1.2,  aqueous  bromine  reacts  with  itaconic  acid 
equimolecularly  but  does  not  react  with  glucose,  the  principal 
interfering  substance  in  fermentation  media. 

Heretofore,  only  slight  consideration  has  been  given  to  the 
determination  of  itaconic  acid.  Linstead  and  Mann  (4),  in¬ 
vestigating  the  isomerization  of  unsaturated  acids,  used  a  bromo- 
metric  method  to  determine  itaconic  acid  in  the  presence  of 
mesaconic  acid.  Calam,  Oxford,  and  Raistrick  (I)  estimated  the 
quantity  of  itaconic  acid  in  fermentation  liquors  by  simple  alka¬ 
line  titration  and  also  by  bromine  absorption,  using  a  method 
developed  by  Koppeschaar  (3)  for  the  determination  of  phenol. 
In  the  examination  of  fermentation  liquors,  the  assumption  that 
total  acidity  values  represent  itaconic  acid  may  not  be  correct, 
because  the  presence  of  acids  other  than  itaconic  acid  has  been 
shown  by  Calam  et  al.  ( 1 ),  who  noted  that  several  strains  of  A. 
terreus  produce  succinic,  fumaric,  and  oxalic  acids.  As  used 
by  the  English  group,  Koppeschaar’s  method  gave  fairly  good  re¬ 
sults  because  their  fermentation  substrates  contained  low  concen¬ 
trations  of  glucose  (5%  or  less);  however,  this  method  will  not 
give  valid  results  in  the  presence  of  moderate  quantities  of  glu¬ 
cose,  owing  to  the  reaction  of  this  subst  ance  with  bromine. 

The  method  developed  by  the  author  is  a  refinement  of  Koppe¬ 
schaar’s  procedure  in  that  the  bromine  water  is  carefully  acid- 
buffered,  by  means  of  a  modification  of  Clark  and  Lulls’  standard 
buffer  mixtures  (3),  to  ensure  the  selective  absorption  of  bromine 
by  itaconic  acid  in  fermentation  liquors  containing  glucose  in 
concentrations  as  high  as  15%. 


1 . 0  ml. 

3 . 0  grams 
1 , 87  grams 
48. 5  ml. 

500  ml. 

Dissolve  the  bromine  and  potassium  bromide  in  a  small  amount 
of  water  before  adding  the  other  constituents.  The  resultant 
pH  is  1.2  ±  0.1;  no  adjustment  is  required.  Storage  of  the 
solution  in  a  brown  bottle  in  the  refrigerator  or  in  the  dark  slows 
the  deterioration  of  bromine  considerably. 

METHOD 

One  to  2  ml.  of  fermentation  liquor  are  pipetted  into  a  125-ml. 
iodine  flask  and  to  the  sample  are  added  50  ml.  of  acid-buffered 
(pH  1.2)  bromine  water.  The  iodine  flask  stopper  is  water- 
sealed  to  prevent  loss  of  bromine  vapor.  After  10  minutes’  stand¬ 
ing  at  room  temperature,  the  flask  is  placed  in  an  ice  bath. 
After  5  minutes,  5  ml.  of  strong  potassium  iodide  solution  (50 
grams  of  potassium  iodide  in  100  ml.  of  water)  are  poured  into 
the  well  surrounding  the  stopper.  The  stopper  is  then  lifted 
carefully,  so  that  the  vacuum  created  by  the  previous  cooling 
sucks  the  potassium  iodide  solution  into  the  flask. 

After  10  minutes  the  released  iodine  is  titrated  with  0.1  N 
sodium  thiosulfate,  using  starch  indicator.  The  titer,  T,  of  50 
ml.  of  bromine  water  (treated  the  same  way  as  the  sample)  minus 
the  titer,  B,  of  unreacted  bromine  is  equivalent  to  milliliters  of 
0.1  N  itaconic  acid;  ( T  —  B)  0.1  =  milliequivalents  of  itaconic 
acid  present  or  ( T  —  B)  0.0065  =  grams  of  itaconic  acid  in 
sample  taken  for  analysis. 

EXPERIMENTAL  RESULTS 

The  reactivity  of  aqueous  bromine  with  glucose  and  with  ita¬ 
conic  acid  is  decreased  upon  lowering  the  pH.  As  shown  in  Table 
I,  at  pH  1.25  the  bromine-glucose  reaction  cannot  be  detected 
during  the  first  15  minutes  and  is  still  negligible  at  20  minutes. 
At  pH  3.0  the  reaction  is  faster  and  at  pH  4.9  it  is  considerably 
accelerated. 

At  pH  1.25  the  bromine-itaconic  acid  reaction  is  complete 
within  15  minutes.  Results  in  Table  II  indicate  the  quantitative 
nature  of  this  reaction. 

A  standard  solution  of  1  A  itaconic  acid  was  prepared  con¬ 
taining  5%  glucose.  As  shown  in  Table  III,  four  determinations 
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Table  I.  Effect  of  pH  and  Time  on  Bromine-Glucose  Reaction 

(Sample  2  ml.  of  5%  glucose  solution) 


Bromine  Absorption,  Grams  of  Itaconic  Acid  per  100  Ml. 


pH 

5  min.  at  room  tem¬ 
perature  and  5  min. 
at  0°  C. 

10  min.  at  room  tem¬ 
perature  and  5  min.  at 
0°  C. 

15  min.  at  room  tem¬ 
perature  and  5  min.  at 
0°  C. 

1.25 

0.00 

0.00 

0.13 

3.00 

0.00 

0.07 

0.26 

4.90 

2.80 

3.31 

3.96 

value.  The  remaining  10%  of  the  itaconic  acid  in  the  mother 
liquor  was  recovered  as  the  monohydrated  calcium  salt. 

The  discrepancy  between  total  acidity  and  itaconic  acid  con¬ 
tent  (Table  IV)  as  determined  by  the  bromination  method  sug¬ 
gests  the  presence  of  appreciable  quantities  of  acids  other  than 
itaconic  in  some  of  the  culture  liquors.  Studies  directed  toward 
the  isolation  and  identification  of  these  acidic  substances  have 
been  successfully  prosecuted  and  will  be  reported  in  forthcoming 
communications  from  this  laboratory. 


according  to  the  described  method  resulted  in  an  average  devia¬ 
tion  of  1.5%. 

The  following  substances  in  the  concentrations  indicated  were 
found  not  to  interfere,  within  the  experimental  accuracy  of  the 
method.  They  include  most  of  the  acids  commonly  found  in 
mold  fermentation  liquors.  Two-milliliter  samples  were  ana¬ 
lyzed  in  each  case  except  that  of  glucose,  in  which  case  only  1  ml. 
was  analyzed: 


15%  glucose 
Saturated  fumaric  acid 
1  N  succinic  acid 
1  N  lactic  acid 
1  N  citric  acid 


1  N  malic  acid 
1  IV  tartaric  acid 
1  N  oxalic  acid 
1  N  acetic  acid 
1  N  aconitic  acid 


DISCUSSION 

The  main  advantage  of  the  bromine  absorption  method  is  that 
itaconic  acid  can  be  determined  directly  in  fermentation  liquor 
containing  glucose  and  many  acids  known  to  be  mold  metabolites. 
Aconitic  acid,  an  unsaturated  acid  which  has  been  suggested 
as  a  possible  precursor  of  itaconic  acid,  does  not  interfere. 


Table  III.  Determination  of  Itaconic  Acid  in  Presence  of  Glucose 

(Sample:  1  ml.  of  1  IV  itaconic  acid  containing  5%  glucose,  equivalent  to 
6.50  grams  of  acid  per  100  ml.  Reaction  time:  15  minutes,  10  min.  at 
room  temperature:  5  minutes  at  0°  C.,  pH  1.2) 

Bromine  Absorption,  Grams 
Detn.  of  Itaconic  Acid  per  100  Ml. 


1  N  d-gluconolactone 

In  Table  IV  are  tabulated  the  results  of  analyses  of  several 
typical  samples  of  fermentation  liquor  in  which  the  total  acid  was 
determined  by  alkali  titration  and  the  itaconic  acid  by  the  de¬ 
scribed  bromination  procedure.  The  applicability  of  the  bromi¬ 
nation  method  to  the  analysis  of  liquors  of  widely  varying  com¬ 
position  is  evidenced  by  sample  analyses  (Expt.  799-33)  after 
2  and  14  days’  mold  growth.  Samples  taken  after  2  days’  growth 
showed  11.1%  residual  glucose  and  very  little  total  acid.  Alkali 
titration,  expressed  as  itaconic  acid,  was  0.091  gram  per  100  ml., 
but  no  itaconic  acid  was  indicated  by  bromine 
absorption.  After  14  days’  mold  growth,  the  ______ 

glucose  concentration  had  fallen  to  1.87%  and 
the  total  acid  had  increased  to  3.20  grams  per  100 
ml.  (expressed  as  itaconic  acid).  The  bromine 
value  after  14  days  indicated  2.97  grams  of  ita¬ 
conic  acid  per  100  ml.,  representing  purity  index  of 


A 

B 

C 

D 


6.63 

6.37 

6.50 

6.37 


Another  advantage  is  that  bromine  absorption  values,  when 
compared  to  total  acidity  values,  indicate  relative  purities  of 
experimental  fermentations  with  respect  to  itaconic  acid  produc¬ 
tion.  As  has  been  shown,  a  low  purity  index  indicates  the 
presence  of  acids  which  do  not  react  with  bromine  under  the 
conditions  of  the  method. 


Table  IV.  Analyses  of  Fermentation  Liquors 


93.5.  (Purity  index  = 


acid  by  bromine  absorption 


acid  by  alkali  titration 

100.  This  index  is  used  as  a  measure  of  purity 
on  the  assumption  that  the  unknown  acids  have 
approximately  the  same  equivalent  weight  as 
itaconic  acid.) 

Sample  800-MC  gave  a  bromine  value  of  3.06 
grams  of  itaconic  acid  per  100  ml.  as  compared  to  a 
total  acid  value  of  3.61  grams  of  acid  per  100  ml. 

(purity  index,  84.8).  As  a  check  on  the  titration 
method,  2.757  grams  of  crystalline  itaconic  acid 
were  isolated  from  100  ml.  of  sample  800-MC  by  concentration. 
This  corresponds  to  a  90.1%  recovery  based  on  the  bromine 


Table  II.  Effect  of  Time  on  Bromine-ltaconic  Acid  Reaction  at 

pH  1.25 

(Sample:  1  ml.  of  1  JV  itaconic  acid,  equivalent  to  6.50  grams  of  acid  per  100 

ml.) 


Blank 

Itaconic 

Total 

Minus 

Acid  by 

Acid  by  Alkali 

Purity 

Residual 

Expt.  No. 

Blank 

Titer 

Titer 

Bromination 

Titration 

Index 

Glucose 

Ml.  of  0.1  N 

Ml.  of  0.1  N 

sodium  thiosul¬ 

acid/2-ml. 

G.  of  acid/ 

G.  of  itaconic 

fate 

sample 

100  ml. 

acid/ 100  ml. 

G./100  ml. 

799-33 

2  days® 

35.2 

35.2 

0 

0 

0.091 

11.1 

4  days 

35.1 

33.0 

2.1 

0.68 

0.78 

87.2 

7.34 

6  days 

34.6 

29.4 

5.2 

1.69 

1.82 

92.8 

5.05 

8  days 

34. 1 

26.6 

7.5 

2.44 

2.79 

87.4 

3.00 

10  days 

35.5 

27.3 

8.2 

2.67 

2.90 

92.1 

2.84 

12  days 

35.0 

26.2 

8.8 

2.86 

3.22 

88.8 

2.27 

14  days 

34.8 

25.6 

9.2 

2.99 

3.20 

93.4 

1.87 

800-MC 

34.8 

25.4 

9.4 

3.06 

3.61 

84.8 

0.35 

389-19A 

15.8 

4.45 

11.35 

3.69 

5.26 

70.1 

2.25 

Separate  flasks. 


Earlier  survey  analyses  with  aqueous  bromine  buffered  at  pH 
3.0  resulted  in  apparent  purities  exceeding  100%.  These  high 
values  were  usually  associated  with  fermentations  that  showed 
much  pigmentation  and  low  acid  production.  Though  no  pu¬ 
rity  index  above  100  was  encountered  when  the  analysis  was  con¬ 
ducted  at  pH  1.2,  unsaturated  pigments  should  be  considered  as 
possible  interfering  substances  in  evaluating  the  results  of  the 
bromine  absorption  method. 


Reaction  time  at  room 

temperature,  minutes  5  10  15  25  2  hours  19  hours 

Reaction  time  at  0°  C., 

minutes  5  5  5  5  5  5 

Bromine  absorption, 
grams  of  itaconic  acid 

per  100  ml.  6.21  6.50  6.57  6.54  6.60  6.65 
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Assessment  of  Hydrolyzate  Solutions  for  Nutrition 

ARTHUR  J.  MUELLER 

Department  of  Nutritional  Research,  Mead  Johnson  and  Company,  Evansville,  Ind. 


THE  need  of  an  animal  for  a  particular  food  substance  is  fre¬ 
quently  indicated  by  its  willingness  to  eat  the  material.  Some¬ 
times  the  amount  of  food  eaten  voluntarily  may  be  used  in  the 
measurement  of  its  efficacy,  even  though  appetite  per  se  is  un¬ 
reliable  as  an  exact  index  of  need  (2) — for  example,  the  ability  of 
rats  to  determine  the  presence  of  tryptophane  in  the  diet,  as  in¬ 
dicated  by  an  increase  or  decrease  in  food  consumption,  has  often 
been  noted  (J). 

In  making  solutions  of  protein  hydrolyzates,  it  became  neces¬ 
sary  to  know  whether  processing  had  deleteriously  affected  their 
nutritive  value.  It  was  believed  that  if  the  solution  were  evapo¬ 
rated  on  a  nitrogen-free  diet,  certain  constituents  might  be  harm¬ 
fully  affected  from  a  nutritional  standpoint.  The  simplest  alter¬ 
native  was  to  offer  the  solution  to  rats  as  their  sole  source  of  nitro¬ 
gen  and  determine  whether  sufficient  solution  would  be  ingested 
for  rapid  growth.  The  hydrolyzates  incorporated  into  the  basal 
diet  at  levels  of  1.2,  1.7,  and  2.4%  nitrogen  are  originally  made  in 
powder  form.  Therefore  they  can  be  mixed  directly  with  the 
basal  diet.  The  only  hydrolyzate  evaporated  on  the  basal  diet 
was  one  of  the  two  purchased  on  the  open  market  (Table  I). 

Accordingly,  young  rats  were  supplied  a  basal  dry  diet  con¬ 
taining  all  growth  essentials  save  protein;  and  water  and  the 
hydrolyzate  solution  were  offered  in  separate  drinking  tubes. 
Among  ten  rats  there  would  usually  be  one  or  two  which  would 
not  drink  the  solutions,  and  did  not  grow,  even  though  others  in 
the  group  showed  good  gains.  This  unwillingness  of  an  occa¬ 
sional  rat  to  drink  the  solution  makes  the  average  growth  figures 
subject  to  considerable  variation. 

The  more  dependable  assessment  of  growth  can  be  made  by 


incorporating  the  dry  hydrolyzate  in  the  diet.  By  comparing  this 
growth  with  the  average  growth  when  a  solution  of  the  same  mate¬ 
rial  was  drunk,  an  estimate  of  the  usefulness  of  this  procedure 
can  be  made.  Dry  preparations  are  pot  always  available  for 
assay,  and  perhaps  some  information  concerning  the  nutritive 
value  of  a  solution  may  be  obtained  by  the  procedure. 

EXPERIMENTAL 

Groups  of  ten  rats,  21  to  23  days  of  age  and  weighing  about 
50  grams,  equally  distributed  as  to  sex  and  litter,  were  placed  in 
individual  wire-screen  cages,  and  given  a  diet  of  the  following 
composition:  dextrin,  82;  lard,  9;  salt  mixture  (2),  4;  cod  liver 
oil,  2;  wheat  germ  oil,  1;  brewer’s  yeast,  2;  thiamine,  0.0006; 
riboflavin,  0.0002%.  Water  and  the  hydrolyzate  solution  were 
offered  by  means  of  two  drinking  tubes  attached  to  the  side  of  the 
cage.  The  volumes  consumed  daily  were  noted. 

The  tubes  which  contained  the  10%  hydrolyzate  solution  were 
cleaned  and  refilled  every  other  day.  To  minimize  bacterial 
growth,  0.5%  of  sodium  benzoate  was  added.  This  preservative 
is  more  effective  than  5%  ethyl  alcohol  and  has  no  deleterious 
effect  on  the  animal,  nor  does  it  affect  the  taste  of  the  solution. 
The  rats  were  weighed  weekly  for  four  weeks. 

In  order  to  compare  the  average  growth  with  the  results  ob¬ 
tained  by  the  usual  technique,  the  same  lots  of  protein  hydroly¬ 
zate  were  incorporated  in  the  basal  diet  and  fed  to  groups  of  ten 
rats  each.  Three  levels  of  intake  were  employed,  equivalent 
approximately  to  10,  14,  and  20%  of  the  dried  hydrolyzate  but 
calculated  to  supply  1.2,  1.7,  or  2.4%  of  nitrogen,  respectively. 
The  average  gain  in  weight  for  a  period  of  four  weeks  was  deter¬ 
mined. 

The  data  are  presented  in  two  tables,  similarly  arranged, 
and  comparison  is  made  between  the  average  growth  of  the 
animals  receiving  the  solution  and  those 
fed  the  hydrolyzate  in  the  diet.  Growth 
on  the  solution  was  not  so  consistent 
as  growth  on  the  material  incorpo¬ 
rated  in  the  diet  at  a  fixed  percentage, 
but  if  only  a  qualitative  comparison  is 
made,  it  is  obvious  that  when  the  hy¬ 
drolyzate  in  the  diet  promoted  growth, 
the  same  hydrolyzate  in  solution  was  also 
effective. 

In  Table  I,  the  assays  under  prepara¬ 
tion  403  show  that  considerable  variation 
was  observed  when  the  solution  was 
offered  to  different  groups  of  rats.  Of  the 
six  assays,  four  were  reasonably  consistent 
with  each  other  and  two  gave  results  con¬ 
siderably  higher  and  lower  than  these  four. 
When  the  dry  preparation  38  was  in¬ 
corporated  in  the  diet  and  fed  to  six  groups 
of  rats,  five  of  the  assay  groups  were 
consistent  and  only  one  gave  a  slightly 
different  value. 

This  was  true  also  with  the  five  trials 
of  preparation  402  incorporated  in  the 
diet.  The  other  values  in  the  table  like¬ 
wise  indicate  that  the  solution  assay  is 
a  much  less  exact  procedure  than  the 
usual  one  of  incorporating  a  fixed  amount 
of  the  material  in  the  diet. 

Table  II  presents  data  on  single  assays  of 
various  hydrolyzates  given  by  drinking 
tube,  and  assays  of  the  same  material  incor- 


Table  I.  Average  Gain  per  Rat  per  Day  for  Groups  of  Not  Less  Than  10  Rats  Supplied 
Protein  Hydrolyzates"  in  Solution  or  in  Diet 

10%  Nitrogen  Level  in  Diet _ _ Average  Gain _ 

Preparation  Solution  1.2%  1.7%  2.4%  10%  soln.  1.2%  N  1.7%  N  2.4%  N 

Grama  gain  per  day  Grams  per  gram  of  nitrogen  ingested 
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Preparation  A 

-0 

.26 

-0. 

14 

Preparation  B 

0 

.33 

1, 

.  59 

7.45 

12.9 

Acid-hydrolyzed  casein 

-0 

.60 

-0 

.31 

-0 

.50 

°  Code  numbers  in  both  Tables  I  and  II  indicate  experimental  lots  of  Amigen  (a  pancreatic  hy¬ 
drolyzate  of  casein)  made  during  the  development  of  the  product.  Because  of  differences  in  prepara¬ 
tion,  some  lots  promoted  better  growth  than  others.  Preparations  A  and  B  were  purchased  solutions 
of  casein  hydrolyzates  which  were  fed  by  tube  and  also  evaporated  on  the  basal  diet.  The  acid-hy¬ 
drolyzed  casein  was  made  by  boiling  with  sulfuric  acid  in  the  usual  way. 


639 


640 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  17,  No.  10 


Table  II.  Average  Gain  per  Rat  per  Day  for  Groups  of  10  Rats 
Supplied  Protein  Hydrolyzates  in  Solution  and  in  Diet 


Nitrogen  Level 
in  Diet 


Average  Gain 


Preparation 

Solution  1.2%  1.7% 

Grams  gain  per  day 

10%  soln.  1.2%  N  1.7%. 
Grants  per  gram  of  nitrogen 
ingested 

10,001 

2.40 

1.92 

2.68 

16.5 

17.3 

17.6 

10,002 

1.32 

1.56 

2.46 

11.2 

16.4 

16.3 

10,003 

1.93 

2.08 

3.49 

14.8 

17.8 

18.8 

10,004 

1.36 

1.93 

3.24 

12.9 

16.5 

17.9 

10,005 

2.54 

1.90 

2.68 

14.4 

17.4 

17.3 

10.006 

1.23 

1.64 

2.83 

14.7 

17.5 

17.5 

10,007 

0.86 

1.80 

2.86 

10.5 

15.1 

17.3 

10,008 

1.08 

1.66 

3.04 

12.6 

17.0 

19.1 

10,009 

1.05 

1.65 

2.49 

10.7 

17.7 

17.3 

10,010 

1.34 

1.95 

2.80 

11.2 

19.1 

17.3 

10,011 

0.90 

1.66 

2.75 

12.8 

16.1 

15.9 

10,013 

2.12 

1.55 

2.46 

17.5 

15.1 

15.9 

porated  in  the  diet  at  two  intake  levels.  In  no  case  did  the  aver¬ 
age  growth  of  the  rats  receiving  the  10%  solution  equal  the  growth 
when  14%  of  the  hydrolyzate  (1.7%  nitrogen)  was  incorporated 
in  the  diet.  Only  in  three  instances  was  there  close  approxima¬ 
tion  in  growth  (10,001,  10,005,  and  10,013)  and  this  can  only  be 
taken  to  indicate  that  all  the  rats  in  these  particular  groups  drank 


the  offered  solution  in  good  amount.  In  general  the  average 
gain  in  the  solution  group  approximated  that  of  10%  (1.2%  ni¬ 
trogen)  of  the  hydrolyzate,  since  the  average  growth  of  all  the 
solution  groups  was  1.51  grams  and  of  the  groups  fed  1.2%  nitro¬ 
gen  was  1.78  grams.  However,  the  individual  groups  fed  1.2% 
nitrogen  varied  from  —75%  to  +209%  of  the  gain  on  the  corre¬ 
sponding  solutions,  so  that  the  variability  in  the  results  precludes 
a  single  assay  of  a  solution  from  being  conclusive. 

CONCLUSION 

When  solutions  of  hydrolyzates  are  offered  to  rats  as  the  sole 
source  of  dietary  nitrogen,  a  rough  approximation  of  their  value 
for  growth  can  be  obtained.  The  accuracy  of  the  procedure  can¬ 
not  be  compared  with  that  of  the  classic  methods  for  the  assess¬ 
ment  of  biological  value  of  proteins.  The  procedure  may  be  help¬ 
ful  when  dry  preparations  are  not  available  for  standard  biologi¬ 
cal  assay. 
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Electrogravimetric  Determination  of  Copper  in 
Copper-Base  and  Tin-Base  Alloys 

By  Controlled  Potential  Electrolysis 

JAMES  J.  LINGANE,  Mallinckrodt  Chemical  Laboratory,  Harvard  University,  Cambridge,  Mass. 


IN  A  previous  paper  (.))  a  relatively  simple  apparatus  was 
described  which  automatically  controls  the  potential  of  an 
electrode  at  any  desired  constant  value  during  the  entire  course 
of  an  electrolysis,  and  thus  renders  the  application  of  “graded 
potential”  procedures  ( 5 )  as  convenient  as  the  much  less  selective 
“constant  current”  methods.  The  present  paper  demonstrates 
the  utility  of  this  apparatus  for  the  direct  determination  of  copper 
in  the  presence  of  tin,  antimony,  lead,  and  various  other  metals, 
and  presents  a  procedure  for  determining  copper  in  tin-base  and 
copper-base  alloys  that  requires  no  preliminary  separations. 

In  the  procedure  described  herein  the  copper  is  deposited  from  a 
slightly  acid  tartrate  solution,  which,  for  the  separation  of  copper 
from  tin,  possesses  a  number  of  advantages  over  the  hydrochloric 
acid  solution  used  in  the  well-known  Schoch-Brown  method 
( 1 ,  6,  7);  although  Schoch  and  Brown  used  tartrate  to  separate 
copper  from  antimony,  it  has  not  previously  been  used  to  separate 
copper  from  tin.  From  an  acidic  tartrate  solution  cupric  copper 
is  reduced  directly  to  the  metal,  whereas  reduction  from  a  hydro¬ 
chloric  acid  solution  is  complicated  by  stepwise  reduction  through 
the  cuprous  state.  Stannic  tin  forms  a  much  more  stable  complex 
ion  with  tartrate  ion  than  with  chloride  ion ;  indeed,  the  stannic 
tartrate  complex  is  so  stable  that  no  reduction  wave  is  observed 
with  the  dropping  mercury  electrode  with  stannic  tin  in  acidic, 
neutral,  or  basic  tartrate  solutions  ( 2 ).  A  few  centigrams  of 
copper  can  be  determined  accurately  in  the  presence  of  as  much 
as  2  grams  of  tin  by  the  procedure  described  below.  Furthermore, 
both  antimonous  and  antimonic  antimony  form  sufficiently  stable 
complex  ions  with  tartrate  ion  to  permit  the  determination  of 
copper  in  the  presence  of  antimony  without  difficulty,  whereas 
antimony  codeposits  more  or  less  completely  with  copper  from  a 
hydrochloric  acid  solution.  With  the  exception  of  bismuth,  the 
other  metals  commonly  present  in  tin-base  and  copper-base  alloys 


also  form  more  or  less  stable  tartrate  complexes,  which  fact  effec¬ 
tively  prevents  their  interfering  with  the  determination  of  copper. 

APPARATUS 

A  cylindrical  platinum  gauze  cathode  5  cm.  high  and  5  cm.  in 
diameter  was  used.  A  platinum  gauze  cylinder  5  cm.  high  and 
2.5  cm.  in  diameter  was  employed  as  anode,  and  it  was  mounted 
inside  and  coaxially  with  the  cathode.  Efficient  stirring  was 
provided  by  a  motor-driven  glass  stirrer  whose  shaft  passed  down 
through  the  center  of  the  anode  cylinder.  The  blades  of  the 
stirrer  were  in  the  form  of  a  large  U,  whose  arms  projected  well  up 
into  the  annular  space  between  the  electrodes.  A  saturated 
calomel  electrode  was  used  to  control  the  cathode  potential. 
A  6-mm.  tube  filled  with  a  3%  agar  gel  in  saturated  potassium 
chloride  served  as  a  salt  bridge,  and  its  tip  was  placed  outside 
and  as  close  as  possible  to  the  cathode  cylinder  at  about  its  middle. 
An  ordinary  250-cc.  beaker  served  as  the  electrolysis  cell.  A  thick 
(1.25-cm.)  piece  of  Bakelite  plate,  with  clamps  for  the  electrode 
leads  and  holes  for  the  stirrer  shaft  and  salt  bridge,  was  used  as  a 
cover. 

The  electrical  circuit,  by  means  of  which  the  potential  of  the 
cathode  was  controlled  automatically  to  within  ±0.02  volt  at 
any  desired  value,  has  been  described  in  detail  (4).  This  ap¬ 
paratus  functioned  very  satisfactorily  without  attention  during 
the  entire  course  of  an  electrolysis. 

PROCEDURE 

A  0.5-  to  2-gram  sample  of  the  alloy  was  weighed  into  a  covered 
250-cc.  beaker  and  dissolved  in  a  warm  mixture  of  8  cc.  of  12  N 
hydrochloric  acid  and  2  cc.  of  16  N  nitric  acid.  The  nitric  acid 
was  added  in  several  small  portions  as  needed.  The  solution  was 
boiled  very  gently  for  a  minute  or  two  to  remove  most  of  the 
oxides  of  nitrogen  and  chlorine.  Then  100  cc.  of  a  solution  con¬ 
taining  23  grams  (0.10  mole)  of  reagent  quality  sodium  tartrate 
dihydrate,  1  gram  of  urea  to  remove  oxides  of  nitrogen,  and  10  cc. 
of  5  N  sodium  hydroxide,  were  added.  The  solution  was  diluted 
to  about  200  cc.,  treated  with  1  to  2  grams  of  hydroxylamine 
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hydrochloride  as  an  anodic  depolarizer,  and  electrolyzed  with  a 
cathode  potential  of  —0.36  volt  vs.  the  saturated  calomel 
electrode. 

The  solution  of  the  alloy  cannot  be  diluted  with  water  and 
treated  with  solid  sodium  tartrate,  because  when  much  tin  is 
present  the  hydrous  stannic  oxide  which  precipitates  on  dilution 
with  water  dissolves  only  very  slowly  after  the  tartrate  is  added. 
When  the  solution  is  composited  as  above  the  tin  remains  com¬ 
pletely  in  solution  as  a  tartrate  complex. 

Lead  hydrogen  tartrate  is  only  moderately  soluble  in  a  tartrate 
solution  of  the  above  composition,  and  hence  when  much  of  this 
element  is  present  it  may  precipitate  as  coarse  white  crystals 
after  the  addition  of  the  tartrate  solution.  In  such  a  case  the  solu¬ 
tion  should  be  filtered  before  finally  diluting  to  200  cc.  Under  the 
conditions  given  above  as  much  as  about  50  mg.  of  lead  may  be 
present  without  precipitation. 

The  amounts  of  acid,  sodium  hydroxide,  sodium  tartrate,  and 
hydroxylamine  hydrochloride  specified  above  yield  a  solution  that 
contains  tartrate  and  hydrogen  tartrate  ions  in  about  equimolar 
amounts,  and  has  a  pH  value  in  the  neighborhood  of  4  to  4.5.  This 
composition  was  chosen  because  experience  has  shown  that  it  is 
optimum  for  the  separation  of  copper  from  various  metals  with  a 
mercury  cathode  (3). 

In  an  acidic  tartrate  solution  of  the  above  composition  the 
polarographic  half-wave  potential  of  copper  is  —0.09  volt,  that 
of  bismuth  is  —0.29  volt,  and  that  of  lead  is  —0.48  volt  vs.  the 
saturated  calomel  electrode  (2,  3).  Tin,  antimony,  and  the  other 
metals  commonly  present  in  tin-base  and  copper-base  alloys  all 
have  more  negative  reduction  potentials.  In  agreement  with 
expectations  based  on  these  polarographic  half-wave  potentials 
it  was  found  that  the  optimum  cathode  potential  for  the  determi¬ 
nation  of  copper  in  the  presence  of  lead,  tin,  antimony,  and  the 
other  metals  commonly  present  in  tin-base  and  copper-base 
alloys  is  in  the  range  from  —0.30  to  —0.40  volt  vs.  the  saturated 
calomel  electrode.  Lead  deposits  when  the  potential  is  more 
negative  than  about  —0.40  volt,  and  if  the  potential  is  much  less 
negative  than  about  —0.30  volt  the  rate  of  deposition  of  copper  is 
slow.  Most  of  the  determinations  were  run  with  the  cathode 
potential  at  —0.36  ±  0.02  volt  vs.  the  saturated  calomel  electrode. 
An  electrolysis  time  of  60  minutes  was  adequate  in  most  cases 
(see  Figure  1). 

The  electrolysis  was  stopped  by  lowering  the  beaker  away  from 
the  electrodes  without  disconnecting  the  circuit.  The  cathode 
was  then  washed  quickly  with  water,  dipped  into  two  baths  of 
pure  acetone,  dried  for  3  minutes  in  an  oveD  at  70°  C.,  and 


MINUTES 

Figure  t.  Typical  Current-Time  Curve 


Table  I.  Determination  of  Copper  in  Bureau  of  Standards 
Copper-Base  and  Tin-Base  Alloys 


Alloy 

Ounce  metal  124a 
Cu  85.05,  Pb,  4.86, 
Sn  4.81,  Zn  5.25% 


Copper  Found,  % 

85.02 

84.94 

84.99 

84.99 

85.06 

Av.  85.00  ±0.03 


Phosphor  bronze  63a  78.47 

Cu  78.48,  Sn  9.76,  Pb  8.92,  (78.32)“ 

Sb  0.49,  Zn  0.61,  P  0.58,  78.54 

Fe  0.52,  Ni  0.32,  S  0.11  ’  78.47 

78.46 


Av.  78.49  ±0.03 


Tin-base  bearing  metal  54b 
Cu  3.19,  Sn  87.45,  Sb  7.39, 
Pb  1.81,  Bi  0.027,  Ag  0.030, 
As  0.051,  Fe  0.029 


3.m 

3.18 

3.18 

Av.  3.18 


“  Omitted  from  average. 
b  Corrected  for  bismuth  and  silver. 


weighed  after  cooling  in  the  air  for  at  least  20  minutes.  The 
copper  deposits  invariably  displayed  excellent  characteristics, 
being  almost  mirror-bright  and  of  a  salmon  pink  color. 

RESULTS  AND  DISCUSSION 

All  the  results  obtained  with  three  Bureau  of  Standards  alloys 
are  shown  in  Table  I.  One-gram  samples  of  the  ounce  metal, 
0.5-gram  samples  of  the  phosphor  bronze,  and  2-gram  samples  of 
the  tin-base  bearing  metal  were  used,  and  perfectly  clear  solutions 
were  obtained  without  filtration. 

One  of  the  advantages  of  electrogravimetric  determinations  at 
controlled  potential  is  that  the  current  serves  as  a  reliable  criterion 
of  the  progress  of  electrolysis  (3,  5).  This  is  demonstrated  by  the 
typical  current-time  curve  in  Figure  1,  obtained  during  the  elec¬ 
trolysis  of  one  of  the  ounce  metal  samples  at  a  constant  cathode 
potential  of  —0.36  volt.  Following  a  rapid  decrease  from  an 
initial  value  of  2.9  amperes,  the  current  remained  roughly  con¬ 
stant  during  the  middle  stage  of  the  electrolysis,  and  then  de¬ 
creased  again  and  approached  zero  asymptotically.  After  45. 
minutes  the  current  had  decreased  to  0.025  ampere,  and  it 
finally  fell  to  0.008  ampere  after  60  minutes,  at  which  time  the 
electrolysis  was  discontinued.  In  all  the  determinations  listed  in 
Table  I  the  current  decreased  to  less  than  0.02  ampere  after  60- 
minutes. 

It  is  evident  that  the  present  simple  procedure  yields  results, 
that  are  as  precise  and  accurate  as  those  obtained  by  the  much 
longer  methods  on  which  the  bureau’s  values  are  based.  The  re¬ 
sults  obtained  with  the  tin-base  bearing  metal  are  particularly 
significant,  since  this  sample  constitutes  about  as  unfavorable  a 
case  as  is  likely  to  be  encountered.  The  small  amounts  of  silver 
and  bismuth  present  in  the  tin-base  alloy  codeposited  with  the 
copper  and  the  appropriate  correction  has  been  applied. 

Relatively  large  amounts  of  tin,  antimony,  lead,  and  zinc,  and 
small  amounts  of  iron,  nickel,  arsenic,  and  phosphorus  do  not 
interfere.  There  is  no  evident  reason  why  the  method  will  not  be 
equally  successful  in  the  presence  of  much  larger  amounts  of 
antimony,  iron,  and  nickel  than  were  present  in  these  samples. 
Obviously,  the  method  will  be  equally  satisfactory  for  simple- 
brasses  and  bronzes,  which  present  no  problems  not  anticipated 
by  the  alloys  studied,  and  it  should  also  be  applicable  in  the 
presence  of  such  elements  as  manganese,  aluminum,  chromium, 
cobalt,  vanadium,  uranium,  cadmium,  and  others  whose  reduc¬ 
tion  potentials  are  more  negative  than  that  of  copper.  Bismuth, 
gold,  mercury,  and  the  metals  of  the  platinum  group  will  inter¬ 
fere.  More  than  traces  of  silver  will  precipitate  as  silver  chloride- 
during  the  solution  of  the  sample,  and  can  be  removed  by  filtra¬ 
tion  before  electrolysis. 

Since  it  was  shown  in  a  previous  study  (3)  that  with  a  mercury 
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cathode  at  controlled  potential  copper  .can  be  separated  from  bis¬ 
muth  in  an  acidic  tartrate  solution,  numerous  attempts  were  made 
to  effect  this  separation  with  the  platinum  cathode.  Even  though 
the  cathode  potential  was  kept  as  low  as  —0.12  volt,  which  is 
lower  than  is  necessary  with  the  mercury  cathode,  and  the  pH  of 
the  tartrate  solution  wras  varied  from  about  3  to  6,  it  was  not 
possible  to  achieve  a  separation  with  the  platinum  cathode.  It 
was  observed  from  the  color  of  the  deposit  in  these  experiments 
that  copper  alone  deposited  during  the  initial  stages  of  the  elec¬ 
trolysis,  but  when  the  deposition  of  copper  was  almost  complete 
deposition  of  bismuth  suddenly  commenced  and  proceeded  to 
completion. 

Many  attempts  were  made  to  determine  lead  in  the  solutions 
remaining  from  the  copper  determinations.  The  copper-plated 
cathode  was  replaced  in  the  solution  and  the  lead  was  deposited 
as  the  metal  with  the  potential  of  the  cathode  at  various  values  be¬ 
tween  —  0.56  and  —0.80  volt  vs.  the  saturated  calomel  electrode. 
Although  particular  care  wras  taken  to  wash  the  deposited  lead 
very  quickly  with  distilled  water  and  acetone,  the  results  were  un¬ 
satisfactorily  low  in  every  case.  The  average  percentage  of  lead 
found  in  the  tin-base  alloy  was  1.77  =*=  0.05  compared  with  the 
certificate  value  1.81,  in  the  phosphor  bronze  alloy  8.64  =*=  0.09 
compared  with  the  certificate  value  8.92,  and  in  the  ounce  metal 
4.71  =*=  0.08  compared  with  the  certificate  value  4.86.  These 
results  correspond  to  a  loss  of  between  0.8  and  1.5  mg.  of  lead  in 
the  various  determinations.  The  low  results  were  not  due  to  in¬ 
complete  deposition  of  the  lead,  because  polarographic  analyses 
of  the  residual  solutions  showed  only  a  trace  of  lead  that  cor¬ 
responded  to  only  a  small  fraction  of  the  negative  error.  By 


weighing  the  anode  it  was  established  that  no  lead  dioxide  de¬ 
posited.  Thus  it  is  fairly  certain  that  the  low  results  were  due  to 
loss  of  lead  by  partial  re-solution  of  the  deposit  during  the  wash¬ 
ing,  and  since  such  loss  cannot  easily  be  avoided  this  method  of 
determining  lead  cannot  be  recommended  for  anything  but 
approximate  analyses. 

SUMMARY 

A  rapid  and  accurate  method  is  described  for  determining  cop¬ 
per  in  copper-base  and  tin-base  alloys,  based  on  its  deposition  at  a 
controlled  potential  from  an  acidic  tartrate  solution.  No  pre¬ 
liminary  separations  are  required.  An  apparatus  was  used  which 
controlled  the  cathode  potential  automatically,  and  determina¬ 
tions  were  completed  in  about  an  hour.  Analyses  of  several 
Bureau  of  Standards  alloys  demonstrated  that  the  method  is  as 
accurate  as  classical  electrogravimetric  procedures,  and  that  it 
can  be  applied  in  the  presence  of  relatively  large  amounts  of  tin, 
antimony,  lead,  zinc,  and  various  other  metals  commonly  present 
in  tin-base  and  copper-base  alloys. 
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Determination  of  Small  Amounts  of  Sulfur  in  Naphthalene 

J.  A.  HINCKLEY,  Jr.,  MARY  C.  WILSON,  HARRIET  McKNIGHT,  AND  B.  B.  CORSON 
Koppers  Co.,  Inc.,  Multiple  Fellowship  on  Tar  Synthetics,  Mellon  Institute,  Pittsburgh,  Pa. 


An  analytical  method  described  for  the  determination  of  sulfur  in 
naphthalene  is  applicable  to  the  sulfur  range  of  0.002  to 
2%.  This  method  involves  the  combustion  of  naphthalene  in  a 
current  of  purified  air  and  the  turbidimetric  determination  of  sulfur 
as  barium  sulfate.  It  is  applicable  not  only  to  naphthalene  but  to 
other  high-boiling  organic  materials.  Incidentally,  a  variable, 
high-current,  low-voltage  transformer,  a  gas-lift  absorber  of  small 
holdup,  and  an  infrared  technique  for  evaporating  analytical  samples 
are  described. 

THERE  has  been  no  satisfactory  method  available  for  the 
determination  of  small  amounts  of  sulfur  in  naphthalene, 
although  numerous  procedures  ( 1 ,  3,  4,  5,  7,  8,  10,  12,  14~17,  20) 
are  appli  cable  to  naphthalene  with  relatively  high  sulfur  content. 
The  evaluation  of  naphthalene  for  catalytic  hydrogenation  over 
sulfur-sensitive  catalysts  requires  an  analytical  method  capable 
of  determining  sulfur  of  the  order  of  a  few  thousandths  of  a  per 
cent.  The  excellent  method  of  Zahn  (18)  is  not  usable  because 
naphthalene  cannot  be  burned  in  a  lamp  owing  to  the  deposition 
of  naphthalene  on  the  cooler  portions  of  the  wick  and  the  diffi¬ 
culty  in  obtaining  a  sootless  flame. 

JThe  method  described  here  involves  the  combustion  of  naph¬ 
thalene  in  a  hot  tube  in  a  current  of  purified  air  and  the  turbidi¬ 
metric  determination  of  sulfur  as  barium  sulfate.  This  method 
has  been  checked  against  samples  of  naphthalene  containing 
known  amounts  of  sulfur  and  found  to  give  satisfactory  results  in 
the  sulfur  range  of  0.002  to  2%.  Depending  on  the  sulfur  con¬ 
tent,  the  optimum  size  of  sample  varies  from  1.5  to  0.5  gram. 
In  order  to  obtain  accurate  analytical  figures  in  the  lower  sulfur 


range,  the  air-reagent  sulfur  blank  must  be  of  the  order  of  0.00001 
gram  and  the  rate  of  combustion  must  be  carefully  controlled  to 
prevent  explosion  and  obtain  complete  combustion. 

The  procedure  is  specific  for  naphthalene,  but  it  has  also  been 
applied  to  the  analysis  of  phenols,  anthracene,  phenanthrene, 
and  alkylated  polycyclics.  The  only  modification  needed  con¬ 
cerns  the  rate  of  evaporation  of  the  sample.  For  example,  phenol 
must  be  evaporated  at  a  lower  temperature  because  of  its  greater 
volatility,  so  that  the  composition  of  the  phenol-air  mixture  does 
not  reach  the  explosive  limit;  phenanthrene,  on  the  other  hand, 
requires  a  higher  temperature  of  evaporation  than  naphthalene. 

APPARATUS  (FIGURE  1)  AND  REAGENTS 

Air-Pubification  System.  The  air  for  the  combustion  is 
purified  according  to  Zahn  (18)  except  that  the  stainless  steel 
tube  originally  specified  was  replaced  on  the  recommendation 
of  Zahn  (19)  by  one  of  Nichrome  V.  Tube  temperatures  of  the 
air  purifier  are  taken  by  thermocouples  welded  to  the  tube. 

Transformer.  The  core  of  the  transformer  is  of  the  shell  type 
(Figure  2).  There  are  six  separate  windings  in  the  primary,  con¬ 
sisting  of  1,  2,  4,  8,  16,  and  32  turns  of  No.  6  copper  wire;  the 
secondary  is  one  turn  consisting  of  32  pieces  of  0.0375  X  5.6  cm. 
(0.015  X  2.25  inch)  copper  strap.  Voltage  regulation  is  accom¬ 
plished  by  five  single-pole,  double-throw  knife  switches  in  the 
primary  circuit.  With  110  volts  across  the  primary,  high  amper¬ 
age  at  voltages  between  1.5  and  3  volts  can  be  obtained  in  31 
steps  (Figure  3),  for  the  secondary  winding  can  be  varied  between 
32  and  63  turns  in  steps  of  1  turn  by  adjustment  of  the  knife 
switches. 

Combustion  Assembly.  The  combustion  tube  is  made  of 
No.  790  Vycor  or  transparent  quartz,  925  mm.  (or  1140  mm.)  X 
25  mm.  outside  diameter  X  19  mm.  inside  diameter,  sealed  to  an 
exit  end,  200  mm.  long  X  10.5  mm.  outside  diameter,  whose 
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Figure  1.  Purification — Combusti 

on- 

-Absorption  Assembly 

A. 

Charcoal-glass  wool  tower 

H. 

Glass  wool  tower 

B. 

Transformer 

J. 

Infrared  lamp 

C. 

Furnace 

J. 

Combustion  tube 

D. 

Stainless  steel  tube 

K. 

Combustion  boat 

E. 

Water  cooler 

L. 

Combustion  furnace 

F. 

Sodium  hypobromite  scrubber 

M. 

Sodium  carbonate  absorber 

G. 

Sodium  hydroxide  scrubber 

N. 

Flowmeter 

extreme  tip  is  drawn  down  to  6  mm.  outside  diameter.  The  com¬ 
bustion  tube  is  heated  at  1100°  C.,  by  a  single  30-cm.  (12-inch) 
furnace  (Fisher  No.  10-469),  or  at  900°  C.  by  two  30-cm.  (12- 
inch)  furnaces  (Fisher  No.  10-472),  the  longer  tube  being  used 
in  the  double  furnace  assembly.  In  either  case,  about  12  inches 
(30.5  cm.)  of  tube  extend  outside  of  the  heated  zone  at  the  inlet 
end. 

Absorption  Apparatus.  The  type  of  absorption  apparatus 
depends  upon  which  of  the  two  equally  satisfactory  methods  of 
combustion  is  employed.  One  method  is  to  aspirate  air  through 
the  equipment  by  means  of  a  throttled  vacuum  at  the  exit  end  of 
the  system;  the  other  method  is  to  force  compressed  air  through 
the  equipment  via  the  air  purifier.  Either  fritted-glass  absorbers 
(Pyrex  No.  31760,  500-cc.)  or  gas-lift  absorbers  (Figure  4)  are 
used  if  the  combustion  air  is  aspirated;  gas-lift  absorbers  are 
used  both  in  the  purification  train  and  for  the  absorption  of  the 
combustion  products  if  the  combustion  air  is  forced  through  the 
equipment  because  the  fritted-glass  plates  exert  too  much  back 
pressure  which  causes  leaks.  The  preferred  method  is  to  force 
the  combustion  air  through  the  equipment,  thereby  avoiding 
error  due  to  inward  leakage  of  unpurified  air.  However,  it  is 
more  convenient  to  aspirate  the  combustion  air  through  the  ap¬ 
paratus,  and  with  proper  care  in  making  the  connections,  there 
is  little  danger  of  inward  leakage. 

Turbidimeter.  A  Hellige  turbidimeter  (No.  8000-DN)  was 
used  that  had  been  standardized  according  to  the  directions  of 
Sheen,  Kahler,  and  Ross  (13). 

Reagent  and  Air-Reagent  Blanks.  In  order  to  determine 
sulfur  as  low  as  0.002%,  it  is  necessary  to  regard  every  reagent 
and  operation  with  suspicion.  Often  several  bottles  of  sodium 
carbonate  or  glycerol  have  to  be  discarded  before  one  is  found  with 
a  sufficiently  low  blank  to  be  mhde  up  into  a  stock  solution.  For 
instance,  blanks  on  200-cc.  samples  of  ordinary  distilled  water 
varied  from  0.00002  to  0.00005  gram,  whereas  triple-distilled 
water  (ordinary  distilled  water  that  had  been  distilled  twice 


Table  I.  Air-Reagent  Blanks 


more,  the  first  time  from  0.001  N  potassium  per¬ 
manganate)  gave  consistent  blanks  of  0.00001 
gram  of  sulfur  per  200  cc.  The  accepted  pro¬ 
cedure  is  to  prepare  triple-distilled  water  in 
small  batches  in  an  all-glass  equipment,  storing 
the  distillate  in  1-gallon  (3.79-liter)  Pyrex  glass- 
stoppered  (paraffin-sealed)  bottles  and  testing 
each  gallon  turbidimetrically  before  acceptance. 
These  extreme  precautions  are  perhaps  not  always 
necessary,  but  it  was  only  after  observing  them 
that  occasional  erratic  results  were  eliminated. 
Wash  bottles  should  be  freshly  filled  each  day, 
and  it  is  considered  advisable  to  blow  into  the 
bottles  through  a  cotton,  filter. 


Table  I  lists  a  number  of  typical  air-reagent 
blanks,  obtained  by  carrying  out  all  the  opera¬ 
tions  of  the  analytical  procedure  in  the  usual 
manner  with  the  exception  that  the  combus¬ 
tion  boat  was  empty.  In  the  absence  of  the 
Zahn  air  purifier,  the  air  blank  was  about  0.00002 
gram  of  sulfur  per  hour  (Table  I). 

Relation  between  Length  and  Tempera¬ 
ture  of  Combustion  Zone.  Originally  a  single 
12-inch  furnace  at  900°  C.  was  used,  but  the 
analytical  figures  were  consistently  low — e.g., 
about  70%  of  the  theoretical  for  naphthalene 
samples  containing  0.02%  of  sulfur  (Table  II). 

A  6-inch  (15-cm.)  roll  of  platinum  gauze  did 
not  increase  the  amount  of  sulfur  found.  Al¬ 
though  a  packing  of  quartz  in  the  combus¬ 
tion  tube  might  have  made  the  combustion  more  efficient, 
it  is  impossible  to  use  this  expedient  because  it  is  necessary  to 


Table  II.  Analytical  Data  for  Single  Furnace  at  900°  C. 


Sulfur 


Sulfur 


Sample 

Actual 

Found 

Actual 

Found 

Efficiency 

Grams 

Gram 

Gram 

% 

% 

% 

1.3650 

0.000383 

0.000271 

0.028 

0.019 

68 

1.4698 

0.000383 

0.000272 

0.026 

0.017 

66 

2.1327 

0.000383 

0 . 000302 

0.018 

0.014 

78 

1 . 9034 

0.000383 

0.000297 

0.020 

0.015 

75 

2 . 2553 

0 . 000383 

0.000300 

0.017 

0.013 

77 

Hours 


Sulfur 

Air 

Air  blank 

Reagent  blank 

Total  blank 

Cu.  ft. 

Gram 

Gram 

Gram 

1.2 

0 . 000005 

0.000005 

0.000010 

1.2 

0 . 000005 

0.000005 

0.000010 

2.4 

0.000003 

0 . 000008 

0.000011 

2.4 

0 . 000003 

0.000010 

0.000013 

6.0 

0 . 000003 

0 . 000009 

0.000012 

6.0 

0.000002 

0.000010 

0.000012 

Av. 

0.000003 

0.000008 

0.000011 

Figure  2.  Transformer  Core 
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rinse  the  tube  after  combustion  (lack  of  rinsing  lowers  the  sulfur 
figure  by  0.001  to  0.003%). 

The  substitution  of  two  12-inch  furnaces  at  900°  C.  or  of  a  single 
12-inch  furnace  at  1100°  C.  for  the  single  furnace  at  900°  C. 
raised  the  amount  of  sulfur  found  to  the  theoretical  amount. 
A  single  furnace  at  900°  C.  would  probably  have  been  satisfac¬ 
tory  at  a  slower  combustion  rate,  but  it  was  considered  prefer¬ 
able  to  keep  the  time  of  analysis  at  a  minimum  and  to  raise  the 
efficiency  of  combustion  by  using  a  higher  temperature. 


Figure  3.  Transformer  Wiring 
Diagram 


It  was  first  thought  that  the  low  sulfur  figures  were  due  to 
faulty  working  up  of  the  absorber  solution,  inasmuch  as  the  solu¬ 
tion  was  acidified  while  sulfite  could  still  be  present.  Experi¬ 
ment,  however,  showed  that  this  explanation  was  untenable. 
Two  identical  absorber  solutions  were  prepared,  each  containing 
0.00035  gram  of  sulfur  (56%  as  sodium  sulfate,  44%  as  sodium 
sulfite)  in  the  standard  volume  of  sodium  carbonate  solution. 
Each  was  analyzed  turbidimetrically,  one  (A)  being  acidified 
prior  to  the  addition  of  bromine  water,  the  other  (B)  being  acidi¬ 
fied  after  bromine  water  had  been  added.  Table  III  shows  that 
both  methods  were  satisfactory. 

PREPARATION  OF  NAPHTHALENE  SAMPLES  CONTAINING  KNOWN 
AMOUNTS  OF  SULFUR 

The  accuracy  of  the  method  was  established  by  the  analysis  of 
naphthalene  samples  containing  known  amounts  of  sulfur  in  the 
form  of  dibenzothiophene. 

Considerable  care  was  taken  to  prepare  sulfur-free  naphthal¬ 
ene.  Sodium-desulfurized  (11)  naphthalene  was  hydrogenated 
(8  hours  at  170°  C.  under  1700  kg.  per  sq.  cm.,  pounds  per  square 
inch,  gage  of  hydrogen  in  an  Ipatieff  bomb)  to  decalin,  and  the 
latter  was  further  desulfurized  by  heating  it  with  a  fresh  batch 
(25%  by  weight  of  the  liquid  charge)  of  powdered,  reduced  nickel 
catalyst  (6)  for  28  hours  (at  170°  C.  under  1700  pounds  per 
square  inch  of  hydrogen).  The  decalin  was  dehydrogenated  over 
pelleted  nickel  catalyst  at  15  pounds  per  square  inch  (gage), 
350°  C.,  and  0.5  liquid  space  velocity  per  hour.  Liquid  product, 
recovered  from  the  catalyzate  by  cooling  and  filtering,  was  re¬ 
cycled  twice.  A  50%  yield  of  naphthalene  (freezing  point  80.2  °  C. 
by  cooling  curve)  was  obtained  after  two  crystallizations  from 
methyl  alcohol.  In  view  of  this  multiple  treatment  with  nickel 
it  is  believed  that  the  naphthalene  was  exceptionally  free  from 
sulfur.  In  fact,  both  the  decalin  and  the  final  naphthalene  were 
free  from  sulfur  within  the  experimental  error  of  the  analytical 
method. 

Dibenzothiophene  was  prepared  according  to  the  direction  of 
Gilman  and  Jacoby  ( 2 ).  After  crystallizing  three  times  from 


ethyl  alcohol,  it  melted  at  99-100°  (capillary)  and  showed  a  sul¬ 
fur  content  of  17.3%  by  the  Parr  bomb  (theoretical  sulfur,  17.4%). 

Cyclohexane,  which  was  used  as  the  solvent  for  dibenzothio¬ 
phene  in  one  method  of  preparing  naphthalene  samples  of  known 
sulfur  contents,  was  obtained  by  hydrogenating  “thiophene-free” 
benzene  with  25%  by  weight  of  powdered,  reduced  nickel  cata¬ 
lyst  for  24  hours  at  150°  C.  under  1700  pounds  per  square  inch 
(gage)  of  hydrogen.  The  product  was  analytically  sulfur-free. 


Table  ill.  Effect  of  Order  of  Additions  of  Acid  and  Bromine  to 
Alkaline  Absorber  Solution 

_ Sulfur _ 

Expt.  Actual  Found 

Gram  Gram 

A  0.000350  0.000343 

B  0.000350  0.000340 


Naphthalene-dibenzothiophene  samples  were  prepared  by  two 
methods.  One  method  was  to  add  a  known  amount  of  dibenzo¬ 
thiophene  dissolved  in  1  cc.  of  cyclohexane  to  a  weighed  sample 
of  sulfur-free  naphthalene  in  a  combustion  boat.  The  cyclo¬ 
hexane  was  allowed  to  evaporate  for  one  hour  before  combustion 
of  the  sample  in  order  to  avoid  explosion  during  combustion. 
Three  cyclohexane  solutions  were  used  to  obtain  sulfur  contents 
at  the  three  desired  levels  of  0.2,  0.02,  and  0.002%.  The  second 
method,  which  was  used  for  the  higher  sulfur  concentrations,  was 
to  weigh  the  required  amounts  of  naphthalene  and  dibenzothio¬ 
phene  directly  into  the  combustion  boat.  Subsequently  it  was 
shown  that  true  samples  could  be  prepared  by  mixing  known 
weights  of  the  two  components  in  liquid  condition  (at  100°  C.) 
in  a  sealed  tube  and  quickly  freezing  the  mixture.  This  method 
was  not  used  in  the  actual  calibration  of  the  analytical  method 
because  there  was  a  suspicion  that  segregation  might  take  place 
during  crystallization. 

Amount  of  Air  Used  and  Danger  of  Explosion.  With 
0.5-  and  1.5-gram  samples,  which  are  the  weights  recommended 
for  0.2  and  0.002%  of  sulfur,  respectively,  the  volume  of  com¬ 
bustion  air  (550  cc.  per  minute,  0.02  cu.  foot  per  minute)  used  is 
six  times  and  two  times,  respectively,  the  theoretical  amount  re¬ 
quired  for  complete  combustion.  Assuming  constant  evaporation 
rate  through  the  hour  required  for  the  combustion,  the  naph¬ 
thalene  content  of  the  gas  stream  is  considerably  below  the  ex¬ 
plosive  limit  ( 9 )  in  the  case  of  a  0.5-gram  sample  of  naphthalene 
but  close  to  the  limit  with  a  1.5-gram  sample.  The  authors 
have  never  experienced  a  violent  explosion  in  300  analyses.  If 
the  sample  is  evaporated  too  rapidly,  explosion  waves  are  set  up 
which  oscillate  gently  back  and  forth  through  the  heated  zone, 
with  little  or  no  carbon  formation,  the  accuracy  of  the  analysis 
being  usually  unaffected.  Even  these  gentle  explosions  are  rare 
with  an  experienced  operator.  Nevertheless,  in  anticipation  of 
the  unexpected,  it  is  recommended  that  the  combustion-absorp¬ 
tion  assembly  be  shielded  by  a  shatterproof  glass  screen  and  that 
the  analyst  wear  goggles,  at  least  -until  familiar  with  the  method, 
and,  even  when  experienced,  that  these  precautions  be  observed 
whenever  an  unfamiliar  sample  is  being  burned. 

ANALYTICAL  PROCEDURE 

Combustion.  The  combustion  furnace  and  air  purifier  are 
brought  up  to  temperature.  The  porcelain  boat  containing  the 
sample  of  naphthalene  is  placed  in  the  combustion  tube,  2  inches 
(5  cm.)  outside  of  the  furnace  and  8  inches  (20  cm.)  from  the  in¬ 
let  end  of  the  tube.  The  inlet  end  of  the  combustion  tube  is  con¬ 
nected  to  the  air  purifier,  the  exit  end  is  connected  to  the  absorb¬ 
ers,  and  the  flow  of  combustion  air  is  started  (absorption  and  air 
flow  described  below).  The  sample  is  melted  by  a  250-watt  in¬ 
frared  lamp  placed  about  6  inches  (15  cm.)  above  the  boat,  and 
the  rate  of  evaporation  is  controlled  by  lowering  the  lamp  until, 
at  the  end  of  45  minutes,  it  almost  touches  the  combustion  tube. 
The  infrared  technique  is  very  useful  in  evaporating  analytical 
samples.  When  the  boat  appears  dry,  the  furnace  is  pushed  over 
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the  section  of  the  tube  containing  the  boat.  The  combustion 
of  a  1.5-gram  sample  of  naphthalene  requires  one  hour.  Two 
combustion-absorption  assemblies  can  be  serviced  by  a  single  air 
purifier  which  makes  it  possible  to  run  six  to  eight  combustions 
in  an  8-hour  day. 

Absorption.  Sodium  carbonate  was  substituted  on  the 
recommendation  (19)  of  Zahn  for  the  sodium  hypobromite  orig¬ 
inally  specified  (18). 

In  the  case  of  aspirating  the  combustion  air,  a  fritted  glass  ab¬ 
sorption  bottle  (containing  25  cc.  of  0.5  Ar  sodium  carbonate  solu¬ 
tion  diluted  to  150  cc.  or  until  the  liquid  level  is  at  least  3  inches, 
7.5  cm.,  above  the  upper  surface  of  the  fritted  disk)  is  connected 
(glass  to  glass)  to  the  reduced  exit  end  of  the  combustion  tube. 
The  vacuum  flow  meter  assembly  is  set  at  0.02  cu.  ft.  per  minute 
and  connected  to  the  exit  end  of  the  absorption  bottle.  The 
gas-lift  type  of  absorber  (Figure  4)  can  be  used  instead  of  the 
fritted-glass  absorber. 


Fisure  4.  Gas-Lift  Absorber 
All  dimensions  in  millimeters 


If  the  combustion  air  is  forced  through  the  equipment,  the  in¬ 
let  end  of  the  air  purifier  is  connected  to  a  source  of  compressed 
air  via  a  pressure  regulator,  and  the  rate  of  air  is  set  at  0.02  eu. 
foot  per  minute  by  a  flowmeter  attached  to  the  exit  end  of  the 
absorber. 

Analysis  of  Absorber  Solution.  The  rubber  connection 
between  the  combustion  tube  and  the  absorber  is  cut  and  the 
contents  of  the  absorber  are  transferred  to  a  500-cc.  Erlenmeyer 
flask,  together  with  two  20-cc.  rinsings.  The  hot  combustion 
tube  is  removed  from  the  furnace  and  placed  horizontally  on  a 


Table  IV.  Determination  of  Sulfur  on  Samples  of  Known 


Composition 

Sulfur 

Absolute 

Actual 

Found 

Difference 

Error 

% 

% 

% 

% 

0.0024 

0.0028 

+  0.0004 

+  17 

0.0021 

0.0027 

+  0.0006 

+  29 

0.0029 

0.0032 

+  0.0003 

+  10 

0.0024 

0.0033 

+  0.0009 

+  38 

0.027 

0.027 

0.000 

0 

0.032 

0.031 

-0.001 

-  3 

0.024 

0.023 

-0.001 

-  4 

0.026 

0.025 

-0.001 

-  4 

0.022 

0.020 

-0.002 

-  9 

0.026 

0.924 

-0.002 

-  8 

0.025 

0.025 

0.000 

0 

0.253 

0.236 

-0.017 

-  7 

0.288 

0.265 

-0.023 

-  8 

0.262 

0.247 

-0.015 

-  6 

0.263 

0.243 

-0.020 

-  8 

0.807 

0.792 

-0.015 

-  2 

0.538 

0.500 

-0.038 

—  7 

0.744 

0.708 

-0.036 

—  5 

0.543 

0.459 

-0.084 

-16 

2.68 

2.32 

-0.36 

-14 

1.69 

1.80 

+  0.11 

+  7 

1.73 

1.70 

-0.03 

-  2 

1.87 

1 . 56 

-0.31 

-17 

rack  to  cool.  When  it  has  cooled  to  room  temperature,  it  is 
rinsed  twice  with  20-cc.  portions  of  distilled  water  which  are 
added  to  the  Erlenmeyer.  The  solution  is  made  acid  to  methyl 
red  with  1  N  hydrochloric  acid,  15  cc.  of  saturated  bromine  water 
are  added,  and  the  solution  is  evaporated  on  a  hot  plate  to  about 
25  cc.  It  is  then  made  slightly  alkaline  to  phenolphthalein  with 
20%  sodium  hydroxide  and  exactly  neutralized  with  1  N  hydro¬ 
chloric  acid,  after  which  3  cc.  of  acid  are  added.  The  solution  is 
filtered  through  a  Whatman  No.  42  filter  paper  into  a  50-cc. 
volumetric  flask  and  made  up  to  the  mark.  The  turbidity  is  de¬ 
termined  according  to  Zahn  (18)  and  Sheen,  Kahler,  and  Ross 
(13).  If  the  amount  of  sulfur  in  the  50  cc.  of  solution  is  greater 
than  0.00055  gram,  the  solution  is  suitably  diluted  and  an  aliquot 
is  taken  which  contains  approximately  this  amount.  The  sulfur 
content  of  the  naphthalene  is  calculated  after  the  sulfur  blank 
has  been  subtracted. 

The  data  for  naphthalene  samples  of  known  sulfur  contents  pre¬ 
sented  in  Table  IV  reveal  the  order  of  accuracy  which  is  obtained 
by  this  method  of  analysis.  It  is  believed  that  the  absolute  error 
is  not  more  than  20%  except  in  the  range  0.002%  of  sulfur,  the 
lowest  limit  to  which  the  method  was  applied ;  here,  the  absolute 
error  is  believed  to  be  not  more  than  50%. 
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A  Use  of  the  Electron  Microscope 
in  Chemical  Microscopy 

E.  A.  GULBRANSEN,  R.  T.  PHELPS,  and  ALOIS  LANGER 
Westinghouse  Electric  &  Manufacturing  Co.,  East  Pittsburgh,  Pa. 


In  this  paper  the  possibilities  that  the  electron  microscope  may  offer 
in  chemical  microscopy  are  discussed,  a  technique  for  adapting  the 
electron  microscope  to  this  study  is  presented,  and  typical  pictures 
are  shown  of  results  obtained  with  the  technique  described.  The 
technique  for  the  controlled  growth  of  crystals  on  thin  plastic  films 
is  based  on  the  diffusion  of  ions  and  molecules  through  the  plastic 
film  and  subsequent  precipitation  on  the  film. 


THE  ELECTRON  MICROSCOPE 

Three  factors  in  general  limit- the  use  of  the  light  microscope: 
(1)  the  limited  resolving  power,  (2)  the  limited  depth  of  focus,  and 
(3)  the  short  working  distance.  Thus,  the  observation  of  detail 
is  limited  to  an  effective  magnification  of  1200  diameters.  How¬ 
ever,  in  order  to  obtain  sufficient  depth  of  focus,  most  light 
microscopic  observations  are  made  at  magnifications  of  the  order 
of  200  diameters.  Therefore  special  precautions 
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Figure  1.  Crystal  Preparation 


must  be  taken  to  grow  crystals  of  the  proper  size 
for  study. 

The  electron  microscope  has  a  useful  magni¬ 
fication  of  about  50,000  diameters.  At  this 
magnification  the  instrument  has  a  depth  of 
focus  of  10  microns  and  a  limit  of  resolution  of 
0.004  micron.  The  light  microscope  at  200 
diameters  has  a  depth  of  focus  of  4  microns  and 
a  resolution  of  1  micron.  These  relationships 
have  been  described  by  Burton,  Barnes,  and 
Rochow  (2). 

These  facts  may  favor  a  useful  role  for  the 
electron  microscope  in  chemical  microscopy  if 
technique  can  be  developed  for  growing  crystals 
which  may  be  studied  in  the  electron  microscope. 

With  the  present  designs  of  electron  micro¬ 
scopes,  it  is  impossible  to  observe  specimens 
unless  they  are  exposed  to  a  vacuum  of  0.1 
micron  of  mercury  or  better.  This  factor,  as  well 


THE  light  microscope  has  been  used  for  many  years  to 
study  the  habit  of  crystals  of  insoluble  precipitates  as 
a  means  of  chemically  identifying  the  material.  The  first 
attempt  at  systematic  microscopical  qualitative  analysis 
was  proposed  in  1877  by  Boricky  (1).  Subsequent  con¬ 
tributions  by  Behrens,  Emich,  Donau,  and  others  de¬ 
veloped  the  methods  and  techniques  of  chemical  micro¬ 
scopical  analyses.  These  methods  are  described  in 
Chamot  and  Mason’s  (8)  handbook. 

In  chemical  microscopy,  the  light  microscope  is  used  to 
aid  the  eye  in  distinguishing  the  crystal  habit  of  a  sub¬ 
stance.  This  habit  is  correlated  with  its  chemical  com¬ 
position.  The  crystals  studied  are  usually  prepared  by 
causing  a  reaction  of  a  solution  or  crystal  of  the  unknown 
with  test  reagents.  For  some  reactions,  if  reproducible 
crystal  habits  are  to  be  obtained,  the  concentration,  pH, 
temperature,  rate  of  growth,  and  other  factors  must  be 
controlled.  Additional  information  which  may  be  help¬ 
ful  in  identifying  the  material  can  be  obtained  from 
polarized  light  and  refractive  index  studies  on  the  crystal. 

During  the  past  decade  the  electron  microscope  has 
been  developed  to  a  point  where  it  can  be  applied  to  a 
wide  variety  of  problems.  The  purpose  of  this  paper  is 
(1)  to  investigate  the  possibilities  that  the  electron  micro¬ 
scope  may  offer  in  chemical  microscopy,  (2)  to  present 
one  technique  for  adapting  the  electron  microscope  to  this 
study,  and  (3)  to  show  typical  pictures  of  some  results 
obtained  with  the  technique  described. 


#  1 

.001  M  A3  N03 

.01  M  A3  N03 
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Figure  2.  Effect  of  Concentration  of  Test  Solution  on  Crystal  Form 
Reagent,  0.1  M  K2GO4.  Precipitate,  AgiCrO* 
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the  film,  1  cm.  in  diameter,  are  removed  by  raising  a 
small  ring  under  the  Parlodion  film;  a  small  needle 
is  used  to  cut  the  film  away  from  the  ring.  The  sec¬ 
tions  of  film  are  now  placed  on  the  surface  of  the  re¬ 
agent  in  a  small  crystallizing  dish.  The  concentra¬ 
tion  of  the  reagent  is  0.1  molar.  A  small  drop  of  the 
test  solution  is  placed  on  the  upper  surface  of  the 
film  by  a  small  glass  capillary  tube.  Diffusion  of  the 
ions  through  the  film  allows  the  formation  of  an  in¬ 
soluble  crystalline  precipitate  in  the  drop  where  solu¬ 
bility  factors  permit  and  if  test  solutions  which  are 
known  to  produce  crystalline  precipitates  are  chosen 
for  study.  The  time  necessary  to  produce  sufficient 
crystals  for  observation  in  the  electron  microscope 
is  of  the  order  of  1  to  2  minutes.  A  small  hand  lens 
is  useful  in  observing  the  extent  of  crystallization. 

The  Parlodion  film  and  crystals  are  removed  from 
the  reagent  solution  (Figure  1,  c)  by  means  of  a  second 
ring  (with  handle)  slightly  smaller  in  diameter  than 
the  one  used  in  Figure  1,  a.  The  film  is  now  gently 
deposited  on  the  surface  of  clean  distilled  water  in  a 
crystallizing  dish.  The  water  and  ions  will  diffuse 
through  the  thin  film  and  gradually  eliminate  the 
objectionable  ions  in  the  mother  liquor.  The  wash¬ 
ing  process  is  allowed  to  proceed  for  10  minutes. 
The  film  under  the  drop  is  punctured  with  a  care¬ 
fully  sharpened  needle  and  the  residue  liquor  in  the 
drop  drains  away.  Blank  tests  indicate  that  the 
washing  and  subsequent  drainage  of  the  liquid  by 
puncturing  are  sufficient  to  remove  extraneous  ions 
which  would  form  crystals  on  the  evaporation  of  the 
mother  liquor.  A  metal  screen  is  placed  over  the 
area  of  interest  and  the  film  plus  screen  removed 
to  dry  in  a  vacuum  at  room  temperature. 


Figure  3.  Effect  of  Method  of  Precipitation  on  Crystal  Form 
Reasent,  0.1  Af  l<2CrO«.  Precipitate,  Ag2GO< 


as  the  absorption  of  energy  of  the  electron  beam  by  specimens  of 
finite  thickness,  imposes  limitations  on  the  nature  of  the  crystals 
which  may  be  studied.  Crystals  containing  water  of  crystal¬ 
lization  or  other  volatile  matter  may  decompose  under  the 
vacuum  conditions  in  the  electron  microscope.  The  absorption 
of  energy  from  the  electron  beam  may  be  sufficient  to  melt  the 
substance  or  to  cause  it  to  undergo  decomposition  or  a  transition 
of  crystal  phase. 

The  shadow  technique  is  used  for  the  study  of  small  crystals, 
which  are  supported  by  a  thin  plastic  film  mounted  on  a  fine- 
mesh  metal  screen.  If  the  thin  plastic  film  can  be  used  for  prepa¬ 
ration  of  the  crystals  as  well  as  for  support  in  the  microscope, 
the  over-all  technique  will  be  simplified. 

METHOD 

The  preparation  of  specimens  for  the  electron  microscope  re¬ 
quires  that  the  material  be  evaporated  to  dryness  before  being 
placed  in  the  vacuum  chamber.  If  the^crystals  are  produced  by 
the  interaction  of  the  two  solutions,  they  must  be  collected  in  a 
dispersed  manner  on  a  thin  plastic  film  and  the  mother  liquor 
removed.  This  latter  fact  is  an  important  difference  in  the 
manner  of  preparation  of  crystals  for  the  electron  microscope  as 
contrasted  with  the  light  microscope.  Crystals  studied  in  the 
light  microscope  in  chemical  microscopy  are  usually  observed  in 
their  mother  liquor. 

Many  methods  have  been  proposed  for  carrying  out  tests  in 
chemical  microscopy  (3).  Although  a  few  of  them  could  be 
adapted  for  use  with  the  electron  microscope,  it  is  of  considerable 
advantage  to  utilize  the  property  of  diffusion  of  ions  and  mole¬ 
cules  through  thin  plastic  films.  The  technique  then  is  to  collect, 
wash,  and  observe  the  crystals  on  the  same  piece  of  plastic  film. 
The  method  is  shown  schematically  in  Figure  1. 

A  large  section  of  Parlodion  film  is  formed  on  clean  distilled 
water,  using  3  to  4  drops  of  a  1%  solution  of  Parlodion  in  a  2  to  1 
solvent  mixture  of  amyl  acetate  and  ethyl  alcohol.  The  purpose 
of  the  alcohol  is  to  increase  the  porosity  of  the  film.  Sections  of 


Several  modifications  of  the  above  technique 
for  preparing  crystals  have  been  tried.  The  first 
modification  is  to  add  one  reagent  in  the  form 
of  a  crystal  to  the  other  reagent  as  a  drop  of  solu¬ 
tion  resting  on  the  plastic  film  over  clean  distilled  water. 
After  precipitation,  the  crystals  are  washed  and  the  liquid 
drained  away  as  described  above.  A  second  modification  is  to 
add  a  drop  of  test  solution  directly  to  a  drop  of  reagent  placed  on 
the  surface  of  the  Parlodion  film  supported  on  clean  distilled 
water.  This  is  called  the  method  of  direct  mixing  to  distinguish 


Figure  4.  Sulfates  of  Barium,  Calcium,  Lead,  and  Strontium 

Reagent,  0.1  M  K*SC>4 
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Fisure  5.  Chromates  of  Barium,  Lead, 
Mercury,  and  Silver 

Reagent,  0.1  M  KjCrOt 

-< - 


it  from  precipitation  and  crystal  formation  by  diffu¬ 
sion.  The  direct  mixing  methods  are  used  for  pre¬ 
paring  the  more  soluble  precipitates  where  consider¬ 
able  material  must  be  diffused  through  the  membrane. 
The  diffusion  method  would  require  a  long  time  for 
diffusion  of  the  required  amounts  of  ions  for  precipita¬ 
tion.  A  slight  variation  on  these  latter  methods  is 
to  precipitate  by  mixing  the  two  solutions  on  a  spot 
plate  or  in  a  small  capillary  and  then  transfer  the 
precipitate  plus  liquor  to  a  Parlodion  film  on  the 
water  for  washing.  Most  of  the  studies  described 
here  are  made  by  the  diffusion  method  because  of 
the  better  control  over  the  precipitation  process. 

RESULTS 

One  of  the  important  factors  determining  the 
habit  of  the  crystal  is  the  concentration  of  the  test 
solution.  A  study  of  this  factor  made  for  the  case  of 
silver  chromate  is  shown  in  Figure  2.  The  test  re¬ 
agent  is  0.1  M  potassium  chromate  and  0.001  M, 
0.01  M,  0.1  M,  and  1.0  M  test  solutions  of  silver  nitrate 


Table  I.  Crystals  Studied 


Test  Solution 

Reagent 

Precipitate 

Method 

Electron  microscope 

0.1  M  BaCh 

0.1  M  K2SO4 

BaSOr 

Diffusion 

Prismatic,  tabular  with 
pointed  and  square 
ends 

CafNOsh  crystal 

0.1  M  K2S04 

CaS04.2H20 

Mixing 

0.01  M  Pb(NOa)2 

0.1  M  K2S04 

PbSOr 

Diffusion 

Prismatic,  stalactitic 

0.1  JfSrfNOih 

0.1  M  K2SO4 

SrSOr 

Diffusion 

Prismatic,  resembles 
BaS04 

Prismatic,  large  and  small 
crystals 

0.1  M  BaCh 

0.1  M  KaCrOa 

BaCr04 

Diffusion 

0.01  M  PbfNOah 

0.1  M  K2Cr04 

PbCr04 

Diffusion 

Prismatic,  tabular 

0.01  M  HgfNOsh 

0.1  M  KaCrOr 

HgCrOa 

Diffusion 

Clusters  of  poorly  de- 

0.1  M  AgNOa 

0.1  M  KaCrOi 

Ag2Cr04 

Diffusion 

veloped  crystals 
Prismatic,  columnar  and 
acicular 

0.1  M  BaCh 

0.1  M  K2CO3 

BaCOa 

Diffusion 

Columnar,  pointed,  with 
poorly  developed  forms 

0.01  M  Ca(NOs)2 

0.1  M  K2CO3 

CaCOa 

Diffusion 

Outlines  suggest  rhombo- 
hedrons;  large  crystals 
and  small  fibrous  ones 

0.01  M  PbfNOah 

0.1  M  K2CO3 

PbCOa 

Diffusion 

Hexagonal  and  irregular 
outlines 

0.1  M  Sr(NOs)2 

0.1  M  K2CO3 

SrCOa 

Diffusion 

Spear-shaped;  poorly  de¬ 
fined  forms 

0.1  M  CuS04 

0.1  M  K2CO3 

Cu(OH)2.CuCOa“ 

Diffusion 

Triangular,  lamellar 

prisms  grouped  as 
rosettes 

Rounded,  irregular,  glob¬ 
ular 

Hexagonal  outlines 

0.1  M  MnSO* 

0.1  M  K2CO3 

MnCC>3 

Diffusion 

0.1  M  AgNOa 

0.1  M  K2CO3 

Ag2C03 

Diffusion 

0.01  M  ZnCh 

0.1  M  K2CO3 

ZnCOa 

Diffusion 

Clusters  of  irregular  and 

0.01  M  PbfNOah 

0.1  M  NaaHAsOa 

Pb3(As04)2a 

Diffusion 

fibrous  crystals 

Acicular 

0.01  M  Pb(N03)2 

0.1  M  (NH4)2HP04 

Pba(P04)2 

Diffusion 

Regular  and  irregular 
hexagonal  outlines 

0.1  M  AgNOa 

0.1  M  NaaHAsOi 

Ag3As04 

Diffusion 

Hexagonal  outlines 

0.1  M  AgNOa 

0.1M  (NHrRHPOr 

AgaPO 

Diffusion 

Square  and  rectangular 
outlines 

.  05  M  SnCl 

0.1  M  NaaCaOa 

SnC204 

Diffusion 

Irregular  square  and 
parallelogram  outlines 

0.1  M  CdS04 

0.1  M  CdSOa 

CdCOa 

Diffusion 

Prismatic,  columnar; 

poorly  developed  crys¬ 
tals 

Prismatic  and  equant 

0.1  M  NiSCL 

0.1  M  (NHi)2HP04 

Ni3(P04)2 

Diffusion 

0.1  M  CuSOr 

0.1  M(NH4)2HPOi 

Cua(P04)2.Cu(0H)2<1 

Diffusion 

Compacts  of  irregular 
pointed  crystals 

0. 1  M  K.2SO4 

5%  H2PtCi6.6H20 

KaPtCla 

Mixing 

Hexagonal  outlines 

0.1  M  K2SO4 

10%  HCiOr 

KCIO4 

Diffusion 

Prismatic,  acicular 

0.1  M  NiS04 

0.5%  C4HsN202 

Ni(C’4tl7N202)2 

Mixing 

Long,  slender  needles 

0.1  M  AgN(b 

0.1  M  KCNS 

AgCNS 

Diffusion 

Prismatic,  columnar 

°  Composition  uncertain. 


Description  of  Crystals 


Light  microscope 

Well-defined,  tabular  (3) 


Long,  slender  needles  (3) 

Granular,  indistinct  (3) 

Granular,  indistinct  (3) 

Minute  grains;  square  or 
rectangular  plates  and 
tablets  (3) 

Pulverulent  (3) 

No  crystalline  precipitate 

(3) 

Plates,  rectangular,  elon¬ 
gated  (3) 

Minute,  needles,  spider- 
like  aggregates  and  tiny 
spherulites  (3) 

Tiny  disks  and  well- 
formed  rhombohedra 
(3) 

Prismatic  (7) 

Spherulites  and  dumbbell 
aggregates  of  tiny 
needles  (3) 


Gelatinous  precipitate  (3) 
Curdy  precipitate  chang¬ 
ing  to  minute  rods  and 
needles  (3) 

Granular  precipitate 
changing  to  irregular 
grains  and  platelets  (3) 
Granular;  tiny  dendritic 
stars,  crosses,  and  radi¬ 
ates  (3) 

Great  variety  of  prismatic 
or  imperfectly  devel¬ 
oped  crystals  (3) 


Well-formed  octahedra 
(») 

Prismatic,  skeletal  (3) 
Acicular  (3) 


Macroscopic 
Prismatic  (5) 


Prismatic  to  acicular  (5) 
Stalactitic,  tabular,  conic 
(5) 

Prismatic  (5) 


Prismatic  (5) 


Columnar,  crystals  al¬ 
ways  repeated  twins 
.  (5) 

Variety  of  habits  (5) 


Tabular  (5) 

Spear-shaped,  acicular 

(5) 

Slender,  acicular  prisms 
grouped  as  rosettes  (5) 

No  distinct  crystals  (5) 


Rarely  well  crystallized 
(5) 


Small  prismatic;  united 
in  druses  (5) 

Octahedral  and  cubic 
forms;  well-formed  (7) 
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P  bC03  Srco3 


Figure  6.  Carbonates  of  Barium,  Calcium,  Lead,  and  Strontium 

Reagent,  0.1  M  KiC03 

are  used.  The  formation  and  growth  of  the  crystal  are  carried 
out  by  the  diffusion  technique.  As  the  concentration  of  silver 
nitrate  is  increased,  both  the  number  and  size  of  the  crystal  in¬ 
crease.  However,  for  the  1.0  M  solution,  the  crystal  size  decreases. 

Although  a  statistical  study  was  not  made  on  the  crystal  size  as 
affected  by  the  concentration,  observations  of  different  portions 
of  the  specimen  on  the  fluorescent  screen  indicated  the  tendencies 
noted.  The  habit  of  the  crystal  is  similar  for  the  various  concen¬ 
trations,  although  the  prismatic  form  of  the  crystal  is  enhanced 
in  the  case  of  silver  chromate  by  increasing  the  concen¬ 
tration.  This  is  seen  in  the  longer  crystals  which  are  formed. 

Figure  3  shows  a  comparison  of  typical  crystals  ob¬ 
tained  by  the  diffusion  technique  with  those  obtained  by 
direct  mixing.  The  effect  of  concentration  of  test  solu¬ 
tion  on  crystal  habit  is  shown  for  both  cases.  For  equal 
concentration  of  test  solution  the  diffusion  method  pro¬ 
duces  the  larger  crystals;  it  also  produces  superior  crys¬ 
tals  haidng  fewer  intergrowths.  Increasing  the  concen¬ 
tration  produces  smaller  crystals  by  direct  mixing  while 
larger  crystals  are  produced  by  the  diffusion  method. 

A  complete  study  of  chemical  crystallography  would 
involve:  (1)  space  lattice,  (2)  habit,  (3)  number  of 
nuclei,  (4)  rate  of  growth,  (5)  solid  solution,  and  (6)  de¬ 
gree  of  supersaturation.  This  analysis  is  difficult  and  will 
not  be  attempted  in  this  paper.  However,  certain  correla¬ 
tions  can  be  made  of  the  chemical  composition  and  the 
habit  of  the  crystal  based  on  the  micro-  and  macro¬ 
scopic  crystals. 

Figure  4  shows  the  crystal  habits  obtained  for  the  sul¬ 
fates  of  barium,  calcium,  lead,  and  strontium,  all  formed 
by  diffusion  precipitation  except  for  calcium  sulfate  which 
was  formed  by  the  interaction  of  the  test  reagent  with  a 
crystal.  Although  the  calcium  sulfate  is  probably  pre¬ 
cipitated  as  calcium  sulfate  dihydrate,  it  is  found  to  be 
stable  to  the  vacuum  and  the  electron  beam  in  the  electron 
microscope.  Table  I  shows  a  list  of  the  precipitates  ob¬ 
tained  in  this  study;  their  crystal  habits  are  shown  in  Fig¬ 
ures  4  to  10.  The  test  reagent,  test  solution,  and  method 
of  formation  are  also  included. 


Figure  5  shows  the  results  obtained  with  the  chromates 
of  barium,  lead,  mercury,  and  silver.  The  carbonates  of 
barium,  calcium,  lead,  and  strontium  are  shown  in  Figure 
6,  while  Figure  7  shows  the  carbonates  of  copper,  man¬ 
ganese,  silver,  and  zinc.  The  arsenates  and  phosphates 
of  lead  and  silver  are  shown  in  Figure  8,  while  Figure  9 
shows  the  crystals  of  stannous  oxalate,  cadmium  carbon¬ 
ate,  and  nickel  and  copper  phosphate.  Figure  10  shows 
the  crystals  of  potassium  perchlorate  and  chloroplatinate, 
nickel  dimethylglyoxime,  and  silver  thiocyanate. 

The  crystal  habits  of  the  various  precipitates  are  found 
to  be  reproducible  and,  in  general,  simple  habits  are  ob¬ 
tained.  The  experimentally  observed  habits  of  the  crys¬ 
tals  are  compared  in  Table  I  with  those  given  by  Chamot 
and  Mason  (3)  and  Winchell  (7)  for  the  light  microscope 
and  those  given  by  Dana  (4,  6)  for  macroscopic  crystals. 
Fair  agreement  is  obtained.  For  gelatinous  and  granular 
precipitates  the  advantage  of  the  high  resolving  power  of 
the  electron  microscope  is  evident.  Strontium  sulfate,  for 
example,  is  granular  and  indistinct  in  the  light  microscope 
but  is  shown  in  Figure  4  to  have  a  distinct  prismatic  habit. 
The  electron  micrographs  or  pictures  were  taken  at  6,700 
diameters  and  then  enlarged  optically  to  16,750  diameters. 
The  size  of  the  crystals  can  be  estimated  by  comparing  the 
dimensions  with  the  value  of  1  micron  drawn  on  each  series 
of  prints. 

In  addition  to  the  experiments  described  above,  the  in¬ 
soluble  iodides  and  oxalates  were  studied.  The  iodides 
were  found  to  melt  or  decompose  in  the  electron  beam.  This 
process  could  be  followed  visually  on  the  fluorescent  screen. 
The  oxalates  decomposed  in  the  microscope  or  else  the  crystal 
forms  were  not  distinctive. 

CALCULATIONS 

Three  calculations  will  be  made:  (1)  the  amount  of  silver  ions 
precipitated  in  the  experimen  tshown  in  Figure  3,  C,  (2)  the  dis¬ 
tribution  of  crystals  in  the  specimen  and  in  the  photograph,  and 
(3)  the  theoretical  limit  to  the  precipitation  of  silver  ion  by  the 
chromate  ion. 


Figure  7.  Carbonates  of  Copper,  Manganese,  Silver,  and  Zinc 
Reagent,  0.1  M  KjCOj 
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Table  II. 

Gold  Calibration 

D,  Mm. 

I/h 

dhkl 

D  X  dhkl 

11.7 

S 

2.35 

27.5 

13.5 

M 

2.03 

27.4 

19.1 

M 

1.439 

27.5 

22.3 

M 

1.227 

27.4 

23.3 

W 

1.173 

27.4 

29.3 

M 

0.935 

27.4 

30.  1 

M 

0.910 

27.4 

32.9 

W 

0.832 

27.4 

34.9 

W 

0.784 

27.4 

Av. 

27.4 

A£3ASC>4  A£3  PO4 


Figure  8.  Arsenates  and  Phosphates  of  Lead  and  Silver 
Reagents,  0.1  M  (NHOsHPO*  and  0.1  M  NasH  AsO< 


Ni3(P04)2 


Figure  9.  Stannous  Oxalate,  Cadmium  Carbonate,  and  Nickelous  and 

Cupric  Phosphates 

Reagents,  0.1  M  NasCsOs,  0.1  M  K2CO3,  and  0.1  M  (NHjJzHPO* 


Table  III.  Electron  Diffraction  Data  on  BaCrOi  and  BaSOs 

BaCrO<  BaSOi 


X-Ray  X-Ray 

Experimental  tables  Experimental  tables 


D,  mm. 

I /To 

dhkl 

dhkl 

I/h 

D,  mm. 

///„ 

dhkl 

dhkl 

I /1 0 

6 

.9 

M 

3 

.97 

4 

O 

O 

M 

6 

.35 

W 

4 

.30 

4 

.35 

M 

7 

.5 

M 

3 

.65 

7. 

0 

M 

3 

.90 

3. 

89 

M 

7 

.8 

S 

3 

.52 

3 

.54 

S 

7 

.  65 

W 

3 

.57 

3. 

.57 

W 

8 

.1 

M 

3 

.38 

7 

.  95 

S 

3 

.43 

3 

.44 

s 

8 

.7 

S 

3 

.15 

3 

’  i.9 

s 

8 

.3 

w 

3 

.29 

3 

,31 

M 

9 

.5 

S 

2 

.89 

2 

.90 

s 

8 

.8 

s 

3 

.10 

3. 

.10 

s 

9 

.9 

w 

2 

.77 

2 

.78 

M 

9 

.  65 

M 

2. 

83 

2. 

83 

M 

10 

.7 

w 

2 

.56 

2 

.53 

w 

10, 

.1 

M 

2 

.71 

2. 

.72 

M 

11 

.6 

w 

2 

.37 

2 

.37 

w 

10 

.6 

M 

2. 

.57 

12 

.2 

w 

2 

25 

2 

.25 

w 

11 

15 

W 

2 

45 

2. 

^47 

W 

12 

.7 

s 

2 

.  16 

2 

.  16 

s 

11 

.85 

W 

2 

.30 

2. 

.31 

w 

14. 

5 

w 

1. 

89 

1. 

91 

M 

12 

.4 

M 

2 

.20 

2, 

.20 

w 

13 

.0 

S 

2 

.10 

2 

.10 

s 

14. 

9 

w 

1. 

84 

1. 

80 

w 

13 

.3 

W 

2 

.  05 

2. 

.04 

w 

15 

2 

w 

1. 

80 

14. 

2 

w 

1. 

92 

1 

.92 

w 

16. 

0 

M 

1. 

71 

l' 

71 

M 

14. 

9 

w 

1. 

83 

1. 

.85 

w 

16 

5 

w 

1. 

66 

1. 

66 

W 

15. 

9 

w 

1. 

.72 

1. 

.74 

w 

16. 

9 

w 

1. 

62 

1. 

62 

w 

16 

85 

w 

1. 

.62 

1. 

,63 

w 

17. 

5 

w 

1. 

57 

1. 

.  56 

w 

17. 

2 

w 

I! 

.59 

1. 

58 

w 

18. 

9 

w 

1. 

45 

1 

45 

w 

17. 

.  85 

w 

1. 

53 

1 

.52 

M 

19. 

4 

w 

1. 

41 

1. 

41 

w 

19. 

2 

w 

1 

.42 

1 

.42 

w 

21. 

2 

w 

1. 

29 

1 

.29 

w 

19. 

.4 

w 

1. 

.41 

22. 

2 

w 

1. 

24 

1. 

25 

w 

21. 

6 

w 

1. 

.26 

1! 

'26 

w 

23. 

4 

w 

1. 

17 

1. 

17 

w 

24. 

9 

w 

1. 

.10 

1. 

.09 

w 

24. 

4 

w 

1. 

12 

1. 

12 

w 

27. 

7 

w 

0. 

987 

, . 

30. 

3 

w 

0. 

902 

1.  Silver  nitrate,  0.001  M,  is  reacted  with  0.1  M  po¬ 
tassium  chromate  by  diffusion.  Sample  volume  is  approxi¬ 
mately  10-3  cc.  or  1  cu.  mm.  This  volume  contains  1.08 
X  10  ~1 2 3 * * * 7 *  gram  of  silver  ions  per  cu.  mm.  This  silver 
produces  crystals  upon  diffusion  of  chromate  into  the 
sample  volume — some  are  shown  in  Figure  3.  C.  The 
method  in  this  case  has  detected  1.08  X  10-7  gram  of  silver. 

2.  The  specimen  area  is  1  sq.  mm.  and  1  cu.  mm.  is 
used  for  the  sample.  Assume  uniform  distribution  of  crys¬ 
tals  over  the  specimen  area  and  also  that  the  resulting  sil¬ 
ver  chromate  crystal  is  about  1  micron  long,  0.5  micron 
wide  and  deep.  This  follows  from  analysis  of  crystal 
shown  in  Figure  3,  C,  and  from  the  assumption  that  the 
crystal  is  as  deep  as  it  is  wide.  Weight  of  crystal  is  1.41  X 
10“ 12  gram  and  it  contains  about  0.91  X  10“ 12  gram  of  sil¬ 
ver.  If  the  silver  ions  are  precipitated  as  silver  chromate 
crystals  of  a  uniform  size,  a  total  of  about  118,000  crystals 
would  be  formed  over  the  1  sq.  mm.  area. 

The  area  of  specimen  from  which  the  micrograph  was 
photographed  (6700X)  represents  about  1/18,000  sq.  mm. 
Therefore  the  average  number  of  crystals  found  in  the 
electron  microscope  on  any  4  square  inch  area  (2  X  2)  is 
6.5.  This  is  ample.  Specimens  having  one  tenth  or  one 
hundredth  of  this  number  may  be  used,  since  the  specimen 
can  be  moved  on  the  stage  in  the  electron  microscope. 

3.  The  theoretical  limit  to  the  detection  of  silver  ion 

by  the  chromate  ion  can  be  estimated.  The  formation 

of  crystals  by  the  diffusion  method  is  limited  by  the  solu¬ 
bility  product  and  by  the  time  for  the  crystal  to  grow. 
The  diffusion  of  the  potassium  and  chromate  ions  into  the 

drop  is  nearly  independent  of  the  silver  and  nitrate  ion 

concentrations  at  low  silver  nitrate  concentrations.  How¬ 
ever,  the  crystal  nuclei  must  be  formed  and  grow  before 
the  silver  nitrate  diffuses  out  of  the  drop  and  into  the 
chromate  solution.  The  solubility  product  of  silver 
chromate  is  9  X  10-12  at  25°  C.  If  a  1  M  potassium 
chromate  solution  is  used  as  a  reagent,  the  limiting  con¬ 
centration  on  the  silver  ion  is  3  X  10“ 6  mole  per  liter  or 
3.24  X  10-10  gram  per  cu.mm.  Therefore  the  method  may 
detect  one  tenth  or  one  hundredth  the  amount  of  silver 
specified  in  part  1  or  10-8  or  10~9 * *  gram  of  silver.  Below 
these  figures  solubility  product  considerations  enter  and 
difficulties  may  be  encountered  in  finding  crystals  for  study. 

Similar  calculations  can  be  made  for  the  other  systems 
studied. 


ELECTRON  DIFFRACTION 

An  additional  feature  of  the  electron  microscope,  which 
is  of  considerable  value  in  identifying  the  nature  of  the 
crystal,  is  the  use  of  the  electron  diffraction  adapter. 
For  this  purpose  a  heavier  concentration  of  crystals  is 
necessary,  and  the  growth  of  well-formed  crystals  is 

not  important.  The  technique  of  using  the  electron 

diffraction  adapter  has  been  described  by  Picard  (6). 
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Figure  10.  Silver  Thiocyanate,  Potassium  Perchlorate  and  Chloroplati- 
nate,  and  Nickel  Dimethylglyoxime 


Figure  11  shows  typical  diffraction  pictures  of  barium  chro¬ 
mate,  barium  sulfate,  gold,  and  a  Parlodion  film.  The  barium 
chromate  and  barium  sulfate  are  prepared  by  the  diffusion 
technique,  while  the  gold  is  formed  by  evaporation  on  to  a 
Parlodion  film.  The  gold  picture  is  included  for  calibration 
purposes  and  is  taken  at  the  same  time  as  the  other  pic¬ 
tures  in  the  group.  This  calibration  procedure  is  necessary 
because  of  the  change  in  the  absolute  value  of  the  accelerat¬ 
ing  voltage  and  also  the  change  of  the  current  in  the  diffrac¬ 
tion  focusing  lens. 

Table  II  shows  the  data  obtained  “from  the  gold  calibra¬ 
tion.  D  refers  to  the  diameter  of  the  particular  diffraction 
ring.  The  ratio  I/Io  is  an  estimate  of  the  relative  inten¬ 
sities  of  the  several  lines.  S  refers  to  strong,  M  to  medium, 
and  W  to  weak.  The  lattice  spacings  dhu  are  taken  from 
x-ray  diffraction  tables.  The  calibration  constant  ( D  X 
dhki )  is  found  to  be  27.4. 

Table  III  shows  the  electron  diffraction  data  obtained 
from  barium  chromate  and  barium  sulfate  crystals.  The 
data  obtained  from  x-ray  tables  are  included  for  com¬ 
parison;  the  agreement  is  good.  The  value  of  these  data 
is  apparent  from  the  table. 

CONCLUSIONS 

A  technique  for  the  controlled  growth  of  crystals  on  thin 
plastic  films  is  based  on  the  diffusion  of  ions  and  molecules 
through  the  plastic  film  and  subsequent  precipitation  on  the 
film. 


Figure  11.  Diffraction  Patterns  of  Parlodion,  Evaporated  Gold,  Barium  Sulfate,  and  Barium  Chromate 
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The  diffusion  method  offers  better  control  of  the  crystal 
size  and  shape  than  preparing  crystals  by  direct  mixing. 

Although  the  crystal  size  depends  upon  the  concentration,  the 
habit  is  only  slightly  affected. 

A  considerable  number  of  crystals  were  prepared  and  electron 
micrographs  taken.  When  the  habit  of  the  crystals  was  com¬ 
pared  with  that  observed  for  micro-  and  macroscopic  crystals, 
good  agreement  was  observed. 

Calculations  for  a  typical  reaction  indicate  that  quantities  of 
the  order  of  10~7  gram  of  silver  ion  can  be  detected  in  reaction 
with  a  0.1  M  potassium  chromate  solution.  The  theoretical 
limitation  is  approximately  10-8  or  10^ 9  gram  of  silver  ion  in  the 
same  reaction. 

Electron  diffraction  analysis  is  utilized  to  help  in  identification 
of  the  crystal. 

The  application  of  the  electron  microscope  to  chemical  micros¬ 
copy  is  suggested.  A  useful  role  may  be  expected,  especially  in 


the  study  of  precipitates  which  are  not  perceptible  under  the 
optical  microscope.  The  practical  details  of  individual  reactions 
have  yet  to  be  developed.  They  would  include  a  study  of  con¬ 
centration  limits,  interferences,  trials  in  the  identification  of  real 
unknowns,  etc. 
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An  Automatic  Differential  Manometer 

D.  J.  LeROY 

Department  of  Chemistry,  University  of  Toronto,  Toronto,  Canada 


THE  problem  of  measuring  small  pres¬ 
sure  changes  in  gaseous  reactions  has 
always  presented  considerable  difficulty 
to  the  physical  chemist.  The  McLeod 
gage  has  probably  been  used  more  than 
any  other  instrument  for  this  purpose  but 
it  can  be  used  only  at  relatively  small  to¬ 
tal  pressures.  Bourdon  and  spoon  gages 
have  been  used  in  many  cases  but  they  are 
of  necessity  very  fragile  if  pressure  changes 
of  the  order  of  0.01  mm.  are  to  be  de¬ 
tected.  In  the  opinion  of  the  author  the 


reasons:  (1)  the  turning  of  the  stopcock 
communicated  unde  sirable  vibrations  to 
the  mercury  surfaces;  (2)  it  was  difficult 
to  adjust  the  pressure  in  Tz  to  the  correct 
value  manually;  and  (3)  it  would  be  a 
great  advantage  to  be  able  to  read  the 
pressure  at  any  time  without  having  to 
manipulate  the  controls. 

The  gage  in  its  present  form  is  illus¬ 
trated  in  Figure  1.  It  is  similar  in  con¬ 
struction  to  that  of  Blacet  et  al.  ( 1 ,  2) 
with  the  exception  of  the  automatic  fea¬ 
ture  and  a  few  minor  changes. 


The  author  describes  a  gage  for 
measuring  pressure  changes  with 
an  accuracy  of  0.01  mm.  when 
the  total  pressure  is  50  mm.  or 
more.  The  sensitivity  of  the  in¬ 
strument  is  independent  of  the 
total  pressure  and  mercury  is  used 
as  the  confining  liquid.  Pressure 
changes  are  read  directly  off  a  scale 
graduated  in  millimeters. 


most  satisfactory  differential  manometer  for  general  laboratory 
use  is  that  due  to  Pearson  (4).  It  has  the  advantage  of  using 
mercury  as  the  confining  liquid  and  its  sensitivity  is  independ¬ 
ent  of  the  total  pressure. 

The  principle  on  which  the  gage  operates  is  simple.  Consider 
three  vertical  glass  tubes,  Tx,  T2j  and  T3,  joined  together  at  the 
bottom  and  containing  mercury.  If  T,  is  evacuated  and  T2  is 
connected  to  the  system  whose  pressure  changes  are  to  be 
measured,  and  if  hX)  h2,  and  h3  are  the  corresponding  heights  of 
the  mercury  above  a  fixed  horizontal  plane,  then  the  pressure  in 
the  system  is  obviously  hx  —h>.  Furthermore  if,  by  some  method, 
we  are  to  maintain  level  hx  constant,  any  change  in  pressure  in  the 
system  must  be  compensated  by  a  pressure  change  in  tube  T3. 
Since  there  is  a  fixed  amount  of  mercury  in  the  gage,  A h3/  —  Ah2 
must  be  equal  to  (c^/ cf3) 2,  where  d2  and  d3  are  the  internal  di¬ 
ameters  of  tubes  T2  and  T3,  respectively;  or  A p  =  (ds/dd2  X 
A h3,  where  p  is  the  gas  pressure  in  T2.  In  practice  d2  may  be  20 
to  25  mm.  and  d3  1  to  2  mm.  The  pressure  change  in  T2  can  thus 
be  magnified  several  hundred  times.  The  two  limiting  factors  are 
the  method  of  indicating  a  constant  level  in  Tx  and  the  method 
of  controlling  the  pressure  in  T3. 


Blacet  and  his  associates  ( 1 ,  2)  have  used  this  type  of  gage 
successfully  in  their  work  on  photochemical  gas  reactions.  The 
correct  height  of  the  mercury  in  Tx  was  indicated  by  the  making 
and  breaking  of  an  electrical  contact  between  the  mercury  sur¬ 
face  and  a  fine  tungsten  ware,  the  circuit  being  completed  through 
a  second  tungsten  wire  sealed  through  the  tube  below  the  mer¬ 
cury  surface.  The  pressure  in  T3  was  controlled  manually  by 
turning  a  three-way  stopcock,  either  evacuating  or  admitting  air 
to  a  large  ballast  volume  at  the  top  of  T3.  In  the  author’s  ex¬ 
perience  this  method  of  control  was  unsatisfactory  for  three 


The  tungsten  needle,  IF,  was  made  from  a  piece  of  1-mm 
diameter  wire  shaped  to  a  fine  point  by  treatment  with  sodium 
nitrite.  Accurate  centering  of  the  needle  was  facilitated  by 
sealing  it  as  shown  into  a  10/30  ground  joint  lubricated  with 
Apiezon  N  grease.  The  two  electrical  contacts  were  connected 
to  a  vacuum  tube  relay  of  the  type  described  by  Serfass  (5). 
No  time  delay  was  used.  The  relay  operated  a  fixed  solenoid,  S. 
When  the  solenoid  is  actuated  the  glass-enclosed  iron  plunger  is 
raised  and  air  enters  the  500-cc.  bulb,  B,  through  the  thin  Alun- 
dum  disk,  D,  sealed  to  the  bottom'  of  the  6-mm.  diameter  Pyrex 
tube.  When  the  relay  current  is  cut  off  the  plunger  falls,  shutting 
off  the  air  supply.  The  success  of  the  instrument  is  largely  due 
to  the  needle  valve,  A',  which  controls  the  rate  of  evacuation. 
After  some  investigation  Hoke  high-vacuum  valve  No.  318  was 
found  to  be  most  satisfactory. 

For  a  porous  disk,  D,  of  fixed  dimensions  and  with  continuous 
pumping  through  N  (a  Hyvac  pump  was  used)  there  is  an 
equilibrium  pressure  for  B  where  the  rate  at  which  air  enters 
through  D  is  equal  to  the  rate  at  which  it  is  pumped  out  through 
N.  If  this  equilibrium  pressure  happens  to  be  in  the  range  where 
the  gage  is  supposed  to  operate,  control  will  be  impossible.  Con¬ 
sequently,  it  is  necessary  to  adjust  N  so  that  the  rate  at  which  air 
is  pumped  away  will  be  somewhat  less  than  the  rate  at  which  it 
can  enter  (with  D  open)  over  the  whole  range  of  pressures  to  be 
encountered.  If  the  pressure  change  during  an  experiment  is 
large,  an  occasional  slight  adjustment  of  the  needle  valve  will 
assure  control  at  all  times.  In  most  of  the  author’s  experiments 
no  readjustment  was  necessary. 

In  one  model  T2  was  approximately  22  mm.  and  T3  2.0  mm. 
in  inside  diameter.  T,  was  calibrated  over  a  range  of  100  mm.  be¬ 
fore  sealing  it  into  the  apparatus.  Since  the  pressure  change  in 
the  system  during  a  run  was  only  of  the  order  of  1  mm.,  the  value 
of  d-i  would  remain  practically  constant.  T3  was  calibrated  over 
a  range  of  about  300  mm.,  corresponding  to  a  pressure  in  B  of 
from  250  to  550  mm.  For  a  nonuniform  bore  the  expression  for 

the  pressure  change  becomes  Ap  =  J  3  , — —  where  the 
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integral  is  taken  over  the  range  of  variation  of  h3,  from  the  value 
at  the  beginning  of  the  run  to  the  value  at  the  time  of  observation. 
Although  the  internal  diameter  of  T i  does  not  appear  in  the  ex¬ 
pression  for  A p,  its  value  does  affect  the  behavior  of  the  instru¬ 
ment.  Since  the  mercury  level  in  T\  continually  fluctuates  as 
contact  with  the  needle  is  made  and  broken,  it  is  desirable  to  have 
di  small  to  avoid  large  fluctuations  in  h3;  however,  if  it  is  too  small 
the  mercury  will  have  a  tendency  to  stick,  and  if  it  is  too  large, 
vibrations  on  the  mercury  surface  will  be  serious.  In  the  instru¬ 
ment  described  here  <h  was  approximately  18  mm.  in  inside 
diameter. 

The  only  other  dimension  that  need  be  mentioned  is  the  dis¬ 
tance  from  the  tip  of  the  needle,  W,  to  the  top  of  the  mercury 
surface  in  R.  This  was  approximately  800  mm.,  so  that  only  a 
slight  pressure  had  to  be  applied  to  bring  the  mercury  in  contact 
with  the  needle  before  closing  P,  as  described  below.  Valve  N 
and  the  U-tube  and  solenoid  can  be  placed  in  any  convenient 
position.  The  construction  of  the  top  of  bulb  B  is  such  as  to  pre¬ 
vent  mercury  from  capillary  T3  from  getting  on  top  of  the 
Alundum  disk,  D,  or  into  valve  N  through  an  accidental  large  in¬ 
crease  in  pressure  in  the  system.  When  not  in  use  the  manometer 
was  isolated  from  the  rest  of  the  system  by  a  mercury  cutoff. 

PROCEDURE 

By  connecting  reservoir  R  to  a  vacuum  line  by  means  of 
the  three-way  stopcock  the  mercury  level  in  Ti  and  T2  is  brought 
down  to  a  point  somewhat  below  the  junction  of  these  two  tubes. 
Stopcock  P  is  open.  T3  and  T2  are  then  evacuated  and  flamed,  if 
necessary,  together  with  the  remainder  of  the  system  connected 
to  the  top  of  TV  When  a  stable  vacuum  of  10 “5  to  10 ~6  mm. 
is  attained,  the  mercury  is  admitted  to  T i  and  T2  by  connecting 
the  three-way  stopcock  to  the  atmosphere.  The  gas  is  then  intro¬ 


duced  into  the  reaction  system  at  the  desired  pressure,  forcing 
the  mercury  down  in  1\  and  up  in  TV  The  pressure  in  B  is 
adjusted  until  the  mercury  level  in  T3  is  in  a  suitable  part  of  the 
tube.  By  means  of  an  aspirator  bulb  connected  to  the  three-way 
stopcock  on  R  the  mercury  level  in  Ti  is  raised  until  it  coincides 
approximately  with  the  tip  of  the  needle.  Stopcock  P  is  now 
closed  and  the  relay  circuit  switched  on.  When  the  needle  valve 
is  properly  adjusted  the  gage  is  completely  automatic.  The 
mercury  in  T3  will  rise  or  fall  until  contact  is  made  in  TV  Small 
vibrations  on  the  mercury  surface  cause  the  relay  to  go  on  and 
off  a  hundred  or  more  times  a  minute,  but  the  level  in  T3  remains 
sensibly  constant  to  within  a  fraction  of  a  millimeter.  The  posi¬ 
tion  of  the  mercury  in  T3  is  noted  and  the  run  can  then  be  started. 
Subsequent  changes  in  h3  are  related  to  pressure  changes  in  the 

d32 

reaction  system  by  the  relation  Ap  =  —r  X  A h3  or,  if  T3  is  not 

Ct2 


uniform,  A p  = 


f  d32  X  dh3 


The  use  of  this  type  of  gage  by  the  author  has  already  been  re¬ 
ferred  to  (3).  Its  use  in  other  researches  as  well  has  shown  it  to 
be  almost  indispensable  in  the  investigation  of  gaseous  reactions 
involving  small  pressure  changes.  The  maximum  value  of 
[di/di)2  used  so  far  is  about  100,  although  larger  ratios  could  be 
used  ( 1 ,  2). 

Temperature  changes  must,  of  course,  be  taken  into  considera¬ 
tion  if  the  measurements  are  to  have  any  meaning.  The  author 
has  done  this  in  two  ways:  (1)  by  immersing  the  system,  not  in¬ 
cluding  the  manometer,  in  a  thermostatically  controlled  bath, 
and  (2)  by  observing  the  temperature  of  the  system  at  the  time  of 
each  pressure  reading  and  making  the  necessary  corrections.  In 
addition  to  actual  pressure  changes  in  the  system  due  to  its 
temperature,  the  manometer  itself  is  subject  to  an  error  resulting 
from  the  change  in  volume  of  the  mercury.  The  magnitude  of 
this  latter  error  can  be  calculated  as  follows: 

If  Vo  is  the  volume  of  mercury  in  the  gage  (not  including  that  in 
reservoir  R)  when  the  pressure  in  the  system  is  zero  and  if  V  is  the 
corresponding  volume  when  the  pressure  is  p  cm.,  then 


V  =  Vo  —  pA2 


where  A2  is  the  cross-sectional  area  of  TV  The  increase  in  h3  for 
a  temperature  increase  At  is  the  sum  of  two  quantities  resulting 
from  the  increase  in  volume  of  the  mercury  and  the  decrease  in 
the  density  of  the  mercury  in  a  column  of  length  p.  The  first 

1  dV - - -  -  A*  ~  P  dV  x  A( 


quantity  is  ~dt  *  anc*  ^le  secon<^  is  -j-  X  y 


dt 


dV 

For  mercury  =  1.8  X  10  4  V 


Therefore 


dh, 

dt 


1.8  X  10- 


(V  +  pA2) 


1.8  X  10  ~4  Fp 
A3 


In  the  manometer  described  here  V0  was  approximately  115  cc. 
and  A3  0.03  sq.  cm.,  the  error  in  h3  due  to  a  change  in  temperature 
of  the  mercury  is  about  6.6  mm.  per  degree,  corresponding  to  a 
pressure  error  of  approximately  0.08  mm.  per  degree.  It  follows 
that  the  temperature  of  the  manometer  must  not  be  permitted  to 
change  more  than  a  few  tenths  of  a  degree  during  the  course  of  a 
run  and  that  the  volume  of  mercury  must  be  kept  at  a  minimum. 
The  latter  is  accomplished  by  using  small-diameter  tubing  in  all 
places  except  in  the  part  of  7\  adjacent  to  the  tip  of  the  needle 
and  in  the  part  of  T2  covering  the  range  of  pressures  to  be  en¬ 
countered. 
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Correction.  The  article  “Microdetermination  of  Carbon  and 
Hydrogen”  by  Ralph  O.  Clark  and  Gordon  H.  Stillson  [Ind. 
Eng.  Chem.,  Anal.  Ed.,  17,  520  (1945)]  was  presented  at  the 
107th  Meeting  of  the  American  Chemical  Society,  Cleveland, 
Ohio,  and  not  at  the  New  York  Meeting,  as  stated  in  the  footnote. 
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Because  the  presence  of  iron  as  marmatite  in  sphalerite  may  cause 
serious  loss  of  zinc,  knowledge  of  the  amount  of  iron  remaining  after 
flotation  is  important.  Difficulty  in  collecting  samples  of  pure 
sphalerite  made  desirable  application  of  micromethods  to  the  analy¬ 
sis  of  six  samples  of  sphalerite  from  the  Kristineberg  mine  in  Sweden, 
varying  in  color  from  pale  yellow  to  brown,-  the  procedure  used  is 
presented  here  in  detail.  The  iron  content  was  found  to  vary  from 
1  to  8.5%,  corresponding  to  a  variation  of  65  to  58%  in  zinc  con¬ 
tent.  The  normal  composition  of  sphalerite  from  the  Kristineberg 
mine  is  approximately  64%  zinc,  2.5%  iron,  0.2%  cadmium,  and 
33%  sulfur. 


THE  analytical  work  reported  in  this  paper  was  part  of  an 
unpublished  investigation  at  the  Kristineberg  mine  made  by 
T.  Du  Rietz.  Knowledge  of  the  chemical  composition  of  the 
purest  sphalerite  which  might  be  separated  from  the  ore  by  me¬ 
chanical  means  (flotation)  is  of  obvious  practical  interest.  Great 
difficulty  was  experienced,  however,  in  collecting  samples  of 
reasonably  pure  sphalerite  from  the  ore,  and  it  became  advisable 
to  apply  micromethods  of  chemical  analysis  to  0.08-  to  0.03-gram 
samples. 

The  sphalerite  in  the  ore  of  the  Kristineberg  mine  shows  grada¬ 
tion  of  color  from  a  bright  yellow  transparent  type  to  an  opaque 
brown  type.  Pyrrhotite,  FenS«+ 1,  is  very  rare  in  the  Kristine¬ 
berg  ore,  but  the  sphalerite  may  contain  minute  inclusions  of  py- 
rite,  FeS2,  and  may  hold  relatively  large  amounts  of  iron  in  the 
form  of  marmatite,  a  solid  solution  of  ferrous  sulfide  in  zinc  sul¬ 
fide.  Iron  present  as  marmatite  has  a  pronounced  tendency  to 
form  zinc  ferrite,  Zn0.Fe203  during  the  roasting  of  the  sphalerite 
and  to  cause  serious  losses  of  zinc  due  to  the  insolubility  of  the 
ferrite  in  the  subsequent  extraction  of  the  roasted  ore  with  sul¬ 
furic  acid.  Consequently,  knowledge  of  the  amount  of  iron  re¬ 
maining  in  the  sphalerite  after  separation  by  flotation  held  suf¬ 
ficient  interest  to  suggest  analysis  of  various  color  types  of  the 
sphalerite. 

SCHEME  OF  ANALYSIS  AND  SIZE  OF  SAMPLES 

Qualitative  spectrographic  analysis  of  six  samples  of  sphalerite 
by  Mr.  Alvfeldt  of  this  laboratory  indicated  the  desirability  of 
determining  the  quantities  of  silicon,  aluminum,  manganese,  cal¬ 
cium,  magnesium,  copper,  cadmium,  bismuth,  lead,  and  phos¬ 
phorus  in  addition  to  zinc,  sulfur,  and  iron.  Silver  and  arsenic 
were  found  in  such  small  quantities  as  to  eliminate  the  necessity 
of  their  quantitative  estimation;  this  left  thirteen  elements  need¬ 
ing  quantitative  determination. 

The  necessity  of  conserving  material  suggested  a  scheme  of 
analysis  permitting  the  determination  of  a  large  number  of  ele¬ 
ments  in  each  portion  of  the  sample.  The  minimum  size  of  each 
portion  of  sample  was  calculated  as  a  function  of  precision  require¬ 
ments  and  the  limitations  were  set  by  sample,  method,  and  meas¬ 
uring  devices  {2).  The  average  deviation  of  a  single  weighing 
with  the  available  Kuhlmann  balance  was  found  equal  to  =*=0.003 
mg.,  and  it  was  reasoned  that  all  the  determinations  required 
could  be  carried  out  on  three  portions  of  the  sample  as  outlined  in 
Table  I.  A  total  of  17  +  5+5  =  27  mg.  of  sphalerite  should  suf¬ 
fice  for  complete  analysis,  and  0.06  gram  of  sample  should  allow 
two  determinations  of  each  element. 


DETERMINATION  OF  SILICA,  COPPER,  BISMUTH,  ZINC,  IRON,  ALUMINA, 
CALCIUM  OXIDE,  AND  MAGNESIA 

A  brief  outline  of  the  scheme  of  analysis  is  given  in  Table  II. 
The  procedure  is  described  below,  followed  by  a  discussion  of  the 
reasons  for  certain  of  its  features. 

Solution  of  Sample  and  Determination  of  Silica.  Ap¬ 
proximately  15  mg.  of  the  sample  are  accurately  weighed  in  a  5-ml. 
microbeaker  of  chemically  resistant  glass  (3).  The  beaker  is  cov¬ 
ered  with  a  watch  glass  or  glass  bulb,  and  its  contents  are  treated 
with  0.5  ml.  of  12  molar  hydrochloric  acid  (sp.  gr.  1.19)  and  heated 
on  the  steam  bath.  When  the  reaction  ceases,  0.01  ml.  of  14.5 
molar  nitric  acid  (sp.  gr.  1.40)  is  added,  and  the  heating  is  con¬ 
tinued  for  a  few  more  minutes.  Then  the  cover  is  rinsed  and  re¬ 
moved,  and  the  contents  of  the  beaker  are  evaporated  to  dryness. 
The  residue  is  treated  with  0.2  ml.  of  7.3  molar  hydrochloric  acid 
(sp.  gr.  1.12).  Evaporation  to  dryness  is  repeated,  whereupon 
the  beaker  and  contents  are  heated  30  minutes  at  105°  C.  for  de¬ 
hydration  of  the  silica.  After  cooling  to  room  temperature,  0.1 
ml.  of  7.3  molar  hydrochloric  acid  is  added  to  the  residue,  which 
is  heated  on  the  steam  bath  for  a  few  minutes  and  then  diluted 
by  adding  0.5  ml.  of  hot  water. 

After  brief  heating  on  the  steam  bath,  the  contents  of  the 
beaker  are  filtered  through  a  filter  stick  with  a  paper  mat  as 
described  by  Schwarz-Bergkampf  (3,  22).  The  washing  is  per¬ 
formed  with  1  ml.  of  0.1  molar  hydrochloric  acid  and,  finally,  with 
2  ml.  of  hot  water.  Filter  stick  and  interior  of  beaker  are  wiped 
with  filter  paper  in  order  to  collect  all  the  insoluble  residue,  Rl. 
The  smallest  possible  amount  of  filter  paper  must  be  used,  and 
its  total  area  must  be  known,  so  as  to  be  able  to  correct  for  the 
ash  introduced.  The  filter  mat  and  all  the  paper  used  in  wiping 
are  transferred  to  a  platinum  crucible  of  approximately  3-ml.  capac¬ 
ity.  The  paper  is  ashed,  and  the  contents  of  the  crucible  are 
ignited.  After  weighing  the  crucible  with  the  ignited  residue, 
Rl,  the  latter  is  treated  with  hydrofluoric  acid  and  sulfuric  acid 
for  the  volatilization  of  silicon  fluoride.  The  contents  of  the  cru¬ 
cible  are  evaporated  to  dryness.  After  ignition  the  crucible  is 
again  weighed.  The  difference  in  weight  is  corrected  for  the 
amount  of  silica  found  in  the  blank,  and  is  then  taken  to  represent 
the  amount  of  silica  in  the  material. 

The  residue,  R2,  which  is  left  in  the  platinum  crucible,  is  fused 
with  a  small  amount  of  sodium  carbonate.  The  melt  is  dissolved 
in  just  enough  dilute  hydrochloric  acid  to  give  an  acid  reaction, 
and  the  solution  is  added  to  filtrate  FI. 

Precipitation  of  Hydrogen  Sulfide  Group.  After  the 
solution  of  R2  is  added,  filtrate  Fl  is  treated  with  0.3  ml.  of  7.3 
molar  hy  drochloric  acid  and  then  diluted  with  water  to  a  volume 
of  5  ml.,  so  as  to  make  the  concentration  of  the  hydrochloric  acid 


Table  I.  General  Scheme  of  Analysis 


Sample 

Constitu¬ 

ent 

Approximate 
Percentage  in 
Sample  and 
Permitted 
Maximum 

Minimum 
Sample 
Required 
to  Give 
Desired 

Taken, 

Deter¬ 

Variation  of 

Method  of 

Precision, 

Mg. 

mined 

Findings 

Determination 

Mg. 

17  or 

SiOs 

0.5 

±  0.1 

Weighing  SiC>2 

17 

more 

AhOa 

0.5 

±  0.1 

Weighing  Al(C9HeNO)3 

2 

CaO 

0.5 

±  0.1 

Weighing  CaC204.H20 

6 

MgO 

0.5 

±  0.1 

Weighing  MgNH4P04 . 6H2O 

3 

Zn 

50.0 

±  0.25 

Weighing  ZnNHjPC>4 

5 

Fe 

2.0 

±  0.1 

Weighing  Fe(C9HeNO)3 

2 

Cu 

0.2 

±0.02 

Iodometric  titration 

5 

Bi 

0.05 

±  0.005 

Bil3,  colorimetrically 

16 

5  or 

S 

30.0 

±0.25 

Weighing  BaS(>4 

2 

more 

PaOa 

0.5 

±  0.1 

Weighing  (NH4)3P04 . 12M0O3  0.7 

MnO 

0.02 

±  0.002 

MnC>4  ,  colorimetrically 

5 

5  or 

Cd 

0.2 

±  0.02 

Polarographically 

5 

more 

Pb 

0.2 

±  0.02 

Polarographically 

5 
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Table  II. 


SiF4‘ 


Residue  R 4, 
sulfur  and  some 
sulfide 


in  the  solution  equal  to  0.6  molar.  The  solution  is  then  heated 
on  the  steam  bath.  Hydrogen  sulfide  is  bubbled  through  the  hot 
solution  by  means  of  a  fine  capillary  of  0.1-mm.  bore  (3),  and  the 
solution  is  saturated  with  the  gas  while  it  is  allowed  to  cool  to 
room  temperature.  The  precipitation  requires  5  to  10  minutes. 
Filtrate  F  3  is  sucked  off 
through  a  glass  filter  stick  pro¬ 
vided  with  a  mat  of  filter  paper  ■ 

(3,  22).  The  capillary  supply¬ 
ing  the  hydrogen  sulfide  and 
the  microbeaker  are  washed 
with  dilute  (0.3  molar)  hydro¬ 
chloric  acid  which  has  been 
saturated  with  hydrogen  sul¬ 
fide.  Filtrate  F3  and  washings 
are  collected  in  a  microbeaker 
of  10-ml.  capacity  and  im¬ 
mediately  transferred  to  a 
steam  bath  and  evaporated  to 
dryness. 

Precipitate  P3,  which  may 
contain  some  zinc  and  iron,  is 
dissolved  as  follows:  The 
capillary  supplying  the  hy¬ 
drogen  sulfide  is  wiped  with  a 
small  square  of  filter  paper 
to  collect  any  precipitate 
adhering  to  the  paper,  which 
is  then  placed  in  the  micro¬ 
beaker  containing  precipitate 
P3  and  the  filter  stick  with  its 
paper  mat  still  in  place.  One 
milliliter  of  3  molar  nitric  acid 
(sp.  gr.  1.10)  is  introduced  into 
the  microbeaker,  which  is  then 
heated  on  the  steam  bath  un¬ 
til  all  the  precipitate  is  dis¬ 
solved.  The  solution,  E4,  is 
sucked  through  the  filter  stick 
and  collected  in  another  micro¬ 
beaker.  Transfer  of  the  extract 
is  made  complete  by  washing 
with  hot  water.  The  paper 
mat  of  the  filter  stick  and  the 
piece  of  filter  paper  remaining 
in  the  microbeaker  are  trans¬ 
ferred  to  a  porcelain  crucible 
together  with  residue  R4, 
mostly  sulfur,  transfer  of  which 
is  made  complete,  if  necessary, 
by  wiping  the  filter  stick  and 
interior  of  the  beaker  with  a 
small  square  of  filter  paper. 

Extract  E4  and  washings  are 
evaporated  to  dryness  so  as  to 
eliminate  most  of  the  nitric 
acid,  and  the  residue  is  dis¬ 
solved  in  5  ml.  of  0.6  molar  hy¬ 
drochloric  acid.  The  solution 
is  treated  with  hydrogen  sul¬ 
fide,  and  precipitate  and  solu¬ 
tion  are  separated  and  col¬ 
lected  as  described  above.  Fil¬ 
trate  F 5  is  received  in  the 
microbeaker  containing  the 
residue  from  the  evaporation  of 
filtrate  F 3,  and  the  combined 
filtrates  and  washings  are  im¬ 
mediately  evaporated  nearly  to 
dryness  in  order  to  remove  the 
hydrogen  sulfide  and  most  of 
the  hydrochloric  acid. 

Determination  of  Copper 
and  Bismuth  in  Sulfide  Pre¬ 
cipitate.  The  paper  mat  con¬ 
taining  most  of  precipitate  P5 
is  transferred  to  the  porcelain 
crucible  in  which  residue  R4  has 
been  collected.  If  necessary, 
the  transfer  of  precipitate  P5  is 
made  complete  by  the  use  of  a 
small  square  of  filter  paper.  A 
small  amount  of  the  precipitate 
may  remain  behind  in  the  mi¬ 
crobeaker.  The  contents  of 
the  crucible  are  ashed  and  ig¬ 


nited.  Any  precipitate  which  may  have  remained  in  the  micro¬ 
beaker  is  dissolved  by  heating  with  a  small  volume  of  dilute  nitric- 
acid.  The  solution  is  transferred  to  the  crucible  containing  the  ig¬ 
nited  residue.  The  contents  of  the  crucible  are  heated  on  the 
steam  bath  and  then  evaporated  to  dryness.  The  residue  is  dis- 


Scheme  for  Determination  of  Silica,  Alumina,  Iron,  Calcium,  Magnesium, 
Copper,  Bismuth,  and  Zinc 

Approximately  17  mg.  of  sphalerite 
heated  with  HC1  and  HNO3 


Insoluble  residue  R 1 
evaporated  with  HF 

I 

Residue  R2  Filtrate  FI 

fused  with  Na-jCCb,  dissolved  in  - - - -  treated  with  H:S 

HC1,  solution  combined  with  FI 


Precipitate  P3, 
sulfides,  extracted  with  HN03 


Extract  E 4 
treated  with  HjS 


/ 


Precipitate  P 5, 
sulfides 


Filtrate  F 5 


Filtrate  F 3 


Combined,  ashed,  ignited,  resi¬ 
due  dissolved  in  HNCL;  solu¬ 
tion  used  for  iodometric  titra¬ 
tion  of  copper  and  colorimetric 
estimation  of  bismuth 


Combined,  and  after  adjusting 
pH  treated  with  H>S 


Precipitate  P 6, 
zinc  sulfide,  dissolved  in 
HC1  and  reprecipitated 
with  HoS 


Precipitate  P 7, 

zinc  sulfide,  dissolved  in  acid; 
solution  used  for  gravimetric 
determination  of  zinc 


Precipitate  P 8, 
hydrates  of  mixed  oxides,  dis¬ 
solved  in  HC1  and  reprecipitated 
with  NHj 

I 

Precipitate  P9, 

hydrates  of  mixed  oxides,  dis¬ 
solved,  solution  treated  with 
tartaric  acid,  NH3,  and  H2S 


Filtrate  F 7 


Filtrate  F 6 


Combined,  oxidized  with  bro¬ 
mine,  treated  with  NH3 


Filtrate  F9 


Filtrate  F 8 


Combined,  treated  with  oxalate, 
filtered,  and  reprecipitated 


Precipitate  P10, 
ferrous  sulfide,  dis¬ 
solved  in  HC1,  oxi¬ 
dized  with  H2O2,  iron 
precipitated  as  oxi- 
nate  and  weighed 


Filtrate  F10, 
aluminum,  precipi¬ 
tated  as  oxinate  and 
weighed 


Residue  P12, 
silica  and  carbon, 
rejected 


Precipitate  Pll, 
calcium  oxalate,  dried 
and  weighed 


Filtrate  Fl  1, 
evaporated  with 
HNOs  and  H2SO.,, 
residue  extracted  with 
HC1 


Extract  E 12, 

gravimetric  determination  of 
magnesia  as  magnesium  am¬ 
monium  phosphate  hexahydrate 
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solved  in  5  cu.  mm.  of  14.5  molar  nitric  acid.  The  solution  is 
■diluted  with  0.5  ml.  of  hot  water.  It  is  first  made  slightly  am- 
moniacal,  then  acidified  with  acetic  acid,  treated  with  potassium 
iodide  and  starch  solution,  and  titrated  with  0.01  N  sodium  thio¬ 
sulfate  as  described  in  a  previous  publication  for  the  determina¬ 
tion  of  copper  ( 3 ,  16). 

If  a  significant  amount  of  bismuth  is  present,  the  solution  will 
be  distinctly  yellow  when  the  end  point  is  reached  in  the  titration 
of  the  copper.  The  solution  is  used  for  the  colorimetric  estima¬ 
tion  of  bismuth.  If  there  is  a  precipitate  of  cuprous  iodide,  the 
solution  is  passed  through  a  filter  stick  into  a  beaker  and  then 
■diluted  to  a  volume  of  5  ml.  As  a  rule,  however,  the  small 
amount  of  precipitate  is  held  in  solution  by  the  excess  of  potas¬ 
sium  iodide  present,  and  the  bismuth  may  be  determined  im¬ 
mediately  after  diluting  to  5  ml. 

Precipitation  of  Zinc  Sulfide  and  Determination  of 
Zinc.  The  residue  from  the  evaporation  of  the  combined  fil¬ 
trates,  F 3  and  F 5,  is  dissolved  in  1  ml.  of  0.5  molar  sulfuric  acid. 
The  solution  is  treated  with  methyl  red  and  then  with  dilute  am¬ 
monia  until  the  color  changes  to  yellow.  The  red  coloration  is 
then  restored  by  adding  1.8  molar  sulfuric  acid  from  a  calibrated 
■capillary  pipet  which  has  a  capacity  of  5  cu.  mm.  for  each  1-cm. 
length.  The  acid  is  added  in  small  portions  until  the  color  change 
takes  place;  a  small  excess  of  the  acid  is  permissible,  but  it  must 
not  exceed  8  cu.  mm.  The  clear  solution  is  then  diluted  with 
water  to  a  volume  of  6  to  8  ml.,  and  a  fast  stream  of  hydrogen  sul¬ 
fide  is  bubbled  through  the  cold  solution  for  10  minutes  by  means 
■of  a  fine  capillary  of  0.1-mm.  bore.  The  mixture  is  allowed  to 
stand  approximately  5  minutes,  until  the  precipitate  has  settled 
■out.  The  solution  is  then  removed  through  a  filter  stick  with 
paper  mat.  The  capillary  supplying  the  hydrogen  sulfide,  the 
beaker,  and  the  precipitate  are  washed  with  1  ml.  of  cold  water. 
Filtrate  FQ  and  washings  are  evaporated  to  a  volume  of  1  to  2  ml. 

Any  precipitate,  P6,  adhering  to  the  capillary  supplying  the 
hydrogen  sulfide  is  dissolved  in  hot  4  molar  hydrochloric  acid, 
which  is  allowed  to  flow  into  the  beaker  containing  the  filter 
stick  with  the  precipitate.  Altogether  from  1  to  2  ml.  of  the  hy¬ 
drochloric  acid  are  introduced  into  the  beaker,  which  is  then 
placed  on  the  steam  bath  and  heated  until  the  precipitate  ,has 
completely  dissolved.  The  solution  is  drawn  off  through  the 
filter  stick  into  another  microbeaker,  and  the  transfer  is  made 
complete  by  washing  with  hot  1  molar  hydrochloric  acid.  If  it 
seems  desirable,  the  precipitation  of  the  zinc  sulfide  is  re¬ 
peated,  and  the  resulting  filtrate,  F 7,  is  combined  with  filtrate 
F 6.  The  reprecipitated  zinc  sulfide,  P7,  is  dissolved  in  hydro¬ 
chloric  acid  as  described  for  P6.  The  paper,  forming  the  mat  of 
the  filter  stick  which  was  used  for  the  filtration  of  the  zinc  sulfide 
precipitates,  is  ashed  and  ignited.  The  residue  is  dissolved  in  a 
drop  of  12  molar  hydrochloric  acid,  and  the  solution  is  added  to 
the  solution  of  the  zinc  sulfide  precipitate,  which  is  to  be  used  for 
the  determination  of  zinc. 

The  solution  containing  all  the  zinc  is  evaporated  almost  to 
dryness  to  make  certain  of  the  elimination  of  the  hydrogen  sul¬ 
fide.  The  residue  is  dissolved  in  0.5  ml.  of  0.1  molar  hydrochloric 
acid  and  the  solution  is  transferred  with  the  use  of  not  more  than 
1.5  ml.  of  water  to  a  microbeaker  which  has  been  weighed  to¬ 
gether  with  its  filter  stick.  Methyl  red  is  added  for  an  indicator, 
and  ammonia  is  added  until  the  color  of  the  solution  changes  to 
yellow.  The  red  coloration  is  then  just  restored  by  adding  small 
portions  of  dilute  hydrochloric  acid;  any  precipitate  formed  by 
the  ammonia  will  dissolve.  The  solution  is  treated  with  0.1  gram 
of  solid  ammonium  chloride,  and  water  is  added  to  make  the  vol¬ 
ume  equal  to  3  ml.  While  the  solution  is  heated  on  the  steam 
bath,  a  10%  solution  of  diammonium  hydrogen  phosphate  is 
slowly  added.  The  total  volume  of  the  reagent  is  chosen  so  that 
0.2  ml.  is  added  for  each  milligram  of  zinc  present. 

The  mixture  is  then  heated  for  15  minutes  on  the  steam  bath, 
and  by  that  time  the  originally  gelatinous  precipitate  will  have 
become  crystalline.  After  heating  for  15  more  minutes,  the  beaker 
is  taken  from  the  steam  bath  and  its  contents  are  allowed  to  cool 
to  room  temperature.  The  solution  is  drawn  off  through  the  fil¬ 
ter  stick,  and  the  precipitate  is  washed  with  four  1-ml.  portions 
of  hot  1%  diammonium  hydrogen  phosphate  solution  and  then 
with  four  1-ml.  portions  of  cold  water.  The  precipitate  is  dried 
for  1  hour  at  100°  to  105°C.inthe  drying  block  (3),  and  weighed 
as  ZnNH4P04. 

Isolation  of  Aluminum  and  Iron.  The  combined  filtrates 
F 6  and  F 7,  are  evaporated  to  a  volume  of  1  to  2  ml.,  and  bromine 
is  added  to  oxidize  all  the  iron  to  the  ferric  state.  The  bromine 
vapor  is  allowed  to  flow  from  the  bottle  into  the  microbeaker, 
the  contents  of  the  latter  being  swirled  from  time  to  time,  until 
an  excess  of  bromine  is  indicated  by  the  color  of  the  solution. 
The  beaker  is  then  placed  on  the  steam  bath  and  a  stream  of  air, 
which  has  been  freed  from  carbon  dioxide,  is  blown  over  the  solu¬ 
tion  until  the  bromine  is  completely  removed.  Methyl  red,  0.3 
ml.  of  12  molar  hydrochloric  acid,  and  a  small  amount  of  paper 


pulp  are  added  to  the  solution,  which  is  diluted  with  water  to  a 
volume  of  5  ml.  The  hot  solution  is  treated  with  ammonia  until 
the  color  of  the  indicator  changes  to  yellow. 

The  precipitate  of  hydrated  oxides  is  allowed  to  settle,  where¬ 
upon  the  solution  is  removed  through  a  filter  stick  with  paper 
mat.  The  precipitate  is  washed  with  1  ml.  of  a  hot  2%  solution 
of  ammonium  chloride.  Filtrate  F 8  and  washings  are  evaporated 
on  the  steam  bath  to  a  volume  of  1  ml.,  while  precipitate  P8  is 
dissolved  in  0.6  ml.  of  6  molar  hydrochloric  acid.  The  solution  is 
sucked  through  the  filter  stick  into  another  microbeaker,  and  the 
transfer  is  made  complete  by  washing  with  4.5  ml.  of  hot  water. 
The  solution  is  precipitated  with  ammonia,  and  the  hydrated 
oxides  are  separated  from  the  solution  as  directed  above.  The 
filtrate  and  washings,  F9,  are  combined  with  the  concentrate  of 
filtrate  F 8,  and  the  combined  solutions  are  immediately  evapo¬ 
rated  to  a  volume  of  4  ml.  and  reserved  for  the  determination  of 
calcium  and  magnesium. 

Separation  and  Determination  of  Iron  and  Aluminum. 
Two  milliliters  of  2.5  molar  hydrochloric  acid  are  introduced  into 
the  beaker  containing  the  filter  stick  with  the  washed  hydrated 
oxides,  P9,  and  the  beaker  is  heated  on  the  steam  bath  until  the 
precipitate  appears  to  be  completely  dissolved.  The  solution  of 
PQ  is  then  transferred  through  the  filter  stick  into  another  mi¬ 
crobeaker,  and  the  transfer  is  made  quantitative  by  washing 
with  hot  2.5  molar  hydrochloric  acid.  The  paper  mat  of  the 
filter  stick,  which  has  been  used  in  the  two  filtrations  of  the  hy¬ 
drated  oxides,  and  the  paper  pulp  are  ashed  in  a  3-ml.  platinum 
crucible.  If  there  is  any  discernible  amount  of  ash  left  behind, 
it  is  fused  with  the  smallest  practical  quantity  of  sodium  car¬ 
bonate.  The  melt  is  dissolved  in  water  and  dilute  hydrochloric 
acid,  and  the  solution  obtained  is  added  to  the  main  portion  of 
the  solution  of  precipitate  P9. 

The  solution  of  the  hydrated  oxides,  P 9,  is  evaporated  to  a 
volume  of  approximately  0.5  ml.,  so  as  to  remove  most  of  the 
hydrochloric  acid,  then  diluted  with  water  to  a  volume  of  2  ml. 
and  treated  with  0.1  to  0.2  gram  of  tartaric  acid.  The  beaker  is 
placed  on  the  steam  bath  to  complete  solution  of  the  added  tar¬ 
taric  acid,  but  is  afterwards  again  cooled  to  room  temperature. 
The  cold  solution  is  saturated  with  hydrogen  sulfide,  treated  with 
an  excess  of  ammonia  (1  ml.  of  12  molar  ammonia  will  suffice), 
and  again  saturated  with  hydrogen  sulfide.  One  more  drop  of 
ammonia  solution  is  added,  and  then  the  precipitate  is  allowed  to 
settle.  The  capillary  supplying  the  hydrogen  sulfide  is  rinsed 
with  water  which  has  been  saturated  with  the  gas.  A  filter  stick 
with  a  mat  of  fritted  glass  is  used  for  separating  the  solution  from 
the  sulfide  precipitate.  Filtrate  P10  and  washings  are  collected 
in  a  microbeaker  which  has  been  weighed  together  with  a  porce¬ 
lain  filter  stick  provided  with  a  filter  disk  of  porous  porcelain  (S). 
The  sulfide  precipitate  is  washed  with  2  ml.  of  a  solution  contain¬ 
ing  3%  ammonium  tartrate  and  some  ammonium  sulfide. 

Aluminum  is  determined  in  filtrate  P10  without  delay.  Am¬ 
monia  is  added  to  the  solution  until  its  odor  is  distinctly  percep¬ 
tible.  The  microbeaker  with  the  solution  is  then  placed  on  the 
steam  bath,  and  while  its  contents  are  kept  in  swirling  motion, 
0.7  ml.  of  oxine  reagent  for  each  milligram  of  aluminum  is  slowdy 
added.  The  reagent  is  prepared  by  dissolving  0.1  gram  of  8- 
hydroxyquinoline  in  0.3  gram  of  glacial  acetic  acid  and  then  dilut¬ 
ing  with  2  ml.  of  water.  In  order  to  prevent  separation  of  the  8- 
hydroxyquinoline  from  the  solution,  the  contents  of  the  micro¬ 
beaker  are  again  treated  with  a  few  drops  of  6  molar  ammonia,  so 
that  the  odor  is  strongly  perceived.  Heating  on  the  steam  bath  is 
continued  for  10  minutes.  The  contents  of  the  beaker  are  treated 
with  a  few  more  drops  of  6  molar  ammonia,  and  the  solution  is 
drawn  off  through  the  filter  stick,  wThile  it  is  still  hot.  The  pre¬ 
cipitate  is  washed  with  six  0.5-ml.  portions  of  hot  water,  dried  at 
130°  C.  in  the  drying  block  (3),  and  weighed  after  coohng. 

The  precipitate  of  iron  sulfide,  P10,  is  dissolved  in  1  ml.  of  3 
molar  hydrochloric  acid,  which  is  first  used  to  dissolve  the  ferrous 
sulfide  adhering  to  the  capillary  supplying  the  hydrogen  sulfide 
and  to  rinse  it  into  the  microbeaker  containing  the  filter  stick 
with  the  main  portion  of  the  precipitate.  The  beaker  containing 
the  filter  stick  and  the  acid  is  briefly  heated  on  the  steam  bath, 
and  its  contents  are  treated  with  1  drop  of  3%  hydrogen  peroxide. 
The  solution  is  finally  transferred  through  the  filter  stick  to  a  mi¬ 
crobeaker  which  has  been  weighed  together  with  a  porcelain  fil¬ 
ter  stick.  The  transfer  is  made  complete  by  washing  with  hot  3 
molar  hydrochloric  acid. 

Determination  of  the  iron  requires  removal  of  the  excess  of 
acid.  Thus,  the  solution  containing  the  iron  is  evaporated  to  a 
volume  of  a  few  tenths  of  a  milliliter.  The  remaining  liquid  is 
treated  with  small  portions  of  2  molar  ammonia  until  the  precipi¬ 
tate  of  hydrated  ferric  oxide  no  longer  redissolves  on  mixing.  The 
precipitate  is  brought  into  solution  by  adding  1  drop  of  3  molar 
hydrochloric  acid.  The  microbeaker  is  then  placed  in  a  water 
bath  wffich  has  a  temperature  of  60°  C.,  and,  while  the  contents 
are  kept  in  a  swdrling  motion,  the  needed  amount  of  oxine  reagent 
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is  slowly  added;  0.5  ml.  of  this  solution  is  required  for  1  mg.  of 
iron.  While  the  temperature  of  60°  C.  is  maintained,  0.7  to  1.0 
ml.  of  50%  ammonium  acetate  solution,  which  has  been  made 
neutral  to  methyl  red,  is  added  to  the  contents  of  the  beaker  in 
the  water  bath.  If  more  than  2  mg.  of  iron  are  present,  from  1.0 
to  1.5  ml.  of  the  acetate  solution  are  added.  The  beaker  with 
the  precipitate  is  left  for  10  more  minutes  in  the  water  bath. 
After  removal,  the  beaker  and  its  contents  are  allowed  to  cool  for 
5  minutes,  the  solution  is  drawn  off  through  the  filter  stick,  and 
the  precipitate  is  washed  with  four  0.5-ml.  portions  of  hot  water 
and  then  dried  at  120°  to  130°  C.  in  the  drying  block  (3). 

Determination  of  Calcium.  The  microbeaker  containing 
combined  filtrates  F8  and  F 9  is  placed  on  the  steam  bath,  and 
its  contents  are  treated  with  methyl  red  and  0.5  ml.  of  a  3%  oxalic 
acid  solution.  Six  molar  ammonia  is  added  slowly  to  the  hot  solu¬ 
tion,  which  is  set  in  swirling  motion  from  time  to  time,  until  the 
color  of  the  indicator  changes  to  yellow.  The  solution  with  the 
precipitate  is  heated  for  5  to  10  more  minutes  on  the  steam  bath, 
then  set  aside  for  1  hour,  and  allowed  to  cool  to  room  tem¬ 
perature.  The  filtrate,  F 11,  is  removed  through  the  filter  stick, 
and  the  calcium  oxalate  is  washed  with  three  to  four  0.5-ml.  por¬ 
tions  of  cold  0.4%  solution  of  ammonium  oxalate  and  with  two 
0.3-ml.  portions  of  cold  water. 

The  calcium  oxalate  is  dissolved  by  heating  on  the  steam  bath 
with  0.5  ml.  of  3  molar  hydrochloric  acid.  The  solution  is  trans¬ 
ferred  through  the  filter  stick  to  a  microbeaker  which  has  been 
weighed  together  with  a  suitable  filter  stick.  The  transfer  is 
made  complete  by  washing  with  2  to  2.5  ml.  of  hot  water.  The 
calcium  is  again  precipitated  as  described  above.  The  solution  is 
drawn  off  through  the  filter  stick,  and  the  precipitate  is  washed 
as  before.  Filtrate  and  washings  are  combined  with  filtrate  Fll. 
The  precipitate  is  dried  at  105°  to  110°  C.  in  a  drying  block  and 
weighed  as  calcium  oxalate  monohydrate. 

Determination  of  Magnesium.  Filtrate  FI  1  is  evaporated  to 
dryness.  The  residue  is  treated  with  2  ml.  of  14.5  molar  nitric 
acid  and  heated  on  the  steam  bath  after  covering  the  opening  of 
the  microbeaker.  When  the  evolution  of  gas  ceases,  the  cover  is 
rinsed  into  the  beaker  and  removed.  The  contents  of  the  beaker 
are  again  evaporated  to  dryness.  The  residue  is  now  treated  with 
1  or  2  drops  of  18  molar  sulfuric  acid  (sp.  gr.  1.84),  the  excess  of 
which  is  driven  off  by  heating  while  blowing  a  stream  of  air  into 
the  microbeaker.  The  residue  is  dissolved  by  heating  on  the 
steam  bath  with  1  drop  of  3  molar  hydrochloric  acid  and  0.5  ml. 
of  water.  The  solution  is  transferred  through  a  filter  stick  into 
a  microbeaker  which  has  been  weighed  together  with  a  suitable 
filter  stick.  The  transfer  is  made  complete  by  washing  with  1  to 
1.5  ml.  of  hot  water.  Carbon  and  insoluble  silica  remain  on  the 
filter  stick  and  are  discarded. 

The  clear  extract,  FI  2,  is  treated  with  methyl  red  and  then 
with  small  portions  of  2  molar  ammonia  until  the  color  of  the  solu¬ 
tion  changes  to  yellow.  After  addition  of  0.2  ml.  of  3  molar  am¬ 
monium  chloride  (15%  solution)  the  contents  of  the  beaker  are 
heated  to  the  temperature  of  the  steam  hath,  then  0.1  ml.  of  6 
molar  ammonia  and  0.1  ml  of  a  0.3  molar  solution  of  secondary  so¬ 
dium  or  ammonium  phosphate  are  quickly  added,  and  the  con¬ 
tents  of  the  beaker  are  mixed  by  swirling  and  allowed  to  stand  at 
room  temperature  for  not  less  than  6  hours.  Then  the  solution  is 
drawn  off  through  the  filter  stick,  and  the  precipitate  is  washed 
with  four  1-ml.  portions  of  1  molar  ammonia  and  finally  with  two 
0.5-ml.  portions  of  methanol  or  ethanol.  The  precipitate  is  dried 
at  room  temperature  by  exposing  it  for  10  minutes  to  a  current  of 
air  which  has  been  passed  through  a  tower  containing  calcium 
chloride  hexahydrate,  and  is  weighed  as  magnesium  ammonium 
phosphate  hexahydrate.  For  a  control  the  precipitate  is  dis¬ 
solved  in  hydrochloric  acid  and  again  precipitated  from  the  solu¬ 
tion  and  weighed. 

Discussion.  The  gravimetric  methods  for  the  determination 
of  the  various  elements  have  been  taken  from  the  microchemical 
literature  (IS).  The  scheme  of  separation  in  general  follows 
established  macroprocedures,  and  has  been  tested  by  applying 
it  to  a  solution  that  contained  known  amounts  of  the  constitu¬ 
ents  in  question  (Table  III). 

Some  particulars  of  the  procedure  seem  to  call  for  explanation. 
It  is  preferable  to  dissolve  the  sample,  evaporate  the  solution,  and 
dehydrate  the  silica  in  the  same  platinum  crucible  in  which  the 
silica  is  collected,  ignited,  and  weighed.  This  not  only  eliminates 
the  undesirable  transfer  of  the  silica,  but  reduces  the  amount 
of  filter  paper  needed,  and,  consequently,  the  size  of  the  blank. 
This  procedure  could  have  been  followed  in  the  analysis  of  a  pure 
sphalerite  whieh  could  be  decomposed  by  hydrochloric  acid.  The 
ore  samples,  however,  contained  traces  of  arsenic  and  were  liable 


Table  III.  Application  of  Scheme  to  Synthetic  Solution 


Constituent 

Present 

Found 

Error 

Mg. 

Mg. 

Mg. 

SiC>2 

0.000 

0.000 

0.000 

Cu 

0.184 

0.187 

+0.003 

Zn 

5.456 

5.494 

+  0.038 

A1 

0.061 

0.064 

+  0.003 

Fe 

0.522 

0.548 

+0.026 

CaO 

0.058 

0.063 

+  0.005 

MgO 

0.047 

0.055 

+0.008 

to  be  mechanically  contaminated  by  small  amounts  of  pyrites. 
The  ignition  of  an  insoluble  residue  containing  these  substances 
may  easily  spoil  a  platinum  crucible.  The  ore  samples  are  com¬ 
pletely  decomposed  by  nitric  acid,  but  large  amounts  of  sulfur  are 
formed,  which  again  render  hazardous  the  ignition  in  a  platinum 
crucible. 

The  hydrogen  sulfide  group  is  precipitated  from  a  solution 
which  is  0.6  molar  with  respect  to  hydrochloric  acid.  All  the 
bismuth  and  most  of  the  cadmium  precipitate  as  sulfides,  but 
almost  all  lead  will  remain  in  solution  and  will  precipitate  with 
the  zinc  sulfide  and,  subsequently,  with  the  zinc  ammonium  phos¬ 
phate.  Presumably  the  lead  will  then  be  weighed  as  Pb3(P04)2 
together  with  the  zinc  ammonium  phosphate,  and  calculation 
shows  that  the  zinc  content  will  be  found  0.25%  too  high,  if  0.50% 
of  lead  is  contained  in  the  analyzed  sample.  The  correctness  of 
this  reasoning  has  been  tested  by  dissolving  0.82  mg.  of  lead  and 
12.43  mg.  of  zinc  in  nitric  acid  and  precipitating  the  solution  with 
ammonium  phosphate.  The  weight  of  the  precipitate  was  found 
equal  to  34.96  mg.,  which  is  in  satisfactory  agreement  with  the 
calculated  weight  of  35.00  mg.  Obviously,  determination  of  the 
zinc  by  weighing  the  zinc  ammonium  phosphate  is  permissible 
only  if  the  lead  content  is  low.  Whenever  the  amount  of  lead  in 
the  ore  exceeds  0.5%,  the  zinc  should  be  precipitated  as  8-hydroxy- 
quinolate,  which  permits  a  quantitative  separation  from  the 
lead  as  reported  by  Cimerman  and  Wenger  (8) . 

The  procedure  is  able  to  take  care  of  only  small  amounts  of  bis¬ 
muth  as  found  in  the  sphalerite  under  investigation.  Large 
amounts  of  bismuth  would  for  the  most  part  remain  insoluble 
when  the  residue  from  evaporation  is  extracted  with  5  cu.  mm.  of 
nitric  acid  and  0.5  ml.  of  hot  water  previous  to  the  titrimetric 
determination  of  copper. 

A  photoelectric  colorimeter,  Brunius  type,  was  used  for  the 
determination  of  bismuth  (11).  Without  the  addition  of  glycerol 
to  the  solution  and  with  the  use  of  Zeiss  filter  S  47  (470  m^)  it 
was  observed  that  Beer-Lambert’s  law  holds  up  to  0.025  mg.  of 
bismuth  per  ml.  For  a  control,  0.4  mg.  of  copper  and  0.1  mg.  of 
bismuth  were  precipitated  with  hydrogen  sulfide  as  described 
in  the  procedure.  After  titrimetric  determination  of  the  copper, 
the  solution  was  diluted  to  10  ml.,  and  the  extinction  was  deter¬ 
mined.  It  corresponded  to  a  total  of  0.09  mg.  of  bismuth  in  the 
sample.  For  an  appraisal  of  the  sensitivity  of  the  colorimetric 
method  it  may  be  added  that  the  coloration  produced  by  0.01  mg. 
of  bismuth  can  be  clearly  seen  by  the  eye. 

Use  of  the  ammonium  hydroxide  separation  for  the  trivalent 
metals  of  the  third  group  may  appear  inviting,  since  only  small 
•amounts  of  these  metals  are  present.  Nevertheless,  the  small 
amount  of  zinc,  present  in  the  hydrated  oxides  even  after  double 
precipita  ion,  would  accompany  the  iron  and  increase  the  per¬ 
centage  of  iron  found  to  an  extent  which  appears  undesirable  be¬ 
cause  of  the  relatively  small  amount  of  iron  present.  Thus,  isola¬ 
tion  of  the  zinc  by  precipitation  of  the  sulfide  previous  to  ammo¬ 
nia  separation  of  the  trivalent  ions  was  chosen.  Precipitation  of 
zinc  sulfide  from  a  bisulfate  buffer  solution  (11,  20,  2J),  26)  was 
selected  in  order  to  obtain  a  crystalline  precipitate  which  is  easy 
to  filter.  An  additional  advantage  of  this  scheme  is  that  double 
precipitation  isolates  the  ammonium  hydroxide  group  in  sufficient 
purity  in  the  absence  of  zinc.  The  necessity  of  triple  precipita¬ 
tion  would  increase  the  risk  of  losing  aluminum 
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The  zinc  is  weighed  as  the  zinc  ammonium  phosphate  rather 
than  as  the  8-hydroxyquinolate,  for  the  latter  precipitate  is 
rather  voluminous  and  presents  difficulties  in  handling  because 
of  the  large  quantity  of  zinc  in  the  samples.  In  one  trial  7.315 
mg.  of  pure  metallic  zinc  were  dissolved  in  hydrochloric  acid  and 
precipitated  as  zinc  ammonium  phosphate.  The  weight  of  the 
precipitate  corresponded  to  7.355  mg.  of  zinc.  .  In  another  ex¬ 
periment  4.863  mg.  of  metallic  zinc  and  0.326  mg.  of  iron  were 
dissolved.  Separation  of  the  zinc  sulfide,  dissolution,  and  pre¬ 
cipitation  of  the  zinc  ammonium  phosphate  as  outlined  in  the  pro¬ 
cedure  gave  a  recovery  of  4.871  mg.  of  zinc. 

Conversion  of  the  zinc  sulfide  to  the  oxide  by  roasting  and 
weighing  of  the  latter  may  appear  simpler  than  the  proposed  pro¬ 
cedure.  There  are,  however,  not  less  than  three  serious  disad¬ 
vantages  connected  with  the  use  of  zinc  oxide  as  a  weighing  form. 
It  contains  somewhat  more  than  80%  of  zinc,  and  weighing  er¬ 
rors,  which  have  to  be  considered  in  microanalysis,  are  propa¬ 
gated  with  nearly  full  force  into  the  calculated  percentages.  The 
zinc  oxide  is  hygroscopic  {15).  Finally,  complete  conversion  to 
the  oxide  requires  a  temperature  of  not  less  than  935°  C.  (6),  and 
it  always  is  preferable  in  microwork  to  avoid  the  use  of  high  igni¬ 
tion  temperatures. 

After  separation  from  the  aluminum  the  iron  may  be  reduced 
with  stannous  chloride  and  titrated  with  permanganate  {19). 
Any  zinc  attending  the  iron  will  be  without  effect.  The  results 
of  the  titrimetric  determination  of  iron  are  in  good  agreement  with 
those  obtained  by  weighing  the  8-hydroxyquinolate,  if  the  reduc¬ 
tion  with  stannous  chloride  is  performed  with  the  proper  care. 
The  gravimetric  determination,  however,  is  less  time-consuming. 


DETERMINATION  OF  SULFUR,  PHOSPHORUS  PENTOXIDE,  AND 
MANGANOUS  OXIDE 


Solution  of  Sample.  Approximately  5  mg.  of  the  sphalerite 
are  weighed  exactly  in  a  microbeaker  of  5-ml.  capacity  and  dis¬ 
solved  by  the  use  of  either  of  the  following  two  methods: 

Procedure  1.  The  ore  is  treated  with  0.5  ml.  of 
bromine  water  and  the  mixture  is  allowed  to  stand 
for  15  minutes.  One  volume  of  concentrated  hy¬ 
drochloric  acid  is  mixed  with  3  volumes  of  concen¬ 
trated  nitric  acid,  and  the  liquid  is  shaken  with 
an  excess  of  bromine.  One  milliliter  of  this  solu¬ 
tion  of  bromine  in  nitric-hydrochloric  acid  is  then 
introduced  into  the  microbeaker,  which  is  covered 
and  allowed  to  stand  overnight.  The  next  day 
the  contents  of  the  beaker  are  inspected,  and  if 
any  sulfur  seems  to  have  separated,  some  fuming 
nitric  acid  is  added. 

Procedure  2.  A  bromine-potassium  bromide 
solution  is  prepared  by  adding  10  ml.  of  bromine, 
which  is  free  from  sulfur,  to  a  saturated  aqueous 
solution  of  16  grams  of  potassium  bromide  and  then 
diluting  with  water  to  100  ml.  The  sample  of 
sphalerite  is  treated  with  0.4  ml.  of  this  reagent 
and  allowed  to  stand  for  1  hour.  Then  0.6  ml.  of 
14.5  molar  nitric  acid  is  added.  The  beaker  is 
covered  and  allowed  to  stand  overnight. 

Whichever  procedure  is  followed,  the  covered 
microbeaker  with  the  digest  of  the  ore  is  finally 
placed  on  the  steam  bath.  When  the  evolution  of 
gas  has  ceased,  the  cover  is  rinsed  into  the  beaker 
and  removed,  and  the  contents  of  the  microbeaker 
are  evaporated  to  dryness.  The  residue  is  treated 
with  0.5  ml.  of  7.3  molar  hydrochloric  acid,  and 
the  mixture  is  evaporated  to  dryness.  The  evapo¬ 
ration  with  the  hydrochloric  acid  is  repeated  once. 

The  residue  is  heated  for  30  minutes  at  105°  C. 

It  is  then  briefly  heated  with  0.1  ml.  of  7.3  molar 
hydrochloric  acid  and  1  ml.  of  water,  whereupon 
the  extract  is  transferred  through  a  filter  stick 
with  paper  mat  to  a  microbeaker  which  has  been 
weighed  together  with  a  porcelain  filter  stick.  The 
transfer  is  made  complete  by  washing  with  1  ml. 
of  0.6  molar  hydrochloric  acid  and  finally  with  ap¬ 
proximately  3  ml.  of  hot' water. 

The  insoluble  residue,  R\,  is  transferred  to  a 
platinum  crucible  and  treated  as  in  the  procedure 
for  the  determination  of  the  metallic  constituents. 

It  is  evaporated  with  hydrofluoric  and  sulfuric 


acids,  fused  with  sodium  carbonate,  and  finally  dissolved  in 
hydrochloric  acid. 

Determination  of  Sulfur.  Filtrate  FI  has  a  volume  of  ap¬ 
proximately  5  ml.  and  contains  0.6  millimole  of  hydrogen  chlo¬ 
ride.  It  is  treated  with  0.1  ml.  of  a  solution  containing  2  grams 
of  hvdroxylamine  hydrochloride  and  10  grams  of  ammonium 
chloride  in  a  volume  of  1  liter.  The  microbeaker  is  placed  on  the 
steam  bath,  and  0.2  ml.  of  a  hot  10%  solution  of  barium  chloride 
dihydrate  is  added  quickly  to  hot  filtrate  F 1.  This  volume  of  re¬ 
agent  will  take  care  of  2.5  mg.  of  sulfur  in  the  sample.  The  beaker 
is  left  for  5  more  minutes  on  the  steam  bath,  and  its  contents  are 
then  allowed  to  digest  at  room  temperature  for  at  least  1  hour,  and 
preferably  for  4  hours.  Filtrate  F 3  is  collected,  together  with  the 
washings  resulting  from  the  application  of  1  ml.  of  cold  water. 
The  rest  of  the  washings  obtained  from  three  1-ml.  portions  of 
hot  water  and  two  0.3-ml.  portions  of  ethanol  are  rejected.  The 
precipitate  is  dried  at  room  temperature  in  a  current  of  air  which 
has  been  passed  through  calcium  chloride.  For  a  control  it  may 
be  dried  at  150°  C.,  and  it  should  not  change  weight.  The  factor 
0.1373  (sulfur  over  barium  sulfate)  is  to  be  multiplied  by  0.991  if 
method  1  is  used  in  dissolving  the  sample,  and  by  0.956  if  pro¬ 
cedure  2  is  followed.  Thorough  washing  with  water  prepares  the 
filter  stick  for  another  sulfur  determination.  If  it  is  to  be  used 
for  a  different  purpose,  however,  it  is  cleaned  by  sucking  through 
it  warm  concentrated  sulfuric  acid  and  then  rinsing  with  hot 
water. 

Determination  of  Phosphorus  Pentoxide.  Filtrate  F 3  is 
heated  on  the  steam  bath  and  treated  with  an  excess  of  sulfuric 
acid  for  elimination  of  the  barium  ion.  Filtrate  F4  is  combined 
with  the  solution  of  residue  R2  (Table  IV)  and  then  evaporated 
to  the  appearance  of  moderate  fumes  of  sulfur  trioxide.  After 
cooling  to  room  temperature,  nitric  acid  is  added  for  the  oxidation 
of  the  hvdroxylamine  and  the  iron,  and  the  mixture  is  again  evapo¬ 
rated  to  fumes  of  sulfur  trioxide.  The  treatment  with  nitric 
acid  and  evaporation  is  repeated  once.  The  residue  is  dissolved 
in  1  ml.  of  1.5  molar  nitric  acid.  The  solution  is  treated  with  50 
mg.  of  solid  ammonium  nitrate,  and  the  phosphate  is  precipitated 
at  70°  C.  by  adding  1  ml.  of  the  molybdate  reagent  of  Biltz  (5). 
If  a  precipitate  separates  within  4  hours,  it  is  converted  to  the  mag¬ 
nesium  ammonium  phosphate  {23). 

Determination  of  Manganous  Oxide.  Filtrate  F 5  is  col¬ 
lected  without  the  washings  and  treated  with  0.5  ml.  of  14.5  molar 
nitric  acid.  The  colorimetric  determination  of  manganese  follow 


Table  IV.  Scheme  for  Determination  of  Sulfur,  Phosphorus  Pentoxide, 
and  Manganous  Oxide 

Approximately  5  mg.  of  sphalerite  di¬ 
gested  with  bromine  and  acid  following 
procedure  1  or  2,  evaporated  to  dryness; 
residue  heated  30  minutes  at  105°  C., 
then  extracted  with  HC1 


Insoluble  residue  R 1 
evaporated  with  HF 


1 


Filtrate  FI 

treated  with  NH4C1  and  NH2.OH.- 
HC1,  precipitated  with  BaCl2 


SiF4 


Residue  R2 

fused  with  Na2C03,  dis¬ 
solved  in  HC1;  solution 
combined  with  F4 


Filtrate  F 3 
treated  with 
H2S04  for  re¬ 
moval  of  Ba  ion 


Precipitate  P3, 
BaS04,  dried  and 
weighed 


Filtrate  F4 
evaporated  to  S03  fumes,  treated  with 
HN03,  again  evaporated  to  S03 
fumes,  taken  up  with  dilute  HN03  and 
precipitated  with  molybdate  reagent 


Precipitate  P4, 
BaS04,  rejected 


Precipitate  P 5, 
ammonium  phosphomolyb- 
date,  converted  to  MgNH4- 
P04.6H20  which  is  weighed 


Filtrate  F 5 

collected  without  washings, 
treated  with  sodium  bismu- 
thate,  Mn04ion,  colorimetric 
estimation 
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Table  V.  Determination  of  Correction  Factor  for  Estimation  of 

Sulfur 


Taken 

Sulfur 

Obtained 

Alternate 

Mohr’s 

(=  0.1373  X 

Correction 

Procedure 

salt 

Sulfur 

BaSO«) 

Factor 

Mg. 

Mg. 

Mg. 

i 

5.865 

0.9671 

0.9791 

0.9877 

11.121 

1.8337 

1.8456 

0.9936 

28.931 

4.770 

4.797 

0.9944 

10.507 

1 . 7324 

1.7547 

0.9873 

Mean 

0.9908 

2 

10.2796 

1.6950 

1.7739 

0.9555 

10.2178 

1 . 6848 

1.7660 

0.9540 

6.8270 

1.1257 

1.1745 

0.9585 

Mean  0.9560 


the  directions  of  Hillebrand  and  Lundell  (15).  The  cold  solution 
is  agitated  with  50  mg.  of  sodium  bismuthate  for  1  minute,  diluted 
with  an  equal  volume  of  cold  water,  and  filtered  through  a  filter 
stick  provided  with  a  disk  of  fritted  glass.  The  separation  from 
the  solid  is  made  complete  by  washing  with  0.5  molar  nitric  acid. 
A  photoelectric  colorimeter  is  used  for  estimation  of  the  manga¬ 
nese  in  the  filtrate.  Large  quantities  of  manganese  are  titrated  (15) . 

Discussion.  Since  accurate  determination  of  the  sulfur  in 
the  sphalerite  was  required,  careful  design  and  investigation  of 
the  procedure  to  be  used  were  necessary.  Difficulties  arise  in 
solution  of  the  sample.  Fusion  with  sodium  carbonate  and  po¬ 
tassium  nitrate  as  in  the  micromethods  of  Treje  and  Alber  (25) 
and  Hecht  (12)  did  not  seem  advisable,  as  macrowork  indicates 
that  it  is  difficult  to  obtain  complete  oxidation  of  the  zinc  sulfide 
in  this  manner.  The  presence  of  arsenic  and  lead  in  the  material 
under  investigation  made  undesirable  the  use  of  a  platinum  cru¬ 
cible,  and,  finally,  it  was  realized  that  the  necessary  determina¬ 
tion  of  the  blank  would  be  tedious  and  difficult.  Fusion  with 
sodium  peroxide  and  some  sodium  carbonate  is  recommended  for 
determination  of  sulfur  in  zinc  blende  (7).  It  seemed  difficult, 
however,  to  avoid  losses  during  the  fusion,  and  special  crucibles 
would  be  needed  lor  performance  on  a  microscale. 

It  was  decided  to  try  the  customary  wet  methods  for  the  oxi¬ 
dation  of  sulfidic  ores.  Aqua  regia,  which  is  used  with  pyrite, 
failed.  Hydrogen  sulfide  is  liberated  from  the  sphalerite  so  rap¬ 
idly  that  it  partly  escapes  oxidation.  Treatment  with  nitric- 
hydrochloric  acid  to  which  bromine  is  added  is  recommended  for 
macroanalysis  (7).  Small  samples,  however,  are  too  rapidly  de¬ 
composed.  A  modification  of  this  procedure,  described  as  alter¬ 
nate  procedure  1,  proved  satisfactory  but  for  the  fact  that  free 
sulfur  is  formed  at  times,  which  is  rather  difficult  to  oxidize  and 
is  easily  overlooked.  Therefore,  the  procedure  described  by 
Scott  (11)  was  adapted  to  the  micro  scale  (alternate  procedure  2). 
The  oxidation  is  slow  but  complete.  The  large  amount  of  po¬ 
tassium  salt,  which  is  introduced  with  the  reagent,  must  be 
taken  into  consideration  when  the  sulfur  is  determined  in  the  di¬ 
gest  obtained. 

The  macromethod  of  Winkler  (27)  was  adapted  for  microde¬ 
termination  of  the  sulfur,  since  it  permits  the  use  of  glass  beakers, 
for  the  barium  sulfate  is  dried  at  room  temperature.  Before 
weighing,  the  microbeaker  with  the  barium  sulfate  was  allowed  to 
stand  in  the  balance  room  for  25  minutes.  The  weight  did  not 
change  when  the  beaker  was  left  standing  in  the  room  for  30  min¬ 
utes  more  and  subsequent  drying  at  150°  C.  did  not  affect  the 
weight.  These  findings  support  the  statements  of  Schulek  and 
Boldizsdr  (21)  and  indicate  that  Balarew’s  criticism  (1)  of  Wink¬ 
ler’s  directions  is  not  justified. 

Because  of  the  well-known  variability  of  the  composition  of 
the  barium  sulfate  precipitate,  the  empirical  factors  which  are 
needed  for  obtaining  a  satisfactory  degree  of  accuracy  were  de¬ 
termined  by  a  series  of  controls.  Ferrous  ammonium  sulfate 
hexahydrate,  in  which  a  sulfur  content  of  16.49%  had  been  found 


by  the  customary  macromethods,  was  used  for  a  standard.  The 
directions  for  the  analysis  of  sphalerite  were  followed,  and  both 
alternate  procedures  of  digestion  were  tried.  The  results  are 
compiled  in  Table  V.  The  theoretical  factor,  S/BaSO<  =  0.1373, 
should  be  reduced  by  a  correction  factor  equal  to  0.9908,  if  pro¬ 
cedure  1  is  used  for  the  oxidation  of  the  sample,  and  by  a  factor  of 
0.9560,  if  procedure  2  is  employed. 

When  Winkler  investigated  the  accuracy  of  the  determination 
of  sulfur  in  pyrite,  he  also  used  ferrous  ammonium  sulfate  hexa¬ 
hydrate  for  a  standard  (28).  The  barium  sulfate  was  precipi¬ 
tated  from  a  boiling  solution  which  was  0.05  molar  with  respect 
to  hydrogen  chloride.  The  barium  sulfate  was  dried  at  132°  C. 
and  the  theoretically  calculated  amounts  of  precipitate  were  ob¬ 
tained.  The  figures  of  Table  V  show  that  with  procedures  1  and 
2  the  weights  of  the  precipitates  exceed  the  theoretically  calcu¬ 
lated  amounts  by  1  to  5%,  respectively.  Insufficient  washing 
was  not  responsible,  for  the  weights  remained  unchanged  when 
the  precipitates  were  washed  with  another  3  ml.  of  hot  water. 
Obviously  the  conditions  maintained  by  Winkler  during  the  pre¬ 
cipitation  of  the  barium  sulfate  were  not  duplicated  on  the  small 
scale.  Neither  was  the  solution  agitated  while  adding  the  rea¬ 
gent,  nor  did  heating  on  the  steam  bath  give  the  same  temperature 
as  boiling  over  a  flame.  The  effect  of  a  deviation  in  the  salt  con¬ 
tent  of  the  precipitated  solution  is  drastically  demonstrated  by 
the  results  obtained  with  alternate  procedure  2.  Nevertheless, 
procedures  1  and  2  give  identical  figures  for  the  sulfur  content,  if 
the  appropriate  empirical  factors  are  used.  This  is  illustrated 
by  Table  VI,  which  lists  the  percentages  of  sulfur  found  in  two 
samples  of  sphalerite  which  differed  considerably  in  their  quanti¬ 
tative  composition. 

The  determination  of  manganese  was  tested  by  dissolving 
0.0167  mg.  of  manganous  oxide  to  which  10  mg.  of  Mohr’s  salt 
had  been  added,  and  then  following  the  directions  outlined.  The 
colorimetric  estimation  indicated  0.017  mg.  of  MnO. 

DETERMINATION  OF  LEAD  AND  CADMIUM 

Procedure.  From  2  to  8  mg.  of  sphalerite  are  accurately 
weighed  in  a  microbeaker  and  dissolved  by  heating  on  the  steam 
bath  with  a  sufficient  quantity  of  concentrated  hydrochloric  acid 
while  the  beaker  is  kept  covered.  When  the  reaction  ceases,  0.01 
ml.  of  concentrated  nitric  acid  is  added,  and  the  heating  is  con¬ 
tinued  for  a  few  more  minutes.  The  cover  is  then  rinsed  into 
the  beaker  and  removed,  and  the  contents  of  the  beaker  are  evap¬ 
orated  to  dryness.  The  residue  is  treated  with  0.5  ml.  of  12  molar 
hydrochloric  acid,  and  the  mixture  is  briefly  heated  on  the  steam 
bath.  The  solution  is  transferred  with  the  aid  of  a  micropipet  to 
a  centrifuge  cone  of  1.5-ml.  capacity,  which  is  graduated  at  0.1- 
ml.  intervals.  The  transfer  is  made  complete  by  rinsing  micro¬ 
beaker  and  pipet  with  hot  water.  The  solution  in  the  cone  is 
evaporated  to  a  volume  of  0.1  ml.,  and  is  then  diluted  to  a  volume 
of  0.2  ml.  by  adding  7.5  molar  hydrochloric  acid. 

The  contents  of  the  cone  are  treated  with  10  mg.  of  pure  alumi¬ 
num.  When  this  metal  has  completely  dissolved,  the  contents  of 
the  cone  are  cooled  to  room  temperature  and  diluted  with  water 
to  a  volume  of  0.6  ml.  After  thorough  mixing  a  suitable  aliquot 
of  the  clear  solution  is  transferred  to  the  microcell  of  the  polaro- 
graph,  which  is  designed  according  to  Majer  (18)  in  the  form  of  a 
small  U-tube  of  6-mm.  bore,  the  bend  of  which  is  filled  with  the 
mercury  serving  for  anode.  The  polarogram  of  the  solution  is 
recorded,  0.05  ml.  of  a  solution  of  known  lead  and  cadmium  con¬ 
tent  is  added,  and  again  a  polarogram  is  recorded.  Using  the 
standard  calomel  electrode  as  a  reference,  the  wave  of  the  lead  is 
found  at  —0.45  volt  and  that  of  cadmium  at  —0.65  volt.  The 
polarograms  are  evaluated  as  described  by  Kraus  and  Novak  (17). 

Discussion.  The  lead  and  cadmium  contents  of  the  sphalerite 
from  Kristineberg  were  expected  to  be  less  than  0.5%,  and  it 
seemed  desirable  to  be  able  to  determine  amounts  as  small  as 
0.05%.  The  macromethod  for  the  determination  of  0.2%  of  lead 
recommended  by  Scott  (11)  requires  a  10-gram  sample  for  titra¬ 
tion  of  the  lead  with  ammonium  molybdate.  Approximately 
the  same  amount  of  sample  is  required  for  gravimetric  determi¬ 
nation  of  the  lead  as  sulfate.  If  either  of  these  macromethods  was 
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Table  VI.  Determination  of  Sulfur  in  Sphalerite 

Alternate 

Sulfur  Found, 

Sample  No.° 

Procedure  Used 

%b 

1 

1 

32.76,  32.62  (31.45,  31.80) 

2 

32.77,  32.76,  32.40 

5 

1 

32.06,  31.75 

2 

31.89,  31.70 

a  Complete  composition  of  samples  1  and.  5  given  in  Table  VII. 

.6  Low  figures  in  parentheses  explained  by  incomplete  oxidation  of  sulfur. 


Table  VII.  Analysis  of  Sphalerite  from  Kristineberg 


Sample  No. 


1 

2 

3 

4 

5 

6 

Color  of  Pulverized  Sample 

Pale  yel- 

Gray- 

Pale 

low  with 

ish 

yellow 

gray  tinge 

yellow 

Gray 

Brown 

Brown 

Si02,  % 

0.95 

0.1 

0.9 

1.20 

1.57 

1.15 

AI2O3,  % 

<0.1 

<0.1 

<0.2 

0.1 

0.24 

<0.2 

MnO,  % 

0.02 

<0.03 

<0.03 

0.05 

0.07 

0.09 

MgO,  % 

0.15 

0.1 

<0.3 

0.30 

0.65 

0.80 

CaO,  % 

<0.2 

<0.2 

<0.2 

0.25 

<0.2 

Cu,  % 

0.08 

0.05 

6.13 

1.87 

0. 13 

0.17 

Cd,  %• 

0.20 

0.18 

0.20 

0.22 

0.16 

0.18 

Pb,  % 

0.04 

0.02 

0.42 

0.45 

0.02 

0.02 

Bi,  % 

<0.05 

<0.05 

<0. 1 

<0.05 

<0.05 

<0.05 

Fe,  % 

1.36 

2.60 

3.04 

3.50 

8.15 

7.70 

Zn,  % 

64.5 

62.8 

62.8 

59.2 

56.0 

57.0 

s,  % 

32.7 

33.7 

32.9 

32.5 

31.9 

33.1 

P205,  % 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

After  applying  corrections  for  presence  of  chalcopyrite,  CuFeS2,  galena,  PbS, 
talc,  H2Mg3Si40i2,  and  chlorite,  HaMgsAhSiaOis 


Zn,  % 

65.46 

63.31 

63.68 

64.43 

58.33 

58 

.40 

Fe,  % 

1.30 

2.58 

2.97 

2.03 

8.38 

7 

.73 

s,  % 

33.05 

33.92 

33.15 

33.30 

33.19 

33 

.69 

Cd,  % 

0.20 

0.18 

0.20 

0.24 

0.17 

0. 

.18 

Zn,  mole 

1.001 

0.968 

0.974 

0.986 

0.892 

0. 

,893 

Fe,  mole 

0.023 

0.046 

0.053 

0.036 

0.150 

0. 

.138 

S,  mole 

1.031 

1.058 

1.034 

1.039 

1.033 

1. 

.051 

Cd,  mole 

0.002 

0.002 

0.002 

0.002 

0.002 

0. 

002 

to  be  used  on  a  micro  scale,  at  least  100  mg.  of  sphalerite  would 
be  required  for  a  determination. 

Hecht  and  Kroupa  (14)  describe  a  rather  tedious  micromethod 
for  the  gravimetric  determination  of  approximately  0.1%  of  lead, 
determined  as  sulfate,  in  allanite.  An  electrolytic  micromethod 
for  the  determination  of  0.01%  of  lead  in  zinc  has  been  described 
by  Clarke  and  Hermance  (9).  Both  methods,  however,  require  1 
gram  of  sample. 

Considering  the  small  amounts  of  sphalerite  available,  an  adap¬ 
tation  of  the  polarographic  procedure  of  Kraus  and  Novak  (17) 
for  the  determination  of  lead  and  cadmium  in  zinc  ores  appeared 
most  inviting.  These  authors  prepare  50  ml.  of  solution  by 
starting  with  1  gram  of  material.  A  hundredfold  reduction  of 
volume  and  mass  appeared  feasible  and  promised  at  the  same 
time  a  suitable  method  for  determining  cadmium.  Survey  of  the 
literature  had  shown  the  lack  of  any  suitable  micromethod  for 
determining  the  small  amounts  of  cadmium  present  in  the  sphaler¬ 
ite. 

A  solution  containing  8  mg.  of  zinc,  1.3  mg.  of  copper,  0.2  mg. 
of  iron,  0.114  mg.  of  cadmium,  and  0.145  mg.  of  lead  per  milliliter 
was  prepared.  Controls  were  performed  by  analyzing  1-ml., 
0.5-ml.,  and  0.1-ml.  portions  of  this  solution  as  directed.  The 
heights  of  the  lead  and  cadmium  waves  were  identical  with  those 
observed  with  pure  lead  and  cadmium  solutions  of  the  same  con¬ 
centrations. 

CONCLUSIONS 

The  results  of  the  analyses  of  six  samples  of  sphalerite  from 
Kristineberg  are  summarized  in  Table  VII.  The  petrographic 
investigation  of  the  Kristineberg  ore  indicates  that  pyrite,  chal¬ 
copyrite,  galena,  talc,  chlorite,  and  quartz  may  be  present  as  in¬ 
clusions  in  the  sphalerite  samples.  The  amounts  of  the  last  five 
minerals  are  indicated  by  the  percentages  found  for  copper,  lead, 


alumina,  magnesia,  and  silica.  If  the  percentages  of  the  constit¬ 
uents  for  which  these  minerals  account  are  subtracted  from  the 
total,  and  the  remaining  percentages  of  zinc,  iron,  sulfur,  and 
cadmium  are  recalculated  to  give  a  total  of  100%,  the  figures  of 
the  lower  portion  of  Table  VII  are  obtained.  The  ratio  of  iron  to 
magnesia  in  the  chlorite  of  the  Kristineberg  mine  is  approxi¬ 
mately  1  to  10.  Thus,  the  iron  content  of  any  chlorite  present 
need  not  be  considered,  since  all  the  samples  of  sphalerite  con¬ 
tain  less  than  1%  of  magnesia.  Any  talc  present  may  also  be 
considered  free  from  iron. 

If  sphalerite  is  considered  as  zinc  sulfide  which  contains  variable 
quantities  of  ferrous  sulfide  and  cadmium  sulfide  in  solid  solution, 
the  deviation  of  the  sulfur  found  from  that  calculated  from  the 
percentages  of  zinc,  iron,  and  cadmium  is  for  the  6  samples  in¬ 
vestigated:  +0.16,  +1.34,  +0.16,  +0.48,  -0.35,  and  +0.57%, 
an  average  of  +0.40%.  The  accuracy  of  the  determinations  of 
sulfur,  zinc,  iron,  and  copper  is  estimated  as  equal  to  ±0.25%  sul¬ 
fur,  ±0.5%  zinc,  ±0.15%  iron,  and  ±0.02%  copper.  Conse¬ 
quently,  the  •  analytical  procedure  may  cause  a  discrepancy  of 
±0.6%  between  the  determined  and  calculated  sulfur  contents. 
This  permissible  deviation  is  exceeded  only  in  the  instance  of 
sphalerite  sample  2,  which  was  collected  from  a  vein  rich  in  py¬ 
rite  and  may  contain  grains  of  pyrite  as  a  mechanical  impurity. 
If  sample  2  is  excluded,  the  average  difference  between  deter¬ 
mined  and  calculated  sulfur  contents  becomes  ±0.2%.  The  find¬ 
ings  seem  to  support  those  of  Beutell  and  Matzke  (4,  10)  who, 
in  several  determinations,  obtained  a  zinc-sulfur  ratio  for  sphaler¬ 
ite  exactly  equal  to  unity. 

The  iron  content  of  the  sphalerite  of  the  Kristineberg  mine, 
mainly  marmatite,  varies  from  1  to  8.5%,  corresponding  to  a 
variation  in  the  zinc  content  from  65  to  58%,  as  may  be  seen 
from  the  lower  part  of  Table  VII.  The  amount  of  minute  inclu¬ 
sions  of  pyrite,  if  present  at  all,  is  very  small.  Sample  6  was  ana¬ 
lyzed  mainly  to  obtain  a  control  of  the  analysis  of  sample  5  with 
which  it  is  practically  identical  and  which  represents  the  darkest 
type  of  sphalerite  found  in  the  mine.  Since  the  dark  type  of  the 
mineral  as  represented  by  samples  5  and  6  is  found  only  locally, 
the  normal  composition  of  the  sphalerite  from  Kristineberg  is 
approximately  64%  zinc,  2.5%  iron,  0.2%  cadmium,  and  33% 
sulfur. 
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of  Corrosion-Resistant  Steels 

Determination  of  Zinc 
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Industrial  Test  Laboratory,  United  States  Navy  Yard,  Philadelphia,  Pa. 


A  photometric  method  for  the  determination  of  zinc  in  corrosion- 
resistant  steels  by  the  dithizone  method  is  presented.  A  General 
Electric  spectrophotometer  with  a  slit  width  of  10  millimicrons  was 
used  in  developing  the  method,  but  it  has  also  been  adapted  to  the  use 


THERE  is  at  present  little,  if  any,  published  material  on 
simple  and  accurate  methods  for  the  determination  of  small 
amounts  of  zinc  in  corrosion-resistant  steels.  The  determination 
of  this  element  was,  therefore,  included  in  an  investigation  of 
several  residual  elements  by  this  laboratory  ( 2 , 12, 16). 

Precipitation  of  zinc  as  sulfide  from  a  weakly  acid  solution,  sug¬ 
gested  by  Ibbotson  (9),  and  completion  as  oxide  have  become  a 
standard  technique,  successfully  adapted  to  plain  and  low-alloy 
steels  by  Bright  (8).  This  method,  however,  has  not  yielded 
satisfactory  results  with  corrosion-resistant  steels. 

As  the  range  to  be  covered  is  suited  to  colorimetric  determina¬ 
tions,  procedures  employing  dithizone  as  the  color  reagent  were 
tested.  While  an  extensive  investigation  of  dithizone  possibilities 
has  been  made  by  others,  application  of  the  procedure  has  been 
largely  confined  to  solutions  prepared  from  biological  material 
(7),  foods  (<?),  and  soils  (15).  These  ordinarily  contain  such 
mixtures  of  elements  that  separations  by  pH  control  are  usually 
sufficient.  The  dithizone  method  has  also  been  adopted  to 
Babbitt  metal  (10)  and  aluminum  alloys  (6). 

DISCUSSION 

Attempts  to  determine  the  zinc  by  precipitation  as  sulfide  (9) 
were  unsuccessful;  zinc  added  to  the  solutions  of  corrosion- 
resistant  steels  was  not  recovered.  Sulfide  precipitates  were 
obtained,  filtered,  and  ignited,  but  purification  of  the  residue  by 
mercuric  thiocyanate  gave  erratic  results  and  in  some  instances 
yielded  no  precipitate.  Investigation  of  the  ignited  precipitate 
by  spectrographic  analysis  disclosed  the  presence  of  nickel  but  no 
trace  of  zinc.  Subsequent  qualitative  analysis  employing  dithi¬ 
zone  also  failed  to  detect  zinc  in  the  sulfide  precipitate.  The 
method  was,  therefore,  discarded. 

All  subsequent  attempts  were  limited  to  dithizone  extraction 
methods.  As  no  dithizone  procedures,  directly  apphcable  to 
steels,  were  known  to  exist,  it  was  necessary  to  test  the  variety  of 
suggestions  that  have  appeared  and  combine  promising  steps  to 
obtain  a  satisfactory  method. 


of  a  Klett-Summerson  photoelectric  colorimeter  using  a  Klett  No.  52 
green  filter.  The  method  is  suited  to  routine  use  and  11  samples  and 
a  blank  can  be  run  daily  using  two  double-funnel  racks.  By  careful 
attention  to  details,  accurate  values  can  be  obtained. 


The  sample  is  dissolved  in  a  nitric-hydrochloric  acid  mixture, 
and  copper  is  separated  by  hydrogen  sulfide.  This  initial  separa¬ 
tion  is  unnecessary,  except  in  unusual  instances  where  the  copper 
content  of  the  alloy  is  relatively  high.  '  The  chromium  and  tin  are 
oxidized  by  use  of  perchloric  acid  and  volatilized  with  dry  hydro¬ 
chloric  acid  gas.  The  solution  is  adjusted  to  approximately  pH 
8  with  ammonium  hydroxide  after  the  addition  of  sufficient  citric 
acid  to  prevent  precipitation  of  the  iron.  A  preliminary  dithizone- 
chloroform  extraction  is  performed  which  removes  copper,  zinc, 
and  lead  quantitatively,  accompanied  by  nickel  and  cobalt.  The 
zinc  and  lead  are  quantitatively  removed  from  the  dithizone  by  a 
weak  acid  extraction  which  effects  an  almost  complete  separation 
(13).  The  final  extraction  is  made  with  dithizone-carbon 
tetrachloride  in  a  buffered  solution  of  pH  6.0  containing  thio¬ 
sulfate.  The  lead  and  traces  of  any  other  impurities  remaining 
are  thereby  removed  (14).  The  zinc  can  be  determined  by  mixed 
colors  (4),  titrimetrically  (10, 13),  or  by  removing  excess  dithizone 
with  sodium  sulfide  solution  and  completing  as  a  single  color  on  a 
photoelectric  colorimeter  (15).  The  last  method  employing 
sodium  sulfide  has  the  advantage  of  being  the  means  of  effecting 
a  further  purification  if  impurities  have  passed  through  the  previ¬ 
ous  steps  (5). 

The  various  methods  tested  which  did  not  give  consistent  or 
satisfactory  results  are  outlined  below. 

Attempts  to  obtain  a  separation  of  zinc  by  chloroform  extrac¬ 
tion  in  ammoniacal  citrate  solutions  were  unsuccessful.  This 
method  included  a  purification  of  the  dithizone  solution  by  acid 
extraction  and  a  second  chloroform-dithizone  shake-out.  If 
the  hydroxyl-ion  concentration  was  raised  above  pH  8.5  the 
nickel  interfered  seriously.  Removal  of  the  iron  and  a  large  por¬ 
tion  of  the  nickel  was  attempted  with  ammonium  oxalate  in 
ammoniacal  solution  (11).  This  preliminary  step  was  combined 
with  the  above  procedure,  but  results  were  not  consistent.  As 
lead  undoubtedly  interfered,  its  removal  was  undertaken. 
Holland  and  Ritchie  (8)  employed  sodium  diethyl  dithiocarbam- 
ate  to  prevent  reaction  between  dithizone  and  lead.  Tests  of 
this  procedure  with  pure  solutions  disclosed  that  it  was  entirely 
empirical  and  zinc  is  partially  and  in  some  cases  completely 
removed.  Such  conditions  as  length  of  time  the  aqueous  solution 
remained  in  contact  with  the  dithizone-chloroform  solution, 
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Table  I.  Analytical  Data 


Sample 

Zinc  Added 

Zinc  Found' 

% 

% 

Blank 

0.003 

18%  Cr, 8%  Nisteel 

0.002 

0.002 

0.002 

0.002 

18%  Cr,  8%  Nisteel 

0.005 

0.004 

0.005 

18%  Cr,  8%  Ni  steel 

0.010 

0.011 

0.011 

18%  Cr,  8%  Nisteel 

0.015 

0.017 

0.015 

18%  Cr,  8%  Nisteel 

0.020 

0.021 

0.019 

Blank 

0.002 

20%  Cr,  10%  Nisteel 

0.005 

0.006 

0.006 

0.006 

20%  Cr,  10%  Ni  steel 

0.005 

0.011 

0.010 

“  Results  for  samples  have  been  corrected  for  blank. 


Sample 

Zinc  Added 

Zinc  Found® 

% 

% 

20%  Cr,  10%  Ni  steel 

0.010 

0.016 

0.014 

20%  Cr,  10%  Nisteel 

0.015 

0.021 

0.021 

20%  Cr,  10%  Ni  steel 

0.020 

0.026 

0.024 

Blank 

0.002 

25%  Cr,  20%  Nisteel 

•  •  • 

0.010 

0.010 

0.010 

0.012 

25%  Cr,  20%  Ni  steel 

0.005 

0.014 

0.014 

25%  Cr,  20%  Nisteel 

0.010 

0.021 

0.019 

25%  Cr,  20%  Ni  steel 

0,015 

0.024 

0.025 

25%  Cr,  20%  Ni  steel 

0.020 

0.032 

0.030 

length  of  mixing,  and  vigor  of  shaking  introduced  variable  factors. 
Cowling  and  Miller  (4)  have  stated  that  consistent,  although 
empirical,  results  are  obtained  with  the  use  of  the  dithiocarbamate 
for  the  separation  of  lead  from  zinc.  Attempts  to  use  this 
reagent  for  routine  analysis  were  abandoned.  A  method  sub¬ 
mitted  for  trial  ( 1 )  made  use  of  two  dithizone-chloroform  ex¬ 
tractions,  the  first  from  an  ammoniacal  solution  and  the  second, 
following  an  acid  separation  of  copper,  from  a  solution  with  pH 
about  5.  Following  the  above  procedure,  the  final  extraction  was 
found  to  be  empirical  and  difficulty  was  experienced  by  different 
operators  in  obtaining  consistent  results. 

Experiments  established  that  chloroform  was  superior  to  carbon 
tetrachloride  as  solvent  for  dithizone  for  removing  zinc  from 
ammoniacal  solutions.  Use  of  the  latter  solvent  caused  a  large 
increase  in  the  amounts  of  unwanted  elements  extracted,  notably 
nickel,  and  extraction  of  the  zinc  was  slow.  On  the  other  hand, 
in  acid  solution,  the  use  of  chloroform  as  solvent  definitely  gave 
less  desirable  results.  The  employment  of  the  two  solvents  for 
extraction,  under  their  most  favorable  pH  conditions  and  in  con¬ 
junction  with  each  other,  yielded  satisfactory  results  which  were 
shown  to  be  quantitative  (Table  I). 

A  spectrophotometric  study  was  made  to  investigate  the 
feasibility  of  the  resolution  of  the  mixed  colors.  Figure  1  dis¬ 
closes  measurements  taken  in  the  region  of  maximum  absorption 
by  the  zinc  dithizonate  (approximately  535  mrf,  including  ab¬ 
sorption  of  the  reagent.  The  zinc  dithizonate  complex  displays 
only  a  single  absorption  maximum  (see  curve  2  of  Figure  1). 
Attempts  to  determine  the  excess  dithizone  at  615  m^  were  more 
successful.  Interference  caused  by  the  zinc  dithizonate  is 
negligible.  However,  the  amounts  of  dithizone  solution  must 
be  carefully  controlled  and  kept  constant. 

Several  methods  have  been  recommended  for  removal  of  the 
uncombined  dithizone  (7).  The  use  of  a  dilute  solution  of  sodium 
sulfide  was  found  satisfactory.  In  addition  to  removal  of  the  free 
dithizone,  interfering  elements  such  as  cadmium,  stannous  tin, 
and  lead  are  also  extracted  from  the  carbon  tetrachloride  layer 
(5).  Measurements  made  on  zinc  dithizonate  solutions,  which 
were  obtained  by  subjecting  pure  salt  solutions  to  the  procedure 
adopted,  displayed  adherence  to  Beer’s  law.  Beer’s  law  was  also 
shown  to  be  valid  for  solutions  of  a  corrosion-resistant  steel  con¬ 
taining  varying  amounts  of  zinc. 

The  actual  region  used  for  determining  the  zinc  was  at  520  mjt. 
A  slight  shift  from  the  maximum  absorption  peak  was  made  to 
decrease  possible  interference  by  dithizone. 


APPARATUS 

A  spectrophotometer  or  photoelectric  colorimeter  may  be  used 
(a  General  Electric  recording  spectrophotometer  and  a  Klett- 
Summerson  photoelectric  colorimeter  were  used  by  the  authors). 
Readings  are  made  at  520  millimicrons,  to  minimize  interference 
by  dithizone. 

Pyrex  ware  is  thoroughly  washed  with  concentrated  hydro¬ 
chloric  acid  and  rinsed  with  double-distilled  water. 

REAGENTS 

Zinc-free  distilled  water,  obtained  by  redistilling  ordinary 
distilled  water  in  an  all-Pyrex  still. 


Figure  1.  Transmission  of  Zinc-Dithizone  System 

A,  Excess  dithizone  removed,  volume  25  ml. 

B.  Excess  dithizone  present,  volume  25  ml.  All  recordings  made  using 

cell  depth  of  0.25  cm. 
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Standard  Zinc  Chloride  Solution.  Transfer  exactly  1.000 
gram  of  National  Bureau  of  Standards  zinc  metal  43e  to  a  1000- 
ml.  volumetric  flask,  add  10  ml.  of  hydrochloric  acid  (1  to  1),  and 
warm  until  zinc  is  completely  dissolved.  Cool  and  dilute  to  the 
mark  with  zinc-free  distilled  water  at  20  °C.  Mix  the  solution 
thoroughly.  Pipet  100  ml.  of  the  solution  into  another  1000-ml. 
volumetric  flask,  dilute  to  mark  with  zinc-free  distilled  water  at 
20°  C.,  and  mix  this  solution  thoroughly.  Pipet  100  ml.  of  the 
diluted  solution  into  another  1000-ml.  volumetric  flask  and  dilute 
to  the  mark  with  zinc-free  distilled  water  at  20  °  C.  One  milliliter 
of  this  solution  contains  0.01  mg.  of  zinc. 

Citric  Acid  Solution.  Dissolve  20  grams  of  c.p.  citric 
acid  in  100  ml.  of  zinc-free  distilled  water. 

Hydrochloric  Acid  Solution  (0.1  N).  Dilute  9  ml.  of 
hydrochloric  acid  (sp.  gr.  1.19)  to  1000  ml.  with  zinc-free  distilled 
water. 

Ammonium  Hydroxide  Solution  (0.1  N).  Dilute  8  ml.  of 
ammonium  hydroxide  (sp.  gr.  0.90)  to  1000  ml.  with  zinc-free 
distilled  water. 

Methyl  Orange  Indicator  Solution.  Dissolve  0.1  gram  of 
methyl  orange  in  100  ml.  of  zinc-free  distilled  water. 

Sodium  Thiosulfate  Solution.  Dissolve  15  grams  of  c.p. 
sodium  thiosulfate  in  100  ml.  of  zinc-free  distilled  water. 

Phthalate  Buffer  Solution  (pH  6.0).  Add  79  ml.  of  0.1  N 
sodium  hydroxide  to  2.000  grams  of  c.p.  acid  potassium  phthalate 
in  a  100-ml.  volumetric  flask  and  dilute  to  the  mark  with  zinc- 
free  distilled  water. 

Chloroform-Dithizone  Solution.  Dissolve  0.010  gram  of 
diphenylthiocarbazone  in  100  ml.  of  c.p.  chloroform  and  store 
in  a  glass-stoppered  brown  bottle. 

Carbon  Tetrachloride-Dithizone  Solution.  Dissolve 
0.010  gram  of  diphenylthiocarbazone  in  500  ml.  of  c.p.  carbon 
tetrachloride  and  store  in  a  glass-stoppered,  brown  bottle. 

Sodium  Sulfide  Solution.  Dissolve  0.05  gram  of  c.p.  sodium 
sulfide  in  100  ml.  of  zinc-free  distilled  water. 


PROCEDURE 

Transfer  0.05  gram  of  the  sample  to  a  50-ml.  Erlenmeyer  flask, 
add  3  ml.  of  concentrated  hydrochloric  acid  and  2  ml.  of  concen¬ 
trated  nitric  acid,  and  warm  until  solution  is  complete.  Add  3 
ml.  of  70%  perchloric  acid  and  1  drop  of  48%  hydrofluoric  acid, 
and  place  on  a  hot  plate.  Evaporate  the  solution  until  perchloric 
acid  vapors  condense  in  the  neck  of  the  flask  and  all  the  chromium 
is  oxidized.  Introduce  a  stream  of  dry  hydrochloric  acid  gas  into 
the  flask  to  volatilize  chromium  and  tin.  Cool  the  flask  and 
dilute  with  10  ml.  of  zinc-free  distilled  water. 

Add  5  ml.  of  citric  acid  solution,  followed  by  sufficient  concen¬ 
trated  ammonium  hydroxide  dropwise  until  the  solution  shows 
alkaline  to  litmus  paper  and  then  2  to  3  drops  in  excess.  The  pH 
of  the  solution  should  be  8.0  to  8.5.  Cool  the  solution  to  room 
temperature  and  transfer  to  a  clean  125-ml.  Squibb  separatory 
funnel  with  a  minimum  amount  of  zinc-free  distilled  water. 

Add  10  ml.  of  chloroform-dithizone  solution  to  the  separatory 
funnel  and  shake  vigorously  for  about  20  seconds.  Allow  the 
chloroform  layer  to  separate  and  withdraw  it  into  another  clean 
separatory  funnel.  A  double  funnel  rack  is  convenient  for  having 
one  set  of  funnels  under  another.  Continue  to  extract  the  aqueous 
solution  with  5-ml.  portions  of  chloroform-dithizone  until  the 
dithizone  is  a  greenish-purple  after  the  shaking,  withdrawing  each 
successive  chloroform  layer  into  the  separatory  funnel  containing 
the  previous  extractions.  If  the  copper  is  not  too  high,  over 
0.50%,  20  to  30  ml.  of  chloroform-dithizone  solution  will  be 
sufficient.  All  the  zinc  is  now  in  solution  in  the  chloroform  as 
zinc  dithizonate  and,  therefore,  the  aqueous  solution  can  be  dis¬ 
carded. 

Add  10  ml.  of  0.1  A  hydrochloric  acid  to  the  chloroform  solu¬ 
tion  and  mix  well  for  at  least  one  minute.  Allow  the  layers  to 
separate,  withdraw  and  discard  the  chloroform.  Add  5  ml.  of 
chloroform  to  the  hydrochloric  acid  solution  and  mix  to  extract 
any  remaining  dithizone.  Remove  the  chloroform  and  repeat 
the  washing  with  one  more  5-ml.  portion  of  chloroform,  discarding 
it  also.  Add  1  drop  of  methyl  orange  indicator  to  the  hydro¬ 
chloric  acid  solution  and  titrate  with  0.1  A  ammonium  hydroxide 
until  the  indicator  changes  to  a  definite  yellow  color.  Add  1  ml. 
of  sodium  thiosulfate  solution  and  5  ml.  of  phthalate  buffer  solu¬ 
tion. 

Add  exactly  25  ml.  of  carbon  tetrachloride-dithizone  solution 
and  shake  for  1  minute,  allow  the  layers  to  separate  thoroughly, 
and  remove  the  aqueous  layer  by  means  of  a  siphon.  Add  25  ml. 
of  sodium  sulfide  solution  to  the  separatory  funnel  and  shake  for 
15  seconds  to  remove  the  excess  dithizone.  When  the  layers  have 
divided,  siphon  off  the  sulfide  solution  and  shake  out  again  with  25 
ml.  of  sodium  sulfide  solution.  After  the  layers  have  separated, 
drain  a  portion  of  the  zinc  dithizonate  in  carbon  tetrachloride  into 
a  colorimeter  cell  and  take  a  reading,  using  a  Klett-Summerson 


photoelectric  colorimeter  with  a  Klett  52  green  filler.  Results 
are  obtained  by  reference  to  a  graph  prepared  from  zinc  standards. 
It  is  very  important  that  a  blank  on  reagents  be  carried  through 
the  procedure  exactly  as  on  the  samples  every  time  determinations 
are  run,  preferably  using  a  steel  sample  known  to  be  free  of  zinc. 

Prepare  standards  by  adding  10  ml.  of  zinc-free  water,  1  ml. 
of  25%  sodium  acetate,  and  varying  amounts  of  standard  zinc 
chloride  solution  to  clean  dry  funnels.  Add  25  ml.  of  carbon 
tetrachloride-dithizone  and  complete  as  directed  above.  A 
Straight-line  curve  is  obtained. 

NOTES  ON  THE  METHOD 

Cleanliness  throughout  the  entire  operation  is  of  prime  im¬ 
portance.  Dust  and  fumes  from  foundries,  furnaces,  mills,  etc., 
were  found  to  have  a  very  high  percentage  of  zinc.  Glassware, 
especially  new,  must  be  thoroughly  cleaned.  Chemicals  used 
must  be  of  the  purest  grade  and  if  found  necessary,  by  test,  they 
should  be  purified  by  making  slightly  ammoniacal  and  extracting 
with  dithizone-chloroform  solution  until  the  dithizone  remains 
green,  then  filtering  through  a  loose  paper  or  pledget  of  cotton. 
The  acids  are  used  from  fresh  stock  bottles  unless  found  to  give 
an  excessively  high  blank;  in  that  case,  the  acid  should  be  re¬ 
distilled.  Exercising  the  greatest  care,  the  blank  can  be  kept 
under  2  micrograms  of  zinc. 

If  the  copper  is  over  0.50%  in  the  sample  it  is  well  to  remove  it 
by  means  of  hydrogen  sulfide  to  prevent  the  use  of  large  amounts 
of  dithizone.  This  is  best  accomplished  by  dissolving  the  sample 
in  5  ml.  of  concentrated  hydrochloric  acid  and  evaporating  to 
approximately  1  ml.  Add  15  ml.  of  zinc-free  water  and  pass  a 
stream  of  hydrogen  sulfide  over  the  surface  of  the  solution, 
swirling  occasionally,  until  saturated.  Heat  to  boiling  and  let 
stand  warm  for  15  minutes.  Filter  on  a  small  paper  and  wash 
with  small  amounts  of  zinc-free  water  into  a  50-ml.  Erlenmeyer 
flask.  Add  the  perchloric  acid  and  follow  the  regular  procedure. 

The  dry  hydrochloric  acid  gas,  for  volatilization  of  chromium 
and  tin,  is  produced  by  allowing  concentrated  hydrochloric  acid 
to  drop  into  concentrated  sulfuric  acid,  via  a  separatory  funnel  in 
a  suction  flask,  and  passing  the  gas  over  the  surface  of  the  solu¬ 
tion  on  a  very  hot  plate. 
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Fluorescent  Bead  Test  for  Uranium  in  Minerals 

A  Critical  Study 

M.  ALLEN  NORTHUP1,  Morristown,  N.  J. 


The  fluorescent  sodium  fluoride  bead  test  will  detect  0.05  microgram 
of  uranium  in  a  single  grain  of  sample.  It  is  specific  except  for 
columbium,  which  gives  a  fainter  fluorescence.  Excess  cerium  or 
rare  earths  interfere.  Both  troubles  are  overcome  in  minerals  con¬ 
taining  over  1  %  of  uranium  by  adjusting  the  ratio  of  sample  to  sodium 
fluoride.  An  ether  extraction  method  for  separating  uranium  from 
columbium,  cerium,  and  the  rare  earths  permits  detection  of  0.0001  % 
of  uranium  in  0.5  gram  of  columbite  or  nonuraniferous  cerium  min¬ 
erals.  Excess  silicon  dioxide,  titanium  dioxide,  etc.,  may  suppress 
fluorescence,  but  can  be  removed  by  extra  heating.  About  1  mole 
of  uranium  in  2000  of  sodium  fluoride  forms  a  fluorescent  complex 
when  fused.  At  low  flame  temperatures  any  excess  remains  undis¬ 
solved.  At  higher  temperatures  excess  is  converted  to  sodium  uranate. 

IN  1926  Nichols  and  Slattery  ( 9 )  noted  that,  when  a  trace  of  a 
uranium  compound  is  fused  with  sodium  fluoride  on  a  plati¬ 
num  wire,  the  resulting  bead  has  a  vivid  lemon  yellow  fluorescence 
under  long-wave  ultraviolet  light.  It  was  stated  that  maximum 
brilliance  occurs  at  a  concentration  of  about  1  mole  of  uranium 
in  2000  of  sodium  fluoride  and  that  the  fluorescence  is  still  visible 
in  10,000,000  moles  of  sodium  fluoride.  Clearly,  a  reaction  of 
this  sensitivity  would  be  very  attractive  for  the  detection  of 
uranium  in  minerals,  if  sufficiently  reliable. 

A  year  later  Papish  and  Hoag  (10)  proposed  using  this  fluo¬ 
rescent  bead  as  a  test  for  uranium.  However,  they  failed  to  make 
an  adequate  study  of  interfering  elements,  noting  only  that 
columbium  pentoxide  produced  a  misleading  fluorescence  in 
sodium  fluoride,  and  that  such  compounds  as  columbium  pent- 
oxide,  titanium  dioxide,  and  silicon  dioxide,  if  present  in  great 
excess  might  reduce  the  brilliance  of  uranium  fluorescence  by 
tying  up  all  or  part  of  the  sodium  fluoride.  They  were  apparently 
unaware  of  a  previous  report  by  Nichols  and  Howes  (8)  regard¬ 
ing  the  production  of  fluorescence  in  sodiu  n  fluoride  by  neo¬ 
dymium  and  erbium. 

Later  Hernegger  (2)  mentioned  that  iron  and  manganese  may 
cause  trouble  bv  coloring  the  bead,  while  thorium  tends  to  reduce 
the  strength  of  uranium  fluorescence.  Both  Hernegger  and 
Karlik  (8)  and  Hoffmann  (4)  proposed  the  fluorescent  sodium 
fluoride  bead  as  the  basis  of  micromethods  for  uranium  deter¬ 
mination,  requiring  laborious  removal  of  all  other  elements. 
Although  their  work  suggests  that  many  elements  may  interfere 
for  quantitative  purposes,  neither  mentioned  whether  the  degree 
of  interference  is  sufficient  to  reduce  the  reliability  of  the  method 
as  a  qualitative  test. 

In  view  of  the  lack  of  complete  data  as  to  what  elements  have 
been  tested  for  the  production  of  a  misleading  fluorescence,  for  the 
existence  and  extent  of  quenching  of  fluorescence,  as  well  as  for 
interference  by  reaction  with  the  sodium  fluoride,  it  seemed 
necessary  to  check  all  the  elements  capable  of  occurrence  in 
minerals  for  the  possible  types  of  interference  before  accepting 
this  method  with  full  confidence.  In  addition,  elements  occurring 
together  in  a  given  mineral  might  react  during  fusion  with  each 
other,  or  with  the  sodium  fluoride,  or  both,  to  form  new  inter¬ 
fering  compounds.  Since  little  has  been  published  regarding  the 
chemistry  of  reactions  in  molten  sodium  fluoride,  the  only  alter¬ 
native  was  to  test  a  representative  series  of  uranium  minerals, 
particularly  as  prior  workers  reported  testing  only  a  very  limited 
number.  As  there  seem  to  have  been  no  other  significant  con¬ 
tributions  to  this  subject,  the  indicated  work  was  undertaken. 

1  Present  address,  %  S.  A.  Murray  Exportadora  Rua  da  Constituisao  37 
Rio  de  Janeiro,  Brazil,  S.  A. 


APPARATUS  AND  METHODS 

It  seemed  likely  that  any  fluorescence  of  elements  other  than 
uranium  might  be  eliminated  by  using  an  argon  bulb,  which  emits 
only  long-wave  ultraviolet  (down  to  approximately  3100  A.). 
This  includes  the  wave  lengths  capable  of  exciting  the  fluores¬ 
cence  of  uranium  in  sodium  fluoride,  whereas  other  sources  may 
produce  both  long-  and  short-wave  radiation.  Short  wave 
lengths  are  not  necessary  for  this  purpose  and  might  excite  inter¬ 
fering  fluorescence  in  test  beads  which  would  be  inert  to  the  near 
ultraviolet.  One  such  instance  is  mentioned  below.  A  quartz- 
mercury  lamp  (R.  &  M.)  with  Corning  No.  9860  filter  produced  a 
very  faint  orange  fluorescence  in  control  beads  made  from  several 
samples  of  c.p.  sodium  fluoride,  again  showing  the  desirability  of 
dispensing  with  all  but  the  ultraviolet  wave  lengths  necessary  to 
excite  uranium  fluorescence. 

It  soon  became  apparent  that  a  filter  would  be  desirable  in 
examining  test  beads  with  only  a  faint  fluorescence.  After  several 
trials,  a  Corning  No.  9860  dark  red-purple  polished  filter  of  3-mm. 
thickness  was  found  most  suitable.  This  also  transmits  shorter 
wave  lengths  than  are  emitted  by  the  argon  bulb,  but  is  of  opti¬ 
mum  density  to  cut  off  most  of  the  visible  light  without  holding 
back  more  than  a  little  of  the  weak  long-wave  ultraviolet  avail¬ 
able. 

The  method  is  similar  to  that  used  for  any  bead  test,  with  the 
exception  of  the  following  precautions: 

1.  Since  the  test  is  exceedingly  sensitive,  it  is  always  neces¬ 
sary  to  have  the  wire  scrupulously  clean  and  to  test  the  sodium 
fluoride  bead  for  fluorescence  before  addition  of  the  sample. 

2.  Maximum  brilliance  of  uranium  fluorescence  was  obtained 
only  when  the  bead  was  heated  until  completely  fluid  and  as  clear 
as  possible  after  addition  of  the  sample. 

3.  Fluorescence  did  not  appear  in  test  beads  until  they  had 
cooled  to  a  point  only  slightly  above  room  temperature. 

4.  A  test  bead  which  is  yellowish  when  cold  may  give  the 
appearance  of  having  a  faint  yellow  fluorescence.  Interposing  the 
No.  9860  filter  will  distinguish  between  true  fluorescence  and  a 
simple  color  effect,  except  in  the  case  of  extremely  faint  fluores¬ 
cence.  In  that  case  examination  of  the  bead  with  a  hand  spectro¬ 
scope  having  a  wide  slit  will  be  helpful.  The  fluorescence  spec¬ 
trum  of  uranium  in  sodium  fluoride  has  a  narrow  band  in  the 
yellow-green  which  is  visible  even  at  very  low  intensity  levels. 

5.  To  avoid  eye  strain  from  the  strong  sodium  flame  and  sub¬ 
sequent  difficulty  in  dark  adaptation,  it  is  helpful  to  use  a  blue 
filter  for  observing  the  bead  during  fusion. 

TESTS  FOR  INTERFERENCE  BY  OTHER  ELEMENTS 

T  Each  of  the  elements  fisted  below  was  added  to  a  nonfluoreseent 
sodium  fluoride  bead,  and  the  bead  was  fused  again,  cooled,  and 
examined  for  fluorescence.  In  most  cases,  additional  portions  of 
the  element  in  question  were  added  and  the  test  was  repeated  to 
check  the  effects  of  both  small  and  large  concentrations  of 
each  element.  The  element  being  tested  was  next  added  in  suc¬ 
cessive  portions  to  a  strongly  fluorescent  sodium  fluoride-uranium 
bead  which  was  fused,  cooled,  and  examined  under  the  argon  bulb 
for  inhibition  of  uranium  fluorescence. 

One  or  more  compounds  of  each  element,  a  mineral  containing 
it,  or  the  free  metal  were  used,  and  various  acid  radicals  or  acid¬ 
forming  oxides  were  studied.  The  elements  tested,  with  the  com¬ 
pounds  used,  were: 

Ag  (Ag,  Ag2SCL,  AgNCb),  A]  (kaolin,  corundum),  As  (Realgar, 
Na3AsCL).  Au  (metal),  B  (Na^Cb),  Ba  (barite),  Be  (beryllonite),  Bi 
(bismutite),  Br  (KBr),  COa--  (calcite,  NajCCb),  Ca  (calcite),  Cb 
(columbite,  ChiCL),  Cd  (greenockite,  CdCh),  CetCeatSChh],  Cl  (NaCl) 
Co  (erythrite,  C02O3),  Cr  (chromite),  Cs  (CsNCh),  Cu  (azurite,  chalco- 
cite),  Er  [Er  (NCbb  crude],  Fe  (hematite,  magnetite),  Ga  (element), 
Ge  (GeCb),  Hf  (cyrtolite),  Hg  (cinnabar),  I  (KI),  In  (metal),  K  (KF, 
KBr,  KI),  La  (La203),  Li  (LLCCb),  Mg  (magnesite),  Mn  (manganite, 
psilomelane).  Mo  (molybdenite,  Na2MoCL.2H20),  Nd  [NdjlCsOffs], 
Ni  (genthite),  PCb  (Na2HPCL,  beryllonite),  Pb  (galena),  Rb 
(RbCl),  Re  (KReOO,  S~“  (chalcocite,  galena),  SO<~"  (Na2SCL),  Sb 
(stibnite),  Sc  [Sc(NOj)3],  Se  (element),  SiO:,  etc.  (quartz,  wollasto- 
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nite),  Sn  (cassiterite,  SnC>2),  Sr  (strontianite) ,  Ta  (TazOs,  euxenite), 
Te  (metal),  Th  [Th  (NOi)i],  Ti  (TiOj,  rutile),  T1  [Tl(NOj),],  V  (V2Os, 
carnotite),  W  (Na2WC>4.2H20,  wolframite),  Y  [Y(NOj)i],  Zn  (sphal¬ 
erite,  smithsonite) ,  and  Zr  (zircon,  cyrtolite,  Zr02). 

The  remaining  elements  were  not  tested  individually. 

Gaseous  elements  were  omitted  for  obvious  reasons.  Oxygen 
as  such  is  without  effect,  as  shown  by  the  fact  that  neither  the 
oxidizing  nor  reducing  flames  influence  the  fluorescence  of  ura¬ 
nium  in  sodium  fluoride.  The  numerous  oxides  tested  failed  to 
show  any  effect  traceable  to  oxygen  in  chemical  combination. 

No  preparations  containing  significant  quantities  of  radium 
or  mesothorium  were  available. 

Hafnium  was  investigated  only  to  the  extent  that  a  positive 
test  for  uranium  was  obtained  with  cyrtolite  from  Bedford,  N.  Y., 
containing  5.5%  of  hafnium  dioxide  (6).  No  unusual  fluores¬ 
cence  color  or  other  effect  not  traceable  to  the  relatively  low 
per  cent  of  uranium  in  the  mineral  was  noted.  Similarly,  the 
rare  earths  dysprosium,  europium,  gadolinium,  holmium,  lute¬ 
cium,  praseodymium,  samarium,  terbium,  thulium,  and  ytter¬ 
bium  were  not  examined  individually  except  as  they  may  have 
been  present  in  the  minerals  tested.  Cerium,  lanthanum,  and 
neodymium  in  the  cerium  earth  group  and  yttrium  and  erbium 
in  the  yttrium  group  were  found  to  have  exactly  similar  behavior 
in  the  test.  A  crude  ceric  nitrate  preparation  containing  most 
of  the  rare  earths  also  behaved  just  like  the  individual  salts.  In 
view  of  this  and  their  extreme  similarity,  it  did  not  seem  neces¬ 
sary  to  include  the  other  members.  Scandium,  however,  was 
tested  because  of  its  low  atomic  weight  (45.1)  as  compared  with 
that  of  the  other  rare  earths  (140  to  175). 

INTERFERENCE 

A.  Production  of  Fluorescence  by  Other  Elements. 
Only  columbium  of  all  the  elements  tested  caused  any  fluores¬ 
cence  in  the  sodium  fluoride  bead  under  an  argon  bulb  and  Corn¬ 
ing  No.  9860  filter.  In  agreement  with  Papish  and  Hoag  (10) 
it  was  found  that  this  element  when  introduced  into  the  bead  as 
columbium  pentoxide,  or  a  columbate,  causes  a  faint  greenish 
yellow  fluorescence.  This  was  verified  by  tests  made  on  colum- 
bite  from  Bedford,  N.  Y.,  and  Colorado,  as  well  as  purified  colum¬ 
bium  pentoxide.  Both  of  the  columbites  appeared  to  be  free  of 
admixed  uranium  minerals  and  neither  the  Bedford  columbite 
nor  the  columbium  pentoxide  darkened  a  photographic  plate  in 
25  days’  exposure.  No  simple  way  of  distinguishing  positively 
between  columbium  and  uranium  fluorescence  under  all  possible 
conditions  was  found.  The  suggestion  of  Papish  and  Hoag  (10) 
that  potassium  fluoride  instead  of  sodium  fluoride  be  used  is 
valid,  in  so  far  as  columbium  does  not  cause  fluorescence  in 
potassium  fluoride,  but  is  undesirable  because  of  the  very  much 
lower  sensitivity  of  the  test  for  uranium  in  potassium  fluoride 
and  the  greater  inhibiting  effect  of  such  elements  as  iron,  man¬ 
ganese,  and  columbium.  It  is  precisely  in  looking  for  a  trace  of 
uranium  as  an  impurity  in  columbium  minerals  that  trouble 
would  be  most  likely  to  be  encountered. 

Any  mineral  containing  uranium  as  an  essential  constituent, 
and  almost  any  containing  admixed  uranium  in  excess  of  about 
1%  (as  discussed  below),  produces  vivid  lemon-yellow  fluores¬ 
cence  in  the  sodium  fluoride  bead  under  an  argon  bulb  without 
any  filter.  This  holds  true  over  a  considerable  range  of  con¬ 
centration  (which  can  be  approximated  by  using  a  sample  from 
the  size  of  a  pinhead  to  half  that  amount  in  a  bead  of  about  0.3- 
cm.,  0.125-inch,  diameter)  providing  that  the  bead  is  heated  until 
a  clear  fusion  is  obtained.  On  the  other  hand,  columbium, 
although  causing  detectable  fluoiescence  at  very  small  concen¬ 
trations,  requires  a  very  much  higher  concentration  than  does 
uranium  for  the  production  of  fluorescence  visible  without  a 
filter.  Even  at  the  optimum  concentration,  columbium  fluores¬ 
cence  is  comparatively  faint.  As  long  as  the  ratio  of  sample  to 
sodium  fluoride  is  kept  within  the  range  suggested  above,  and  no 


filter  is  used,  columbium  will  not  give  a  visible  fluorescence. 
This  very  large  intensity  difference  provides  a  criterion  for  dis¬ 
tinguishing  between  the  two  elements  which  has  been  found 
reliable  in  the  great  majority  of  cases. 

However,  in  testing  minerals  which  do  not  ordinarily  contain 
uranium  for  traces  of  that  element,  it  may  be  necessary  greatly  to 
increase  the  size  of  the  sample.  When  the  available  sample  is 
limited  to  a  few  grains  of  powder,  necessitating  a  reduction  in 
bead  size,  the  ratio  of  sample  to  sodium  fluoride  becomes  difficult 
to  estimate.  Either  factor  would  tend  to  vitiate  reliance  in  the 
concentration-intensity  difference  given  above.  This  is  particu¬ 
larly  so  if  it  becomes  necessary  to  use  a  filter  for  the  detection 
of  very  faint  fluorescence,  as  small  to  moderate  concentrations  of 
columbium  over  a  wider  range  then  produce  a  fluorescence  which 
could  readily  be  confused  with  that  caused  by  a  very  low  concen¬ 
tration  of  uranium.  In  this  case  the  intensity  difference  cannot 
be  relied  upon  because  certain  metallic  impurities  as  discussed 
below  may  weaken  uranium  fluorescence.  Nor  is  the  slight  color 
difference  reliable,  both  because  columbium  fluorescence  tends 
to  be  more  yellowish  under  the  filter,  and  because  various  im¬ 
purities  may  cause  the  ordinarily  yellow  uranium  fluorescence  to 
assume -a  greenish  cast.  Even  so,  it  will  often  be  possible  to  dis¬ 
tinguish  uranium  fluorescence  with  certainty.  Thus,  a  sample  of 
columbite  closely  associated  with  euxenite  gave  a  very  much 
stronger  fluorescence  than  the  two  other  columbites  referred  to 
above,  using  like  concentrations.  However,  it  would  have  been 
impossible  to  say  whether  or  not  a  very  small  trace  of  uranium 
was  present  in  the  purer  columbites. 

Examination  of  such  weakly  fluorescent  beads  with  a  hand 
spectroscope  was  tried  without  success.  The  two  fluorescence 
spectra  are  markedly  different  at  high  intensity  levels,  but  at 
very  low  levels  only  a  narrow  green  band  in  either  spectrum  per¬ 
sists. 

It  therefore  appears  that  some  confirmatory  test  is  required  to 
establish  positively  the  presence  of  minute  traces  of  uranium, 
particularly  in  columbium  minerals.  A  test  for  radioactivity 
(interference  by  thorium)  or  chemical  pretreatment  of  the  sample 
(see  below)  suggests  itself.  In  this  connection,  no  direct 
treatment  of  the  bead  was  found  which  would  suppress  the 
fluorescence  of  columbium  without  affecting  that  of  uranium. 
Among  the  expedients  tried  were: 

Use  of  lithium  fluoride  in  place  of  sodium  fluoride  (both  uranium 
and  columbium  give  a  pale  green  fluorescence). 

Heating  the  bead  in  a  blast  lamp  (fluorescence  from  both 
sources  is  stable). 

Addition  of  potassium  chloride  to  the  sodium  fluoride-colum- 
bium  bead  (does  not  completely  suppress  fluorescence). 

Strong  (flame)  reduction  or  oxidation  of  sodium  fluoride- 
columbium  bead  (only  slight  effect). 

Reduction  of  sodium  fluoride-columbium  bead  with  metallic 
tin  (slight  effect). 

Addition  of  titanium  dioxide  to  sodium  fluoride-columbium  in 
increasing  amounts  with  strong  oxidation  or  reduction  (no  effect). 

Dissolving  sodium  fluoride-columbium  bead  in  water,  filtering 
off  insoluble  matter,  evaporation  of  filtrate,  and  forming  a  bead 
from  the  residue  (fluorescence  unimpaired). 

The  fact  that  tantalum  produces  no  fluorescence  while  colum¬ 
bium  does  provides  a  simple  and  moderately  sensitive  test  for 
the  absence  of  columbium  in  tantalum  preparations. 

It  is  noteworthy  that  neither  the  blue  fluorescence  of  neo¬ 
dymium  in  sodium  fluoride  nor  the  green  of  erbium  reported  by 
Nichols  and  Howes  (8)  was  detected  with  the  argon  bulb  and 
filter.  Neither  could  fluorescence  due  to  erbium  in  sodium 
fluoride  be  detected  with  a  condensed  iron  spark  (as  used  by 
Nichols  and  Howes).  This  may  have  been  due  to  the  presence 
of  neodymium  (as  shown  by  the  absorption  spectrum)  and  no 
doubt  other  rare  earths,  in  the  crude  erbium  nitrate  used.  The 
above  authors  found  in  the  course  of  the  same  work  that  many 
rare  earth  elements  quench  the  usual  cathodo-luminescence  of 
single  ones  fused  into  sodium  fluoride  or  other  fluxes.  A  similar 
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quenching  of  the  fluorescence  which  should  have  been  caused  by 
erbium  may  have  occurred  in  the  present  tests. 

On  the  other  hand,  a  neodymium  oxalate  preparation  when 
fused  into  sodium  fluoride  produced  a  faint  greenish  yellow 
fluorescence  and  a  faint  greenish  phosphorescence  under  the  iron 
spark  with  Corning  No.  9860  filter,  but  not  under  the  argon  bulb 
either  with  or  without  the  filter.  Whether  this  “off  color” 
luminescence  was  caused  by  neodymium  or  by  some  impurity  in 
the  preparation  used  is  not  known.  At  any  rate,  no  trouble  with 
interfering  fluorescence  due  to  rare  earth  elements  is  to  be  ex¬ 
pected  if  an  argon  bulb  is  used  as  the  source  of  ultraviolet.  This 
would  seem  to  be  made  doubly  certain  by  the  probable  quenching 
effect  of  certain  of  these  elements  on  the  luminescence  of  others, 
making  it  unlikely  that  the  mixtures  of  rare  earth  elements 
occurring  in  minerals  would  ever  produce  fluorescence. 

B.  Inhibition  of  Uranium  Fluorescence.  No  instance  of 
specific  quenching  action  was  found. .  In  all  cases  where  a  dim¬ 
ming  of  uranium  fluorescence  was  observed,  it  was  caused  only 
by  adding  other  elements  far  in  excess  of  the  amount  of  uranium 
and  usually  approaching  the  weight  of  sodium  fluoride,  or,  at 
least,  a  large  fraction  thereof. 

Papish  and  Hoag  (10)  mentioned  that  certain  acidic-  oxides 
including  silica,  titanium  dioxide,  columbium  pentoxide,  and 
others  (by  inference)  are  capable  of  interference.  Accordingly,  a 
number  of  such  oxides,  or  in  some  cases,  the  corresponding  sodium 
salts,  were  tested,  with  the  result  that  very  high  concentrations  of 
silica,  titanium  dioxide,  vanadium  pentoxide,  sodium  phosphate, 
germanium  dioxide,  and  sodium  arsenate  were  found  to  cause 
diminution  of  the  intensity  of  uranium  fluorescence.  This  effect 
was  roughly  proportional  to  the  amount  added  and  was  most 
noticeable  on  cooling  the  bead  immediately  after  the  added  sub¬ 
stance  had  fused  into  it.  On  slightly  longer  heating,  particularly 
in  the  case  of  sodium  arsenate  and  germanium  dioxide,  the 
inhibition  was  completely  removed.  A  similar  removal  of  the 
quenching  effect  was  found  with  the  other  materials,  except  that 
the  length  of  heating  required  to  remove  silica  was  3  to  5  minutes. 
The  other  oxides  were  increasingly  easy  to  remove,  in  the  order 
given  above.  This  fact  provides  a  simple  means  of  preventing 
interference  by  such  materials  and  one  which  is  superior  to  the 
suggestion  of  Papish  and  Hoag  that  additional  sodium  fluoride 
be  added  to  dilute  silica,  or  the  like  below  the  point  at  which  it 
caminterfere.  The  latter  method  has  the  drawback  of  also  dilut¬ 
ing  any  uranium  present  in  the  bead,  thus  reducing  the  sensitivity 
of  the  test.  While  such  dilution  would  not  be  serious  in  testing  a 
mineral  like  uranophane,  it  might  easily  render  the  test  useless 
for  detecting  a  trace  of  uranium  in  something  like  fluorescent 
hyalite. 

Similarly,  columbium  pentoxide  and,  to  a  less  extent,  tantalum 
pentoxide  reduce  the  intensity  of  uranium  fluorescence  when 
added  to  the  bead  in  large  amounts.  However,  this  effect  is 
limited  by  the  comparatively  slight  solubility  of  these  oxides  in 
molten  sodium  fluoride,  so  that  their  influence  would  not  ordi¬ 
narily  be  troublesome.  Attempts  to  remove  these  oxides  by  pro¬ 
longed  heating  were  unsuccessful,  making  it  necessary  to  de¬ 
crease  their  concentration  by  adding  more  sodium  fluoride,  or  by 
starting  over  with  a  larger  bead  and  a  smaller  sample  in  case 
trouble  is  encountered. 

Manganese  produces  a  strong  bluish  green  color  when  added 
to  the  sodium  fluoride  bead.  This  coloration,  if  intense,  diminishes 
or  may  even  suppress  uranium  fluorescence,  possibly  in  part  by 
rendering  the  surface  of  the  bead  opaque  to  weak,  long-wave 
ultraviolet.  The  bead  may  be  decolorized  with  difficulty  by 
prolonged  heating,  either  in  the  oxidizing  flame,  or  alternately  in 
a  reducing  and  then  an  oxidizing  flame.  The  uranium  fluores¬ 
cence  thus  restored  is  fainter  than  it  would  otherwise  have  been 
but  would  suffice  for  a  test  if  a  filter  were  used.  In  general,  when¬ 
ever  a  bead  of  any  dark  color  is  obtained,  it  is  preferable  to 
start  over  with  a  fresh  bead  and  a  smaller  sample.  The  bluish 
green  color  produced  by  manganese  would  suffice  for  the  qualita¬ 


tive  detection  of  that  element.  It  has  also  been  proposed  by 
Hoffmann  (5)  as  the  basis  for  a  quantitative  micromethod. 
However,  it  does  not  seem  to  offer  any  particular  advantage  over 
the  customary  sodium  carbonate  bead  test  for  either  purpose. 

Borax  is  unique  among  the  oxy  salts  tested,  in  that  as  the  con¬ 
centration  is  increased  with  respect  to  sodium  fluoride,  it  first 
reduces  the  intensity  of  yellow  uranium  fluorescence  and  finally 
causes  inversion  to  the  usual  faint  green  fluorescence  of  uranium 
in  borax.  This  fluorescence  is  visible  only  with  the  filter  and  its 
spectrum  is  continuous.  It  was  attributed  by  Nichols  and  Slat¬ 
tery  (9)  and  by  Slattery  (11)  to  a  uranyl  salt. 

Of  the  other  acidic  oxides  and  oxy  salts  tested,  sulfate,  tung¬ 
state,  molybdate,  perrhenate,  and  carbonate  had  no  effect  whatever, 
even  when  added  in  excess  of  the  sodium  fluoride.  All  halides  of 
the  alkali  metals  were  likewise  without  effect,  as  were  nitrates. 

Certain  metallic  elements  were  also  found  to  interfere  if  present 
in  too  large  excess,  although  no  trouble  was  encountered  when  the 
amounts  were  comparable  to,  or  less  than,  that  of  the  uranium, 
Most  prominent  of  these  elements  are  cerium  and  the  rare  earths. 
Interestingly,  scandium,  with  its  much  lower  atomic  weight  than 
the  other  rare  earths,  is  quite  without  effect.  Interference  from 
an  excess  of  these  elements  cannot  be  removed  by  prolonged 
heating,  nor  by  strong  oxidation  or  reduction.  However,  in 
favorable  cases  it  is  possible  by  long  heating  to  cause  rare  earth 
compounds  present  in  excess  of  their  solubility  to  coalesce  and 
sink  to  the  bottom  of  the  bead,  leaving  a  clear  upper  portion. 
When  cold,  uranium  fluorescence  will  usually  be  visible  with  a 
filter  in  this  clear  portion.  Also  at  times,  minute  droplets  of 
molten  sodium  fluoride  creep  up  the  wire  away  from  the  bead 
during  heating.  In  many  cases  these  droplets  will  show  brilliant 
uranium  fluorescence  although  the  main  bead  has  been  com¬ 
pletely  quenched  by  the  addition  of  a  rare  earth  compound. 
This  effect  depends  partly  on  uranium’s  being  more  readily  solu¬ 
ble  in  molten  sodium  fluoride  than  the  interfering  element,  and 
partly  on  the  manner  of  heating.  Neither  of  these  effects  is 
sufficiently  reproducible  to  furnish  a  reliable  means  of  detecting 
traces  of  uranium  in  the  presence  of  large  quantities  of  rare 
earths.  Interference  from  these  elements  is  readily  avoided  by 
reducing  the  size  of  sample  as  compared  with  that  of  the  bead, 
or,  if  encountered,  can  be  eliminated  by  adding  more  sodium 
fluoride,  preferably  to  a  small  fragment  of  the  original  bead. 
However,  this  interference  does  tend  to  establish  a  lower  limit  of 
sensitivity  to  the  unmodified  bead  test  as  applied  to  rare  earth 
minerals.  At  some  low  percentage  of  uranium  in  such  minerals 
it  will  no  longer  be  possible  to  keep  the  concentration  of  rare 
earths  in  the  bead  below  the  point  of  interference  without,  at  the 
same  time,  reducing  the  concentration  of  uranium  below  the 
point  at  which  it  could  cause  fluorescence  if  present  alone  in  the 
bead. 

A  similar  interference  was  observed  with  magnesium,  and  to  a 
less  extent  with  calcium,  barium,  strontium,  and  aluminum. 

Many  compounds  have  a  tendency  to  color  the  bead  if  incom¬ 
pletely  dissolved,  especially  if  concentrated.  In  nearly  all  cases 
this  coloration,  except  as  caused  by  manganese  and  cobalt 
(which  latter  gives  a  pale  gray  blue)  can  be  easily  removed  by  a 
little  longer  heating.  Since  any  marked  coloration  or  darkening 
of  the  bead  is  apt  to  obscure  the  test,  the  bead  should  be  heated 
until  clear  and  transparent  when  hot,  and  white  or  nearly  so  when 
cold.  Either  the  oxidizing  or  reducing  flame  may  be  used,  de¬ 
pending  upon  which  gives  the  best  results.  To  illustrate,  it  was 
found  that  wollastonite  added  to  a  sodium  fluoride-uranium 
bead  produced  a  grayish  nonfluorescent  bead  when  heated  at 
length  in  a  mildly  reducing  flame  (during  an  attempt  to  remove 
the  effect  of  silica).  However,  fluorescence  was  completely  re¬ 
stored  on  brief  heating  again  in  the  oxidizing  flame.  The  gray 
color  and  accompanying  interference  were  probably  due  in  part 
to  compounds  derived  from  metallic  impurities  in  the  wollasto¬ 
nite.  Furthermore,  both  lead  and  bismuth  when  insufficiently 
heated  tend  to  produce  a  yellowish  color  which  might  conceiv- 
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ably  be  mistaken  for  a  faint  uranium  fluorescence,  if  examined 
under  an  argon  bulb  without  the  filter.  Other  materials  tending 
to  color  the  bead  yellowish,  or  orange  to  brown,  are  elemental 
selenium  and  indium,  sphalerite,  many  (impure)  rare  earth  salts, 
and  hematite.  Readily  reducible  compounds  including  those  of 
arsenic,  antimony,  and  bismuth,  many  sulfides,  and  silver  salts 
tend  to  color  the  bead  gray  or  black  unless  a  strongly  oxidizing 
flame  is  used  (or  the  sample  is  previously  roasted).  Excess 
uranium,  impure  rutile,  molybdenite,  vanadium  pentoxide,  and 
thallium  nitrate  all  produced  a  fugitive  brick-red  color. 

None  of  the  other  materials  tested  caused  any  interference 
whatsoever. 


APPLICATION  OF  THE  TEST  TO  URANIUM  MINERALS 

There  seemed  to  be  a  need  for  testing  a  representative  series  of 
uranium  minerals  in  order  to  establish  whether  or  not  the  mix¬ 
tures  of  other  elements  present  would  reduce  the  reliability  of  the 
method.  Accordingly,  a  variety  of  significant  minerals  were 
tested,  as  shown  in  Table  I.  Following  the  experience  gained  in 
checking  individual  elements,  the  minerals  in  Groups  B  and  C 
were  all  subjected  to  prolonged  heating  in  the  bead  to  eliminate 
the  effect  of  their  large  content  of  silica  or  phosphorus  pent- 
oxide. 

All  the  minerals  in  Group  A  (containing  essential  uranium,  or 
uranium  in  excess  of  1  to  2%)  gave  a  positive  reaction.  Clearly, 
the  other  elements  in  these  minerals  do  not  interfere  with  the  test 
either  singly  or  as  mixtures  when  present  in  amounts  comparable 
to  the  uranium,  or  only  exceeding  it  by  small  multiples.  Spe- 

Icifically,  combinations  of  columbium,  tantalum,  titanium,  rare 
earths,  cerium,  thorium,  zirconium,  hafnium,  calcium,  copper, 
vanadium,  iron,  silica,  and  phosphorus  pentoxide,  as  represented 
by  the  above  minerals  do  not  interfere  in  the  least,  provided  that 
there  is  a  content  of  1,  2,  or  more  %  of  uranium. 

Considering  uranophane  as  typical  of  the  many  known  pul¬ 
verulent  yellow  secondary  uranium  minerals,  it  is  interesting 
that  other  minerals  of  similar  appearance  (molybdite,  tungstite, 


Table  I.  Tests  of  Uranium  Minerals 

Approxi-  Bead 
mate  %  Fluores- 

Mineral  Locality  of  UsOs  scence“ 

A.  Minerals  Containing  Essential  Uranium 


Uraninite 

Ruggles  Mine,  Grafton,  N.  H. 

76 

(as  U) 

62.7 
(as  UO3) 

+  +  +  + 

Autunite 

Bedford,  N.  Y. 

+  +  +  + 

Uranophane 

Mitchell  County,  N.  C. 

53-67 

+  +  +  + 

Torbernite 

Avery  County,  N.  C. 

55 

+  +  +  + 

Carnotite 

San  Miguel  County,  Colo. 

50-55 

+  +  +  + 

Thorogummite 

Easton,  Pa.  37-43 

(25-40%  Th02) 

+  +  +  + 

Ellsworthite 

Hybla, -Ontario 

18-20 

+  +  +  + 

Euxenite 

Sahamendrevo,  Madagascar 

15-16 

+  +  +  + 

Samarskite 

Mitchell  County,  N.  C. 

10-13 

+  +  +  + 

Thorite 

Madagascar 

7.7 

(65%  ThOz) 

+  +  + 

Cyrtolite 

Bedford,  N.  Y. 

7 . 3  =t= 

+  +  + 

Polycrase 

Minas  Gerais,  Brazil 

6.5  + 

+  +  + 

Fergusonite 

Mitchell  County,  N.  C. 

0-7 

+  +  + 

B.  Rare  Earth  or  Thorium  Minerals  Containing  Traces  of  Uranium 


Lovchorrite 

Kola  Peninsula 

0-0.  X 

+ 

Cerite 

Jamestown,  Colo. 

0.5 

+ 

Gadolinite 

Kingman,  Ariz. 

0-0.  X 

+ 

Gadolinite 

Llano  County,  Tex. 

0-0.  X 

— 

Allanite 

Sparta  Junction,  N.  J. 

0-0.  X 

— 

Allanite 

Yancey  County,  N.  C. 

0-0.  X 

? 

Monazite 

Yancey  County,  N.  C. 

0-0.  X 

? 

Monazite 

Idaho 

0-0.  X 

? 

C.  Miscellaneous  Minerals  Not  Usually  Containing  Uranium 


Hyalite 

Mitchell  County,  N.  C. 

? 

+  + 

Semiopal 

Arizona 

? 

+  + 

Moss  agate 

Fremont  County,  Wyo. 

? 

+  + 

Columbite 

Various 

0-0.  X 

See  hdg.  Inter¬ 
ference,  A. 

a  Very  strong  -1 — 1 — | — ,  strong  -\ — 1 — h .  weak  (barely  visible  without  filter) 
+  +  ,  very  weak  (filter  required)  +  ,  doubtful  ?,  absent  — . 


bismutite,  greenockite)  not  only  do  not  impart  any  fluorescence  to 
the  bead,  but  do  not  interfere  seriously  with  fluorescence  due  to 
uranium. 

In  the  case  of  cerium,  rare  earth,  and/or  thorium  minerals 
commonly  containing  little  or  no  uranium,  the  inhibiting  effect 
of  rare  earths  becomes  much  more  troublesome.  With  such  miner¬ 
als  the  ratio  of  sample  to  sodium  fluoride  is  critical,  so  that  it 
is  best  to  try  a  very  small  grain  first  and  then  repeat  the  test 
with  successive  small  grains.  Finally,  if  the  result  is  still  nega¬ 
tive,  the  major  portion  of  the  bead  should  be  broken  away  from 
the  wire  and  a  fresh  bead  formed  over  the  remaining  fragments. 
By  this  means  one  is  most  likely  to  find  the  optimum  ratio  of 
sample  to  sodium  fluoride  for  the  particular  mineral  under  test. 

A  filter  will  generally  be  required  when  working  in  this  low  range 
of  uranium  content.  It  is  also  helpful  to  allow  the  eyes  to  become 
somewhat  dark-adapted  before  examining  such  a  bead  for 
fluorescence  as  well  as  to  use  a  blue  filter  for  observing  the  bead 
during  fusion.  This  avoids  an  annoying  persistence  effect  of  the 
sodium  flame.  In  the  above  tests,  for  example,  a  faintly  positive 
test  was  obtained  on  the  first  trial  with  lovchorrite  (15%  cerium 
and  rare  earths),  whereas  with  cerite  (about  60%  cerium  and 
cerium  earths)  the  first  tiny  grain  caused  a  faint  fluorescence 
which  was  destroyed  by  the  addition  of  a  second  grain.  This 
cerite  contains  about  0.5%  U308  which,  to  judge  from  its 
auto  radiograph  ( 1 ),  is  present  about  half  as  specks  of  an 
included  uranium  mineral,  and  half  as  uniformly  disseminated 
uranium.  The  sample  appeared  free  of  specks  (20  X  magnifica¬ 
tion),  which  would  place  the  limiting  concentration  of  uranium 
detectable  by  the  direct  bead  test  in  a  mineral  of  high  rare  earth 
content  at  0.2  or  0.3%. 

The  fluorescence  obtained  with  lovchorrite,  cerite,  and  Arizona 
gadolinite  was  definitely  yellow,  indicating  uranium  rather  than 
columbium.  However,  that  obtained  with  the  allanite  and 
monazite  listed  as  doubtful  was  too  faint  to  permit  a  positive 
conclusion.  Since  far  less  uranium  than  columbium  is  needed  to 
cause  even  this  faint  fluorescence,  thus  requiring  a  smaller  chance 
admixture,  and  since  uranium  tends  to  occur  with  thorium,  it 
seems  probable  that  the  fluorescence  was  caused  by  uranium. 
Based  on  the  result  with  cerite,  it  may  then  be  assumed  that  the 
minerals  listed  as  doubtful  contain  somewhat  less  than  0.2% 
uranium. 

The  sensitivity  of  the  test  for  traces  of  uranium  in  minerals 
containing  no  interfering  elements  is  well  shown  by  the  ease  with 
which  a  positive  test  was  obtained  on  hyalite,  moss  agate,  and 
semiopal.  In  such  cases  a  much  larger  sample  can  be  used,  pro¬ 
viding  only  that  unduly  long  heating  is  not  required  to  eliminate 
the  effect  of  silica.  This  test,  together  with  the  fact  that  faint 
green  uranyl  bands  can  be  detected  in  the  fluorescence  spectra 
with  a  simple  hand  spectroscope,  affords  a  nice  demonstration 
that  the  fluorescence  of  these  minerals  is  due  to  included  uranyl 
compounds.  The  behavior  of  uranium  glass  is  exactly  similar. 

CHEMICAL  PRETREATMENT  OF  SAMPLE 

It  was  apparent  that  a  simple  chemical  treatment  which  would 
serve  to  concentrate  uranium  at  the  expense  of  columbium,  rare 
earths,  and  other  interfering  elements  would  be  desirable.  Sev¬ 
eral  methods  were  tried,  but  were  abandoned  because  they  were 
too  cumbersome  or  failed  to  give  a  sharp  separation.  It  was 
eventually  suggested  (7)  to  the  writer  that  the  fact  that  uranyl 
nitrate  hexahydrate  is  readily  soluble  in  ethyl  ether  might  be 
used  as  the  basis  of  separation.  This  was  found  to  be  the  case, 
and  after  considerable  investigation  of  the  details,  the  following 
procedure  was  adopted: 

From  0.3  to  0.5  gram  of  finely  ground  sample  is  mixed  with 
about  10  times  as  much  sodium  carbonate  and  fused  in  a  platinum 
dish  until  no  further  decomposition  appears  to  take  place.  The 
cold  fusion  is  dissolved  in  distilled  water  plus  a  slight  excess  of 
nitric  acid. 
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The  acidified  mixture  in  the  original' dish  is  then  evaporated  to 
dryness  on  a  steam  bath,  or  controlled  hot  plate.  Care  is  taken 
to  remove  as  much  acid  as  possible,  in  order  to  avoid  an  undue 
amount  of  iron  passing  into  the  subsequent  ether  extracts.  On 
the  other  hand,  excessive  baking  tends  to  lower  the  amount  of 
uranium  which  can  be  extracted. 

The  residue  is  then  extracted  3  to  5  times  with  ethyl  ether  which 
has  been  saturated  with  water.  This,  plus  condensation  between 
extractions,  will  ensure  the  presence  of  enough  water  to  form  the 
ether-soluble  hexahydrate  of  uranyl  nitrate.  Enough  ether  is 
used  each  time  to  cover  the  residue  and  any  lumps  are  broken  up 
with  a  glass  rod.  After  a  few  extractions,  the  residue  will  become 
moist,  but  not  before  40  to  50  cc.  of  ether  have  been  used,  so  that 
this  will  not  interfere  with  extraction  of  the  major  portion  of  the 
uranium.  The  foregoing  extraction  method  was  found  preferable 
to  the  seemingly  more  efficient  liquid-phase  extraction  of  an  acid 
solution  of  the  fusion  residue.  The  latter  permitted  considerable 
columbium,  possibly  as  oxyhydrate,  to  get  into  the  ether  extract 
in  colloidal  suspension. 

Each  ether  extract  is  decanted  through  a  dry  filter  paper  into  a 
suitable  flask  and  the  combined  extracts  are  evaporated  to  dryness 
preferably  under  a  gentle  air  stream  to  prevent  creeping.  At  this 
point  macroamounts  of  uranium  will  be  visible  as  a  deep  yellow 
residue  or  solution.  More  or  less  ferric  nitrate  and/or  whitish 
insoluble  matter  may  also  be  present.  The  latter  may  consist  in 
part  of  columbium,  tantalum,  or  rare  earth  compounds. 

The  residue  from  the  ether  extracts  is  taken  up  in  5  to  10  ml. 
of  water  and  evaporated  to  dryness.  Gentle  heating  is  continued 
long  enough  to  convert  any  ferric  nitrate  to  ferric  hydroxide.. 
This  treatment  will  also  tend  to  render  any  traces  of  columbium, 
tantalum,  or  rare  earth  compounds  less  dispersible  and  is  there¬ 
fore  essential  when  seeking  a  trace  of  uranium  in  minerals  con¬ 
taining  substantial  amounts  of  such  substances. 

This  evaporation  residue  is  taken  up  in  a  small  volume  of  water, 
filtered,  and  evaporated  to  dryness.  This  treatment  is  repeated 
until  a  final  residue  when  taken  up  in  water  yields  a  perfectly 
clear  solution.  Two  dehydrations  will  ordinarily  suffice,  though 
a  third  may  sometimes  be  necessary  if  the  amount  of  uranium  ex¬ 
pected  is  extremely  small.  Four  were  required  in  order  to  obtain 
a  satisfactory  blank  on  a  sample  of  columbium  pentoxide  and 
even  that  was  not  quite  complete.  There  is  no  evidence  that 
uranium  is  lost  by  dehydration  in  this  treatment,  but  small 
mechanical  losses  will  occur  unless  quantitative  washing  is  used. 

To  the  final  solution  in  a  30-ml.  Pyrex  beaker  about  50  mg.  of 
finely  powdered  sodium  fluoride  are  added  and  the  solution  is 
again  taken  to  dryness.  Heating  is  continued  to  dry  out  the 
sodium  fluoride  thoroughly,  finally  increasing  the  temperature 
until  decrepitation  ceases,  while  carefully  avoiding  fusion  of  the 
sodium  fluoride.  The  resulting  residue  should  be  white  or  nearly 
so.  It  is  scraped  into  a  pile  and  the  bead  test  performed, as  pre¬ 
viously  described.  A  definite  yellow  fluorescence  under  the  argon 
bulb  without  a  filter  may  be  taken  as  conclusive  evidence  of  the 
presence  of  uranium  in  the  sample. 

Considerably  larger  samples  than  that  suggested  could  be 
handled  by  making  several  fusions,  extracting  each  with  ether, 
and  combining  the  extracts. 


The  method  as  described  is  not  quantitative,  as  shown  by  the 
fact  that  a  test  for  uranium  was  obtained  on  the  sodium  nitrate 
residue  from  a  sample  of  betafite,  even  after  5  ether  extractions. 
Complete  recovery  of  uranium  could  probably  be  attained  by 
further  investigation.  However,  this  is  reserved  for  a  later  paper. 

Assuming  that  half  of  the  uranium  is  recovered  and  consider¬ 
ing  the  ultimate  sensitivity  of  the  test,  this  method  has  a  calcu¬ 
lated  sensitivity  of  the  order  of  0.0001%  of  uranium  in  a  0.5-gram 
sample  of  such  minerals  as  gadolinite  or  columbite.  Some  results 
are  presented  in  Table  II. 


SENSITIVITY 

The  approximate  sensitivity  of  the  test  was  determined  by 
adding  a  few  grains  of  powdered  carnotite  to  a  sodium  fluoride 
bead.  This  resulted  in  a  fluorescence  which  was  just  barely  visible 
without  a  filter.  Since  the  amount  of  carnotite  added  was  too 
small  to  be  seen  on  the  cold  bead  before  fusion,  except  under  20  X 
magnification,  it  seems  clear  that  the  test  is  sufficiently  sensitive 
for  even  the  most  exacting  mineragraphic  work. 

The  sensitivity  was  next  determined  quantitatively  by  adding 
known  amounts  of  uranium  to  the  bead.  This  was  accomplished 


Table  II.  Chemical  Treatment  of  Minerals 


Mineral 

Locality 

Weight 

of 

Sample, 

Result  of 
Chemical 

Result  of 

Gram 

Treatment 

Direct  Bead  Test 

Betafite 

Madagascar 

0.1 

+  +  +  + 

+  +  +  + 

Lovchorrite 

Kola  Peninsula 

0.1 

+  4- 

+ 

Gadolinite 

Kingman,  Ariz. 

1.23 

+  +  4-4- 

+ 

Gadolinite 

Llano  Co.,  Tex. 

0.28 

4-4- 

Columbite 
plus  trace  of 
uranophane 

Bedford,  N.  Y. 

0.55 

+  +  +  +  Entirely  inconclusive 

by  diluting  a  solution  of  2.084  grams  of  U30,  in  nitric  acid  and 
adding  0.5  ml.  of  a  solution  of  various  known  dilutions  to  1.0 
gram  of  finely  ground  sodium  fluoride.  Mixing  was  done  in  a 
small  porcelain  crucible  with  a  glass  rod,  giving  a  smooth  paste 
of  such  consistency  that  no  dry  portions  remained  after  mixing 
and  no  excess  liquid  drained  out  on  brief  standing.  Approxi¬ 
mately  50  mg.  of  this  sodium  fluoride  were  taken  for  each  test  as 
determined  by  weighing  the  beads  after  use.  An  approximately 
0.3-cm.  (0.125-inch)  loop  of  platinum  wire  was  used.  In  each 
test  the  bead  was  heated  rapidly  until  clear  and  perfectly  fluid; 
then  was  held  in  that  condition  for  1  minute. 


The  results  are  given  in  Table  III. 


Table  III..  Sensitivity 

Solution 

NaF 

Approxi¬ 

mate 

Weight  of 
U  per 
Bead 

Fluorescence 
(Unfiltered  Argon  Bulb) 

Mg. /ml. 

Mg./g. 

Mg. 

70.69 

35.35 

1.77 

Moderate  (a  few  black  specks) 

2.83 

1.4 

0.07 

Very  strong 

0.113 

0.0565 

2.87 

Weak 

0.0113 

5.67 

0.287 

Very  faint 

0.0045 

2.257 

O.II7 

Doubtful  (without  filter) 

0 . 564y 

0.2827 

0.0147 

Definite  (with  filter) 

None  (with  filter) 

In  order  to  make  sure  that  hydrolysis  and  precipitation  of 

uranium  had  not  taken  place  during  dilution,  another  solution 

corresponding  to  No.  6  above  was  made  up,  adding  6%  nitric 

acid  by  volume  at  each  stage  of  the  dilution.  No  fluorescence  at 

all  was  obtained.  A  very  much  more  intense  source  of  ultraviolet 

was  found  to  have  no  advantage. 

The  sensitivity  may  then  be  expressed  as  lying  between  2.3  and 
0.28  microgram  of  uranium  per  gram  of  sodium  fluoride,  or,  based 

on  a  50-mg.  bead,  as  between  0.1  and  0.01  microgram  of  uranium. 
This  is  in  fair  agreement  with  the  results  of  Nichols  and  Slattery 

(9)  reported  as  1  mole  of  uranium  in  10* * * * * * 7 * 9  moles  of  sodium  fluoride 
(equivalent  to  0.6  microgram  of  uranium  per  gram  of  sodium 
fluoride). 

Since  the  limiting  factor  is  the  concentration  of  uranium  in 
sodium  fluoride,  the  absolute  sensitivity  in  ordinary  work  where 
the  entire  sample  is  added  directly  to  the  bead  could  be  increased 
by  using  a  smaller  bead.  Thus,  if  the  mixtures  in  Table  III  had 
been  made  into  1-mg.  beads,  the  amount  of  uranium  detected 
would  fall  between  0.002  and  0.0003  microgram.  In  this  connec¬ 
tion  Hernegger  and  Karlik  (3)  found  it  possible  to  detect  as  little 
as  10" 10  gram  of  uranium  (0.001  microgram)  by  using  a  fluores¬ 
cence  microscope. 

Referring  again  to  Table  III,  the  optimum  sensitivity  using  a 
bead  of  convenient  size  and  no  special  equipment  is  probably  of 
the  order  of  0.1  to  0.05  microgram  of  uranium.  This  may  be 
considered  as  the  working  sensitivity  for  minerals  low  in  rare 
earths  and  other  nonremovable  interfering  elements.  Such 
minerals  comprise,  for  example,  pitchblende,  uraninite,  and 
secondary  uranium  minerals  like  carnotite,  uranophane,  and 
uraconite. 
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Nichols  and  Slattery  ( 9 )  and  Slattery  (11)  concluded  from  spec¬ 
troscopic  evidence  that  the  fluorescence  of  uranium  in  sodium 
fluoride  is  not  due  to  a  uranyl  salt. 

The  former  workers  obtained  a  curve  showing  that  as  the  con¬ 
centration  of  uranium  is  decreased  from  about  1  mole  in  100  of 
sodium  fluoride,  the  fluorescence  intensity  first  rises  until  about 
2000  moles  of  sodium  fluoride  have  been  added,  and  then  falls  off 
to  zero  at  about  1  mole  of  uranium  in  107  or  so  of  sodium  fluoride. 
The  shape  of  this  curve  plus  certain  evidence  for  uranium  s  being 
in  solid  solution  led  Slattery  (11)  to  conclude  that  she  was  prob¬ 
ably  dealing  with  a  Lenard  phosphor. 

However,  it  was  noted  in  the  course  of  the  present  work  that 
when  increasing  amounts  of  uranium  were  added  to  a  sodium 
fluoride  bead,  a  saturation  point  was  quickly  reached  beyond 
which  additional  uranium  simply  remained  as  black  specks  in  the 
molten  bead.  Heating  for  as  long  as  5  minutes  over  an  ordinary 
gas  burner  with  maximum  air  supply  failed  to  dissolve  even  a  very 
small  excess  of  added  U3O8.  The  resulting  bead,  which  had 
fluorescence  of  almost  maximum  brilliance,  was  preserved  as  a 
standard.  Another  bead  was  made  up  in  the  same  way,  heating 
for  5  minutes  after  each  small  addition  of  U3OS.  After  the  satura¬ 
tion  point  had  been  reached,  long  heating  caused  the  excess 
U3O8  to  be  segregated  as  black  specks  in  the  bottom  of  the  bead. 
The  remaining  clear  portion  had,  when  cold,  a  fluorescence  equal 
to  that  of  the  standard  when  excess  U3O,  amounting  to  about  V 10 
of  the  bead  had  been  added.  When  the  excess  reached  2/s  of  the 
bead,  the  clear  portion  still  fluoresced  only  very  slightly  less 
strongly  than  the  standard.  In  white  light  it  had  a  very  faint 
pinkish  color  when  cold. 

The  bead  containing  V3  excess  of  U3O3  was  next  heated  for 
several  minutes  over  a  compressed  air— city  gas  blast  lamp,  a 
treatment  which  dissolved  all  but  a  few  grains  of  the  excess  U3O8. 
The  resulting  bead  was  fight  to  dark  orange  when  cold  and 
fluoresced  only  very  faintly.  Its  fluorescence  was  stronger  in  more 
lightly  colored  areas,  being  almost  nil  in  the  darkest  orange  por¬ 
tion. 

On  the  other  hand,  a  bead  having  maximum  fluorescence  but 
containing  no  excess  of  U3O8  was  unchanged  by  heating  in  the 
blast  lamp  (which  also  indicates  stability  to  extreme  oxidation). 

Apparently  then,  there  are  two  distinct  reactions,  with  the 
fluorescent  complex  being  formed  at  a  low  fusion  temperature  up 
to  a  limit  of  solubility  beyond  which  any  excess  uranium  remains 
as  black  specks  of  an  oxide  (or  other  uranium  compound).  The 
latter  black  material  has  no  effect  on  fluorescence  except  to  ob¬ 
scure  it  by  encrusting  the  surface  of  the  bead  if  present  in  large 
enough  excess.  This  excess,  on  the  other  hand,  is  readily  con¬ 
verted  to  an  orange  compound  by  heating  to  a  somewhat  higher 
temperature.  The  small  residual  fluorescence  in  fighter  colored 
spots  plus  the  stability  of  beads  containing  no  excess  uranium 
to  this  high  temperature  indicates  that  any  uranium  originally 
present  as  the  fluorescent  complex  is  not  changed  by  higher  tem¬ 
peratures,  but  that  this  reaction  is  confined  to  the  excess  uranium. 
The  orange  compound  formed  at  high  temperatures  is  soluble  or 
dispersable  in  molten  sodium  fluoride  and  is  effective  in  quenching 
uranium  fluorescence.  Thus,  the  resemblance  of  Nichols  and 
Slattery’s  (9)  curve  to  that  of  a  Lenard  phosphor  was  simply  an 
accident  resulting  from  the  fact  that  they  happened  to  use  a 
fairly  high-temperature  burner.  Had  they  used  a  lower  flame 
temperature,  the  curve  would  have  been  nearly  horizontal  over  a 
wide  range  of  concentrations  above  1  mole  of  uranium  in  2000  of 
sodium  fluoride,  but  would  have  had  the  form  given  for  lower 
concentrations. 

In  an  attempt  to  identify  the  orange  compound,  a  50-gram 
batch  of  mixed  uraninite  and  sodium  fluoride  was  heated  for  1 
hour  in  a  platinum  dish  over  two  Meker  burners.  The  mass 
softened  but  did  not  liquefy,  and  was  bright  orange  when  cold. 
It  was  extracted  repeatedly  with  hot  distilled  water  until  only  a 
brownish  crystalline  residue  was  left  and  the  wash  water  no 
longer  gave  a  flame  test  for  sodium.  After  thorough  drying,  the 
residue  was  tested  qualitatively  and  was  found  to  contain  sodium, 
but  neither  fluorine  nor  water.  It  was  also  infusible,  all  of  which 
tends  to  indicate  that  it  was  sodium  uranate. 

For  comparison,  a  strongly  fluorescent  bead  containing  only  a 


few  black  specks  of  excess  uranium  was  prepared  in  the  low- 
temperature  flame.  This  bead  was  dissolved  in  water  and  the 
solution  was  filtered.  Neither  the  filtrate  nor  the  black  residue 
showed  any  fluorescence  under  the  argon  bulb  and  No.  9860  filter. 
On  evaporation  of  the  filtrate,  a  white  residue  haying  a  faint 
greenish  fluorescence  which  was  unchanged  by  baking  was  ob¬ 
tained.  Uranyl  bands  could  be  seen  with  a  hand  spectroscope. 
This  residue  when  fused  on  a  platinum  wire  gave  a  perfectly  clear 
melt  which  had  the  expected  brilliant  yellow  fluorescence  when 
cold. 

A  search  of  the  literature  failed  to  reveal  any  single  uranium 
compound  having  all  the  properties  indicated  above.  Probably 
the  reaction  is  to  be  regarded  as  one  in  which  uranium  forms  a 
stable  and  extremely  limited  solution  in  molten  sodium  fluoride 
and  that  this  on  cooling  separates  as  a  distinct  fluorescent  phase 
dispersed  throughout  the  sodium  fluoride.  The  ready  solubility 
of  the  fluorescent  complex  is  against  its  being  anything  but  a  dis¬ 
tinct  compound.  However,  its  solubility  might  be  explained  as 
resulting  from  a  reaction  of  water  with  the  uranium  whatever  its 
condition,  either  with  or  without  participation  of  the  sodium 
fluoride,  to  form  a  uranyl  compound  on  subsequent  recrystalliza- 
tion  of  the  mixture.  The  exact  nature  of  the  fluorescent  phase 
and  the  precise  mechanism  of  its  formation  must  be  reserved 
for  future  investigation. 

SUMMARY 

1.  The  fluorescent  sodium  fluoride  bead  test  for  uranium  has 
been  found  adequately  sensitive  and  reliable  when  applied  directly 
to  any  mineral  containing  uranium  as  an  essential  constituent,  or 
in  amounts  exceeding  1  or  2%.  Only  an  extremely  small  sample 
is  required. 

2.  A  study  of  all  elements  which  can  reasonably  be  expected 
to  occur  in  minerals  indicates  that  only  columbium  causes  a 
fluorescence  which  might  be  mistaken  for  that  of  uranium.  Sug¬ 
gestions  for  overcoming  this  interference  based  on  its  greenish 
color  and  relatively  low  intensity  are  given. 

3.  In  testing  for  minute  traces  of  uranium  in  columbium 
minerals  the  difference  in  color  and  intensity  of  fluorescence  can¬ 
not  be  relied  upon.  Accordingly,  a  method  of  separating  traces 
of  uranium  from  large  amounts  of  columbium  by  means  of  ether 
extraction  of  uranium  as  uranyl  nitrate  hexahydrate  was  worked 
out.  This  makes  it  possible  to  detect  perhaps  as  little  as  0.0001  % 
of  uranium  in  a  0.5-gram  sample  of  columbite. 

4.  Further  study  of  the  same  elements  showed  that  none 
interfere  by  reducing  the  intensity  of  uranium  fluorescence  unless 
present  in  amounts  far  exceeding  the  concentration  of  uranium 
needed  to  produce  fluorescence  and  approaching  the  weight  of 
sodium  fluoride  used.  No  instance  of  a  specific  quenching  action 
was  found. 

5.  Of  the  substances  mentioned  in  4,  interference  by  silicate, 
titanates,  vanadates,  phosphates,  germanates,  and  arsenates,  or 
the  corresponding  oxides,  may  be  eliminated  by  prolonged  heating 
of  the  test  bead. 

6.  Interference  by  certain  metallic  elements,  notably  cerium 
and  the  rare  earths  (except  scandium),  and  to  a  less  extent  mag¬ 
nesium,  columbium,  tantalum,  calcium,  barium,  strontium,  and 
aluminum,  cannot  be  removed  by  heating.  Their  interference  is 
overcome  by  keeping  the  ratio  of  sample  to  sodium  fluoride  as 
low  as  possible.  However,  this  does  not  entirely  suffice  when 
testing  for  a  minute  trace  of  uranium  in  such  rare  earth  minerals 
as  gadolinite  or  allanite.  The  ether  extraction  method  mentioned 
in  3  can  also  be  used  to  separate  a  minute  quantity  of  uranium 
from  large  amounts  of  rare  earths. 

7.  Manganese  and  certain  other  elements  may  cause  partial 
interference  by  imparting  color  to  the  bead.  Oxidation,  reduction, 
or  longer  heating  will  usually  decolorize  the  bead,  though  addition 
of  more  sodium  fluoride  may  also  be  required. 

8.  Chief  precaution  contributing  to  the  reliability  of  the  test 
is  to  heat  the  bead  until  a  clear  fusion  is  obtained,  and  to  use  no 
more  than  the  smallest  required  amount  of  sample.  The  test 
bead  should  be  substantially  colorless  when  cold. 
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9.  The  sensitivity  (roughly  0.05  microgram  of  uranium)  was 
checked  and  found  to  be  in  good  agreement  with  previous  reports. 
This  figure  may  be  considered  the  practical  sensitivity  for  direct 
application  of  the  test  to  uranium  minerals  low  in  rare  earths 
and  other  interfering  elements. 

10.  A  preliminary  study  of  the  chemistry  involved  in  the  test 
indicated  that  a  solution  of  uranium  in  sodium  fluoride  is  formed 
at  any  temperature  above  the  fusion  point  of  sodium  fluoride, 
and  that  this  solution  on  crystallization  becomes  fluorescent. 
At  low  flame  temperatures  any  excess  uranium  remains  undis¬ 
solved,  whereas  at  higher  temperatures  the  excess  is  converted  to 
what  appears  to  be  sodium  uranate  which  tends  to  quench  the 
fluorescent  phase. 

11.  The  test,  coupled  with  simple  examination  of  the  fluores¬ 
cence  spectra,  afforded  positive  evidence  that  the  greenish  fluores¬ 
cence  of  certain  semiopals,  moss  agates,  and  hyalites  is  due  to 
included  uranyl  compounds. 

12.  It  is  concluded  that  this  bead  test  merits  a  place  among 
the  very  few  reasonably  specific  and  reliable  fluorescence  tests 
known.  It  compares  favorably  in  these  respects  with  ordinary 
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microchemical  tests  in  general  and  is  vastly  superior  to  the  stand¬ 
ard  ones  for  uranium. 
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Device  for  Automatic  Protection  of  a  Diffusion  Vacuum  Pump 


THEODORE  J.  WANG 
Ohio  State  University,  Columbus,  Ohio 


IF  A  leak  occurs  in  an  oil  diffusion  vacuum  system,  the  hot  oil 
vapor  may  react  with  the  oxygen  of  the  incoming  air  to  de¬ 
teriorate  the  oil  and  form  a  sludge  which  clogs  the  system.  A 
simple  arrangement  is  herein  described  which  serves  to  protect 
the  oil  in  the  event  of  a  leak.  The  scheme  consists  of  utilizing  the 
unbalance  voltage  developed  in  a  Pirani  gage  to  trigger  a  thyra- 
tron,  which  in  turn  opens  the  diffusion  pump  heater  through  a 
relay. 

The  complete  circuit  for  alternating  current  operation  is  shown 
in  Figure  1.  The  necessary  isolation  between  the  bridge  supply 

TO  PUMP  HEATER 


Figure  1.  Circuit  for  Alternating  Current  Operation 


potential  and  the  thyratron  operating  potentials  is  secured  with 
minimum  expenditure  for  parts  through  the  use  of  two  5-volt  fila¬ 
ment  transformers.  One  transformer  supplies  the  tube  heaters, 
and  the  other  transformer — connected  in  reverse  and  fed  from  the 
5-volt  output  of  the  first — supplies  the  rectifier  anode.  Switch  Si 
has  three  positions:  center,  “off”,  with  the  alternate  current 
supply  line  open;  down,  “test”,  with  the  Pirani  galvanometer 
connected;  and  up,  “stand-by”,  with  the  thyratron  inserted  in 
place  of  the  galvanometer.  The  value  of  the  gas  pressure  at 
which  the  pump  heater  cuts  out  may  be  preset  by  adjustment 
of  the  variable  bridge  arm  and  the  cathode 
potentiometer. 

In  the  particular  constructed  setup  to  which 
the  given  values  of  the  components  in  Figure  1 
correspond,  the  indicating  meter  used  in  the  test 
circuit  was  a  Triplet  0-100  direct  current  micro¬ 
ammeter,  and  the  relay  employed  happens  to 
have  been  a  discarded  one  of  unidentified  manu¬ 
facture.  The  values  of  the  current  limiting 
resistors  associated  with  both  the  meter  and  the 
relay  would,  of  course,  probably  have  to  be 
changed  to  accommodate  different  types  of  equip¬ 
ment  in  these  places. 

It  is  essential  that  the  grid  and  anode  potentials 
on  the  thyratron  be  in  phase,  or  the  tube  will 
not  fire.  To  ensure  the  proper  phase  relation  it 
may  be  necessary  to  reverse  the  connections  to 
one  (any  one)  of  the  four  transformer  windings. 

A  relay  of  the  lock-in  type  might  be  desirable 
for  security.  However,  in  the  event  of  a  tem¬ 
porary  power  interruption  a  nonlocking  relay 
would  serve  to  restore  the  pump  heat  at  the  ap¬ 
propriate  time  following  the  interruption  when 
the  pressure  is  again  sufficiently  low. 


Adjustable  Voltage  Thermostat  System 

W.  C.  GRIFFIN 

Central  Research  Laboratory,  Atlas  Powder  Company,  Wilminston,  Del. 


AUTOMATIC  temperature  control  is  desirable  for  many 
laboratory  reactions.  Thermostats  of  suitable  sensitivity 
are  available,  but  they  usually  must  be  built  in  the  equipment 
and  often  utilize  several  heaters.  The  assembly  described  was 
devised  to  be  used  with  any  one  of  several  standard  laboratory 
electric  heaters,  to  be  flexible  in  the  choice  of  temperature,  com¬ 
pact,  and  low  in  cost.  With  any  standard  single  element  heater  it 
gives  the  effect  of  having  a  large  fixed  heater  with  a  small  aux¬ 
iliary  control  heater. 

It  was  quickly  found  that  regular  laboratory  heaters  used  in 
conjunction  with  “on-off”  thermostats  give  poor  control,  be¬ 
cause  the  heater  is  either  completely  on  or  completely  off.  The 
circuit  in  Figure  1  was  devised  to  supply  a  portion  of  the  heater 
voltage  continuously  with  an  increased  voltage  upon  demand 
of  the  thermostat. 

A  laboratory  autotransformer  is  combined  with  a  thermostat 
operating  a  single-pole  double-throw  switch.  (Variacs  of  200-, 


750-,  and  2000-watt  sizes— 200B,  200CU  and  CM,  and  100Q, 
respectively,  made  by  the  General  Radio  Corp.,  Cambridge, 
Mass. — have  been  employed  for  these  circuits.  They  have 
auxiliary  taps  2  and  5  illustrated  in  Figure  1.) 

Approximate  voltages  supplied,  with  the  transformer  wired  to 
supply  0  to  135  volts,  are  indicated  in  Figure  2.  The  circuit  is  not 
useful  at  a  setting  of  less  than  15  volts,  because  of  reversal  of 
voltage,  as  shown  in  Figure  2.  Low  voltages  are  seldom  used; 
for  lighter  heat  loads,  lower  wattage  heaters  are  usually  used  and 
these  require  a  correspondingly  higher  setting. 

If  the  single-pole  double-throw  switch  were  mounted  between 
points  1  and  2  on  the  input  side  of  the  autotransformer,  the  low 
voltage  would  always  be  approximately  80%  of  the  high  voltage. 
Unfortunately,  the  switch  must  then  break  a  very  high  inductive 
load  and  the  benefit  obtained  would  not  warrant  the  added  cost 
of  the  high-capacity  switch.  In  the  present  assembly,  a  micro¬ 
switch  (15-ampere  capacity)  suffices  to  carry  the  output  load 


Figure  1 .  Voltage-Control  Circuit 
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Figure  2.  Voltage  vs.  Dial  Setting  at  High  and  Low  Thermostat 
Requirements 


Figure  3.  Portable  Unit 

Combines  General  Radio  Type  200  CM  Variac  with  pilot  light  B 
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INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 

(Microswitch  thermostat  used  was  a  Type  T-2-b  Ther-Mu-Trol, 

Mu  Switch  Co.,  Canton,  Mass.) 


Pilot  lights  indicated  in  Figure  1  are  24-  or  30-volt  bulbs.  Op¬ 
eration  of  the  lights  is  opposite  that  of  the  switch — i.e.,  the  light 
across  pole  A  lights  wrhen  the  switch  is  in  contact  with  pole  B. 
Thus  the  thermostat  is  on  “high”  heat  when  pilot  light  B  is 
illuminated.  The  addition  or  substitution  of  a  24-volt  bell  or 
buzzer  for  pilot  light  A,  with  the  inclusion  of  a  controlling  switch, 
provides  an  audible  signal  that  has  been  found  most  useful.  It 
permits  safe  initial  heating  of  a  reaction  at  a  voltage  higher  than 
that  needed  to  maintain  the  reaction  temperature.  When  this 
thermostat  setting  is  attained,  the  buzzer  sounds  until  the  switch 
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is  opened.  This  signal  indicates  that  the  Variac  setting  should  be 
reduced  to  the  proper  operating  voltage. 

Choice  of  the  thermostat  depends  upon  the  requirements  of 
temperature  control,  available  space,  permissible  size  of  sensitive 
elements,  corrosion  problems,  etc.  The  one  requirement  for  this 
assembly  is  that  it  operate  a  single-pole  double-throw  switch. 
Successful  operation  has  been  obtained  with  several  types  of 
thermostats. 

The  apparatus  has  been  used  to  heat  reactions  in  flasks,  beak¬ 
ers,  etc.  Control  at  temperatures  of  200°  to  300°  C.  is  within 
=4=2°  C.  The  principle  is  applicable  to  constant-temperature 
baths,  ovens,  and  other  electrically  heated  laboratory  apparatus. 


Device  for  Vacuum  Samplins  of  Liquids  and  Suspensions 

w.  j.  McBride  and  l.  n.  preston 

Fullers  Earth  Union,  Ltd.,  Redhill,  Surrey,  England 


WHEN  sampling  liquids  and  suspensions  contained  in  large 
tanks,  tubes  may  be  inserted  at  various  levels  through  the 
tank  side  or  a  plunger-operated  device  may  be  dipped  into  the 
liquid  to  any  desired  depth.  These  methods  both  present  ob¬ 
jectionable  features  in  that  it  is  not  possible  to  take  many  simul¬ 
taneous  samples  almost  instantaneously. 

The  authors  have  developed  a  method  based  on  that  used  by 
McBride  in  Australia  in  1900—1920  for  the  simultaneous  sampling 
of  mine  gases  at  many  points  and  have  improved  it  and  applied 
it  to  taking  as  many  as  a  dozen  1-liter  samples  in  sedimentation 
tanks  up  to  600  cm.  (20  feet)  deep  in  which  are  revolving  thick¬ 
ener  paddles,  and  also  to  taking  samples  in  viscous  suspensions 
of  1.25  specific  gravity. 

The  method  involves  the  almost  simultaneous  opening  of 
highly  evacuated  bottles  at  suitable  sampling  points  by  with¬ 
drawing  stoppers  from  them.  This  avoids  the  use  of  taps  and 
makes  possible  continued  operation  of  the  device  in  abrasive 
suspensions  in  which  taps  could  not  be  expected  to  remain 
vacuum-tight. 

The  conditions  of  operation  preclude  the  use  of  anything  other 
than  a  very  easily  portable  apparatus,  and  since  1-liter  samples 
are  necessary  for  the  authors’  application,  the  whole  device  is 
strongly  made.  The  apparatus  is  of  very  simple  construction, 
each  liter  bottle  being  fitted  with  a  rubber  stopper  carrying  a 
tube  of  about  1-cm.  bore  and  10  cm.  long.  This  has  a  6-mm. 
bore  side  tube  fitted  wdth  a  piece  of  rubber  pressure  tubing  closed 
by  a  screw  clip.  The  outer  end  of  the  wide  tube  is  closed  by  a 
greased  glass  stopper  ground  to  fit  inside  it. 

The  wrhole  bottle  is  held  in  a  wooden  cradle  by  a  strong  rubber 
band  and  as  many  bottles  as  may  be  necessary  are  clamped  by 
screws  or  fingernuts  and  bolts  to  a  3/4-inch  iron  pipe  which  may 
be  25  feet  long;  if  long,  it  is  jointed  for  ease  of  assembly.  The 
bottle  stoppers  are  connected  one  to  another  by  cords  which 
allow  a  few  inches’  slack. 

In  use  the  bottles  are  evacuated  via  the  side  tube,  put  each  in 
its  appropriate  cradle,  and  the  stoppers  are  connected  together. 
The  rod  carrying  the  bottles  L  introduced  to  the  desired  depth 
into  the  tank  of  liquid  to  be  sampled  and  the  stoppers  are  pulled 
out  by  their  connected  strings.  This  can  be  done  with  only  a 
1-second  interval  between  the  removal  of  one  stopper  and  the 
next,  and  the  force  necessary  to  remove  each  stopper  is  a  good 
guide  to  the  vacuum  in  each  bottle.  Since  the  bottles  fill  com¬ 
pletely,  there  is  no  subsequent  contamination  of  their  contents 
as  they  are  raised  to  the  surface. 

The  apparatus  as  described  is  in  use  for  the  weekly  investiga¬ 
tion  of  sedimentation  rates  in  tanks  ranging  from  14  to  20  feet  in 
depth,  while  a  shorter  form  carrying  three  bottles  is  used  in  tanks 


about  6  feet  deep  in  which  a  variety  of  viscous  suspensions  up  to 
specific  gravity  1.25  is  settled. 

Various  refinements  of  construction  and  alteration  in  the  ma¬ 
terials  from  which  the  device  is  made  should  make  it  applicable 
to  other  purposes.  In  particular,  the  size  could  be  greatly  re¬ 
duced. 
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A  Safe  Device  for  Distillation  in 
the  Kjeldahl  Method 

MARIO  MENEGHINI,  Institute)  Biologico,  SdO  Paulo,  Brazil 

IN  RESEARCH  work  wdth  the  Parnas-Wagner  micro-Kjel- 
dahl  apparatus  for  nitrogen  microdetermination  in  citrus 
stems,  it  was  frequently  necessary  to  use  larger  quantities  of  re¬ 
agents  than  usually  are  employed. 
This  fact  increases  the  risk  of  the 
standard  acid’s  flowing  through  the 
condenser  tube  into  the  distilling 
flask.  This  happens  principally  at 
the  moment  when  the  concentrated 
sodium  hydroxide  is  added  at  the 
beginning  of  the  distillation. 

According  to  the  author’s  ex¬ 
perience,  the  simple  addition  of  a 
Bunsen  valve  to  the  receiving  flask 
efficiently  prevents  spoiling  the 
analysis.  The  diagram  shows  how 
to  adapt  the  valve  to  the  apparatus. 
The  receiver,  a,  is  fitted  wdth  a 
rubber  stopper,  b,  furnished  wdth 
twro  holes,  through  which  pass  the 
lower  end  of  the  condenser  tube,  c, 
and  the  tube  of  the  valve,  d.  After 
the  first  part  of  the  distillation  is 
finished,  the  receiver  is  removed, 
leaving  the  rubber  stopper  with  its 
valve  attached  to  the  condenser  tube. 


Frozen  Vitamin  Standards 

OLOF  E.  STAMBERG  and  D.  W.  BOLIN 
Department  of  Agricultural  Chemistry,  University  of  Idaho,  Moscow,  Idaho 


IN  VITAMIN  analyses,  the  preparation  of  accurate  standards 
is  time-consuming  and  in  most  laboratories  fresh  standards 
are  prepared  every  few  days  for  some  vitamins.  Glick  (3)  shows 
the  instability  of  standards  and  states  “that  it  is  unsafe  to  use  a 
standard  solution  of  thiamine  in  dilute  acid  after  it  has  been 
stored  for  more  than  a  few  days”.  That  riboflavin  solutions 
undergo  photolysis  was  especially  shown  by  the  recent  work  of 
De  Merre  and  Brown  (2).  The  use  of  frozen  vitamin  standards 
is  possible  both  for  accuracy  and  as  a  time-saving  method. 

Thiamine  hydrochloride  and  riboflavin  standards  were  pre¬ 
pared  in  2%  acetic  acid  containing  10  micrograms  per  ml.  The 
solutions  were  made  up  and  further  handled  in  a  dark  room  used 
for-  riboflavin  studies.  Five-milliliter  aliquots  were  pipetted 
into  15-ml.  vials  and  tightly  stoppered  with  cork  stoppers,  which 
had  previously  been  allowed  to  soak  in  2%  acetic  acid  and  then 
in  distilled  water  before  drying.  The  vials  were  then  immedi¬ 
ately  placed  in  a  refrigerator  at  about  —15°  C.  and  at  a  45° 
angle  for  freezing  and  storage.  The  riboflavin  vials  were  placed 
in  a  box  to  eliminate  any  light.  Ordinary  vials  will  not  break  on 
freezing  if  placed  at  an  angle  and  if  not  filled  completely. 

The  frozen  standards  were  tested  at  various  intervals  of  time 
and  compared  with  similarly  prepared  fresh  standards.  Frozen 
standards  stored  for  6  months  or  for  shorter  intervals  were  per¬ 
fectly  satisfactory.  The  Coleman  photofluorometer  was  used 
for  the  measurements  and  the  thiamine  was  oxidized  by  the 


method  of  Conner  and  Straub  ( 1 ).  The  frozen  standards  were 
thawed  out  in  a  beaker  of  water  at  room  temperature,  which  re¬ 
quired  about  10  minutes.  Immediately  a  2-ml.  aliquot  was 
pipetted  out  and  diluted  with  2%  acetic  acid  to  give  the  desired 
concentration.  This  was  done  in  the  dark  room  and  is  important 
in  the  case  of  riboflavin.  At  least  two  vials  should  be  thawed 
each  time  for  checks  against  improperly  stoppered  vials  and  hence 
moisture  loss. 

Such  frozen  standards  have  proved  very  efficient,  in  that  a 
large  number  of  vials  can  be  prepared  and  used  over  a  long  period 
of  time,  since  the  use  of  the  microbalance  and  the  accurate  prepa¬ 
ration  of  standards  are  time-consuming.  The  method  is  perhaps 
also  applicable  to  other  vitamins.  The  use  of  standard  solutions 
stored  at  low  temperatures  is  apparently  unreliable,  particularly 
in  the  case  of  thiamine. 
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Apparatus  for  Small-Scale  Vapor-Phase  Treatment  of  Solid  Compounds 

MILTON  ORCHIN 

Central  Experiment  Station,  Bureau  of  Mines,  Pittsburgh,  Pa. 


IN  THE  vapor-phase  dehydrogenation  studies  being  conducted 
in  this  laboratory  (1,  2)  it  became  desirable  to  examine  the 
behavior  of  numerous  solid  compounds.  For  this  purpose  the 
apparatus  shown  in  Figure  1  was  constructed  and  found  satis¬ 
factory.  The  preparation  of  the  catalyst  and  a  portion  of  the 
apparatus  have  been  described  (2). 

The  solid  compound  to  be  treated  is  packed  into  the  reservoir, 
d,  and  the  mercury  leveling  bulb  lowered,  so  that  the  mercury  in 
e  is  just  above  the  level  of  the  nitrogen  inlet  tube.  Dry  hydrogen 
is  admitted  past  the  safety  trap,  /,  through  the  capillary,  g, 
and  into  the  catalyst  bed,  b.  A  tube  leading  from  receiver  h 
to  a  bubble  counter  will  indicate  the  rate  of  flow  of  hydrogen. 

Vent  to  atmosphere 

Nitrogen 


After  the  hydrogen  pressure  is  once  adjusted  it  should  not  be 
changed  during  the  entire  experiment. 

The  catalyst  tube  is  heated  to  the  desired  temperature  by 
means  of  the  furnace,  a,  which  consists  of  an  iron  pipe  wound  with 
resistance  wire.  After  the  desired  temperature  is  reached,  the  solid 
in  d  is  melted  by  the  heating  coil,  i,  constructed  of  insulated  re¬ 
sistance  wire  and  controlled  by  a  variable  transformer.  When  the 
compound  is  liquid,  the  hydrogen  entering  through  g  will  be 
observed  bubbling  up  through  d.  A  small  stream  of  dry  nitrogen 
is  admitted  and  the  mercury  in  e  raised  until  the  bubbling  through 
d  just  stops.  At  this  point  the  pressure  on  the  liquid  in  d  is 
just  equal  to  the  pressure  in  b.  If  the  leveling  bulb  is  now  raised 
slightly,  the  increased  pressure  causes  the  melted  compound  to 
flow  through  the  1-mm.  capillary,  c,  and  into  the  hot  catalyst 
bed.  The  head  of  mercury  in  e  controls  the  rate  of  addition  of 
the  compound. 

With  a  little  experience,  as  little  as  1.5  grams 
of  material  can  be  put  through  the  furnace  at  a 
fairly  uniform  rate  of  about  0.7  gram  per  hour 
if  desired.  Solid  compounds  of  any  melting 
point  can  be  conveniently  handled.  In  smaller 
furnaces  the  insertion  and  removal  of  catalyst 
are  facilitated  by  attaching  the  receiver,  h,  by 
means  of  a  cork  and  thus  eliminating  the  con¬ 
striction  in  the  catalyst  tube  due  to  a  f  glass 
joint.  Some  kind  of  electrical  heater  should  be 
placed  below  h  to  keep  the  product  liquid  and 
prevent  clogging. 

The  author  is  indebted  to  John  J.  Vidosh  for 
the  drawing. 
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A  Low-Pressure  Extraction  Apparatus 

VERNON  L.  FRAMPTON  and  FREDERICA  K.  GILES 
National  Cotton  Council  of  America,  Research  Division,  Dallas,  Texas 


IN  THE  course  of  work  on  cottonseed  it  has  become  necessary 
to  extract  with  several  solvents  at  relatively  low  temperatures 
and  without  exposing  either  the  oil  or  the  protein  residue  to  the 
prolonged  heating  encountered  in  the  ordinary  apparatus  of  the 
Soxhlet  type.  The  apparatus  evolved  in  this  laboratory  is  pre¬ 
sented  diagrammatically  in  Figure  1  (not  drawn  to  scale) . 


The  capacity  of  chamber  A  is  60  ml. ;  of  chamber  T,  20  ml. ;  of 
reservoir  R,  15  ml.;  and  of  reservoir  E,  60  ml.  The  inner  tube 
of  condenser  H  and  the  tube  leading  from  chamber  T  to  reservoir 
R  have  inner  diameters  of  3  mm.  Condenser  H  is  40  cm.  long. 

In  the  operation  of  the  extraction  apparatus,  a  weighed  sample 
of  ground  cottonseed  is  wrapped  jelly  roll  fashion  in  filter  paper, 
but  in  such  a  manner  that  none  of  the  seed  is  lost,  and  the  packet 
is  placed  in  chamber  A .  The  apparatus  is  then  evacuated  with  a 
high-vacuum  pump,  and  stopcocks  K  and  M  are  closed.  Enough 
solvent  is  added  through  funnel  0  to  raise  the  level  of  the  liquid  in 
H  to  a  height  of  about  3  cm.  above  the  ring  seal,  care  being  taken 
that  the  vacuum  is  not  lost  by  the  admission  of  air.  Cold  water  is 
circulated  through  condenser  C,  and  warm  water  is  circulated 
through  condenser  H  and  through  the  outer  jacket  of  chamber  T . 
On  the  transfer  of  heat  from  the  warm  water  in  the  outer  jacket 
to  the  liquid  in  the  inner  jacket  through  the  walls  of  the  inner 
tube,  the  liquid  boils  with  explosive  violence.  The  rapid  conver¬ 
sion  of  the  liquid  to  vapor  produces  a  region  of  high  pressure  in 
the  condenser.  Flow  of  the  liquid  below  the  ring  seal  back  into 
chamber  A  is  prevented  by  valve  V,  and  the  vapors  are  driven  up 
the  condenser  into  chamber  T  and  finally  into  condenser  C, 
where  they  are  condensed.  The  condensate  is  then  returned  to 
chamber  A.  With  the  equalization  of  the  pressure  in  the  appara¬ 
tus  of  the  condensation  of  the  vapors  in  C,  liquid  from  A  flows 
into  H  because  of  the  hydrostatic  head.  The  process  is  then  re¬ 
peated. 

Regarding  the  rate  of  circulation  of  the  solvent,  carbon  tetra¬ 
chloride,  which  has  a  latent  heat  of  vaporization  of  46  calories 
per  gram,  circulates  at  the  rate  of  3.2  ml.  per  minute  when  the 
temperatures  in  H  and  C  are  4°  and  45°  C.,  respectively,  and 


when  the  apparatus  was  evacuated  initially  to  4  X  10“ 2  mm.  of 
mercury.  With  ethanol,  which  has  a  latent  heat  of  204  calories 
per  gram,  the  rate  of  circulation  is  1.8  ml.  per  minute. 

The  extracted  oil  is  deposited  on  the  walls  of  H  as  the  solvent 
volatilizes,  and  is  carried  up  the  tube  mechanically  by  the  vapors 
and  into  chamber  T.  It  is  then  forced  into  R  by  the  pressure  of 
the  solvent  vapor. 

Some  of  the  solvent  may  find  its  way  into  R  in  the  normal  oper¬ 
ation  of  the  apparatus.  The  solvent  may  be  stripped  from  the  oil 
by  transferring  the  contents  of  R  to  chamber  A  after  the  appara¬ 
tus  has  been  evaluated.  The  procedure  followed  is  the  same  as  i 
during  the  extraction,  except  that  there  is  no  seed  in  A  and  stop¬ 
cock  K  is  open  so  that  the  condensate  from  C  will  flow  into  E  and 
will  not  return  to  A. 

Determinations  of  the  oil  content  of  the  seed  are  made  by  ob¬ 
serving  the  loss  in  weight  of  the  packet  rather  than  by  observ¬ 
ing  the  weight  of  the  extracted  oil. 


Distillation  Flask  for  Concentration  of 
Solutions  in  Vacuo 

JOHN  W.  GREEN 

The  Institute  of  Paper  Chemistry,  Appleton,  Wis. 

THE  normal  round-bottomed  dis¬ 
tillation  flask  is  often  unsatis¬ 
factory  for  concentration  of  liquids 
to  small  volumes.  Toward  the  end 
of  the  distillation,  the  glass  capillary 
often  does  not  touch  the  liquid  or, 
if  it  does,  it  may  splatter  the  liquid 
all  over  the  flask.  Removal  of  the 
concentrated  solution  may  be  diffi¬ 
cult,  because  of  the  relatively  flat 
bottom  of  the  flask. 

The  flask  shown  one  third  of 
actual  size  in  the  illustration  has 
been  designed  for  in  vacuo  concen¬ 
tration  of  solutions  to  volumes  of  1 
cc.  or  less.  The  bottom  of  the  flask 
is  cone-shaped  to  facilitate  drainage 
The  small  pocket  collects  the  drained 
liquid,  which  can  be  removed  easily  with  a  pipet.  The  pocket 
serves  also  as  a  seat  for  the  capillary.  The  latter  will  function 
to  the  very  last  stages  of  the  distillation,  and  cannot  escape  from 
the  liquid,  as  often  happens  in  the  ordinary  round-bottomed  flask. 
The  distillation  is  quiet  because  of  the  depth  of  the  pocket  and 
excessive  spattering  is  avoided. 

The  flask  shown  has  a  volume  of  250  cc.  and  is  fitted  with  a 
24/40  standard  ground  joint  for  attachment  to  a  distilling  head. 
A  volume  of  100  cc.  can  be  concentrated  easily  to  0.5  cc.  The 
latter  volume  is  removed  with  a  pipet,  after  which  the  walls  are 
rinsed  with  0.5  cc.  of  fresh  solvent. 

The  author  has  used  this  flask  for  solutions  containing  up  to 
100  mg.  of  amorphous  material.  If  solutions  of  sirupy  or  crystal¬ 
line  material  are  to  be  concentrated  to  dryness,  the  pocket  should 
be  omitted;  it  might  be  difficult  to  remove  such  a  solute  mechani¬ 
cally  from  the  pocket  or  to  dissolve  it  in  fresh  solvent.  The  cone- 
shaped  bottom  would  still  allow  the  capillary  to  function  in  the 
last  stages  of  the  concentration. 


of  liquid  from  the  walls. 
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A  Nomograph  for  Emergent  Stem  Correction  of  Thermometers 


WILLARD  T.  SOMERVILLE,  Elmhurst,  Long  Island,  N.  Y. 


IT  IS  frequently  necessary  to  apply  correction  factors  to  ther¬ 
mometers  calibrated  for  total  immersion  but  used  at  partial 
immersion.  The  values  given  in  various  references  are  somewhat 
different  and  involve  the  use  of  a  formula  (I-J). 

A  survey  of  domestic  thermometer  manufacturers  indicates 
that,  in  general,  the  bulbs  of  ordinary  range  (0°  to  360°)  thermom¬ 
eters  are  constructed  of  Corning  Normal  glass  similar  to  Jena 
16  III,  while  the  stems  are  made  of  a  soda-lead  glass  known  as 
Corning  G4D.  (Corning  G4C  glass  has  been  replaced  by  G4D.) 
Thermometers  for  higher  ranges  are  normally  constructed  of  a 
domestic  borosilicate  glass  similar  to  Jena  59  III.  The  linear 
:  coefficient  of  expansion  of  these  glasses  and  the  apparent  cubical 
expansion  of  mercury  in  these  glasses  are  given  in  Table  I. 


where 

T  =  correction  in  0  C. 

1.56  X  1(U4  =  apparent  coefficient  of  expansion  of  mercury  in 
glass 

l  =  length  of  exposed  stem  in  °  C. 

To  =  observed  temperature 
Tm  =  average  temperature  of  exposed  stem 

To  use  the  nomograph,  a  line  is  drawn  through  T0  and  Tm 
across  the  nomograph.  Using  a  90°  angle,  such  as  a  triangle  or 
the  corner  of  a  sheet  of  paper,  a  line  is  drawn  at  right  angles  to 
the  above  line  through  the  proper  point  on  scale  l.  Where  this 
line  intersects  the  T  axis  determines  the  correction.  A  transpar- 
,  ent  sheet  containing  two  lines  crossing  at  90°  will  be  helpful  to 
frequent  users  of  the  nomograph. 


To  Tm 


CORRECTION-  DEGREES  CENTIGRADE 


The  corrections  to  be  added  to  the  observed  temperature  are 
obtained  from  the  nomograph,  in  the  construction  of  which  the 
following  equation  was  used: 


When  the  correction  is  greater  than  5  °,  it  is  advisable  to  add  the 
correction  to  T„  and  recompute  a  new  correction.  For  high- 
temperature  borosilicate  thermometers  the  correction  determined 
from  the  nomograph  should  be  multiplied  by  1.06. 


T  =  1.56  X  10-*  l(T„  -  Tm) 


Glass 

Corning  Normal 
Corning  G4C 
Corning  G4D 
Borosilicate 

a  Cubical  coefficient 
20°  C. 


Table  I.  Expansion 


Linear  Coefficient 
of  Expansion 

8.8  X  lO'6 
8.6  X  10~6 
8.4  X  10-« 
6.0  X  10~6 

expansion  of  mercury  t 


Calculated  Apparent 
Cubical  Expansion  of 
Mercury  in  Glass® 

1.55  X  10-‘ 

1.56  X  10-i 

1.57  X  10 
1.64  X  10~4 

i  as  0.18186  X  10"3  at 


ACKNOWLEDGMENT 

The  assistance  of  T.  C.  Patton  of  the  Baker  Castor  Oil  Com¬ 
pany  in  constructing  the  nomograph  is  appreciated. 

LITERATURE  CITED 

(1)  Adams  and  Johnson,  “Laboratory  Experiments  in  Organic  Chem¬ 

istry”,  3rd  ed.,  p.  35,  New  York,  Macmillan  Co.,  1940. 

(2)  Berl  and  Kullman,  Ber.,  60,  815  (1927),  a  similar,  though  not 

identical,  nomograph. 

(3)  Busse,  '“Temperature,  Its  Measurement  and  Control”,  p.  .237, 

New  York,  Reinhold  Publishing  Corp.,  1941. 

(4)  Reilly  and  Rae,  “Physico-Chemical  Methods”,  3rd  ed.,  Vol.  1, 

p.  370,  New  York,  D.  Van  Nostrand  Co.,  1939. 


675 


Temperature-Control  Device  for  MacMichael  Viscometer 

W.  A.  RICE,  Tennessee  Valley  Authority,  Wilson  Dam,  Ala. 


Figure  2.  General  Construction  of  Bath 

Sample  cup  in  position  with  its  supporting  jacket  fitted  into  turntable  of  viscometer. 
Arrows  indicate  flow  of  water 


cup,  together  with  its  integral  channel  for  intake  of  water,  is 
turned  from  solid  brass  stock.  The  body  of  the  jacket  has  the 
same  outside  dimensions  as  the  outer  cup  supplied  with  the  in¬ 
strument.  The  baffles,  drive  studs,  and  outlet  tube  are  soldered 
in  place.  A  bead  of  solder  on  the  outer  rim  facilitates  meas¬ 
urement  of  the  rate  of  rotation. 

Water  at  constant  temperature  is  introduced  into  the  intake 
channel  of  the  jacket  through  a  small  gooseneck.  The  gooseneck 
is  clipped  to  the  outer  edge  of  the  drain  trough,  as  shown  in  Figure 
2,  and  is  inclined  about  60°  in  the  direction  of  rotation  of  the 
jacket  to  minimize  the  development  of  a  standing  wave  in  the  in¬ 
take  channel. 

The  path  of  the  water  through  the  bath  assembly  is  shown  by 
the  arrows  in  Figure  2.  Water  from  the  intake  channel  flows 
through  gate  A  into  the  space  between  the  sample  cup  and  its 
supporting  jacket,  where  it  is  deflected  downward  and  across  the 
bottom  of  the  sample  cup  by  the  two  vertical  fins,  F,  on  the  inside 
of  the  jacket.  The  overflow  empties  through  gate  B ,  which  is 
isolated  from  the  intake  channel  by  dams  D,  and  spills  into  the 
drain  trough. 

With  adequate  thermostatic  control  of  the  source  of  the  water 
and  with  a  circulation  rate  of  about  1  liter  per  minute  through  the 
bath,  control  of  the  temperature  of  the  sample  to  within  —0.1°  C. 
is  attained  easily  under  the  atmospheric  conditions  prevailing 
in  the  usual  laboratory. 

The  following  dimensions  are  recommended: 

Drain  Trough.  Inner  cylinder,  11.0-cm.  (4.3125-inch)  out¬ 
side  diameter  by  3.1-cm.  (2-inch)  depth. 

Outer  cylinder,  15.2-cm.  (6-inch)  inside  diameter  by  8.6-cm. 
(3.375-inch)  depth. 

Intake  Channel.  Outside  diameter,  14.0  cm.  (5.5  inches). 
Depth  from  outer  rim,  3.2  cm.  (1.25  inches).  Depth  from  inner 
rim,  2.2  cm.  (0.875  inch).  Width  of  gates  in  inside  rim,  1.6  cm. 
(0.625  inch). 

Tubing.  Inlet,  0.5  cm.  (0.188  inch).  Outlets,  0.8  cm.  (0.3125 
inch). 


BOOK  REVIEWS 


Analytical  Colorimetry  and  Photometry 

Sponsored  by  A.S.T.M.  Committees  E-2  on  Spectrographic  Analy¬ 
sis  and  E-3  on  Chemical  Analysis  of  Metals,  the  Symposium  on 
Analytical  Colorimetry  and  Photometry  presented  at  the  47th 
annual  meeting  of  A.S.T.M.  has  been  published  as  a  75-page  booklet, 
reprinted  from  A.S.T.M.  Proceedings.  The  symposium  presents  a 
series  of  discussions  by  leading  authorities  covering  recent  improve¬ 
ments  in  apparatus  for  measuring  the  absorption  of  light  by  aqueous 
solutions,  development  of  superior  methods  of  test  based  on  the  use 
of  such  apparatus,  and  use  of  photometric  methods  in  analytical 
chemistry. 

Copies  can  be  obtained  from  A.S.T.M.  Headquarters,  260  South 
Broad  St.,  Philadelphia  2,  Pa.,  at  SI  each. 

A.S.T.M.  Standards  on  Plastics 

A  550-page  compilation  of  the  American  Society  for  Testing 
Materials  gives  in  latest  approved  form  some  109  test  methods, 
specifications,  recommended  practices,  and  definitions  covering  a 
wide  range  of  plastics  and  related  materials.  Committee  D-20  has 
developed  33  methods  of  test,  23  specifications,  5  recommended  prac¬ 
tices,  and  descriptive  nomenclature:  24  specifications,  methods  of 
testing,  recommended  practices,  and  definitions  applying  to  plastics 
in  the  electrical  insulation  field  were  developed  by  Committee  D-9, 
and  24  standards  by  other  society  committees. 

Copies  are  available  at  $2.75  each  from  A.S.T.M.  Headquarters, 
260  South  Broad  St.,  Philadelphia  2,  Pa. 


THE  conventional  MacMichael  viscometer  is  equipped  with 
an  adjustable  heater  which  lacks  positive  thermostatic  con¬ 
trol.  The  equipment  described  here  was  devised  to  maintain  the 
sample  at  constant  temperature  by  immersion  of  the  sample  cup 

in  a  bath  through 
which  water  is  circu¬ 
lated  continuously 
from  a  thermostati¬ 
cally  controlled  res¬ 
ervoir. 

The  bath  assembly, 
which  can  be  attached 
to  the  viscometer  with¬ 
out  permanent  modi¬ 
fication  thereof,  is 
shown  in  Figures  1 
and  2.  It  consists  of 
an  outer,  annular 
drain  trough,  a  sup¬ 
porting  jacket  for  the 
sample  cup,  and  a 
water  inlet  tube. 


Figure  1.  Disassembled  Parts  of  Bath 

Drain  trough  in  position  on  viscometer,  inlet 
gooseneck  and  supporting  jacket  (or  sample  cup 
raised  above  working  positions 


The  annular  drain 
trough  consists  of  two 
brazed  cylinders  of 
sheet  brass  to  which  a 
machined  bottom  and 
an  outlet  tube  are 
soldered.  To  attach 
the  trough  to  the  vis¬ 
cometer,  the  sliding 
contact  switch  is  re¬ 
moved  from  the  in- 
strument,  and  the 
trough  is  fastened  in 
place  with  the  screws 
from  the  switch. 
Rubber  washers  are 
used  to  prevent  leakage 
around  the  screws. 

The  supporting 
jacket  for  the  sample 
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Determination  of  Nitrogen  by  Combustion 

Improved  Dumas  Apparatus  and  Recycle  Procedure 

HARRY  GONICK1,  D.  D.  TUNNICLIFF,  E.  D.  PETERS,  LOUIS  LYKKEN,  and  VICTOR  ZAHN 

Shell  Development  Company,  Emeryville,  Calif. 


Improved  apparatus  and  procedure  are  described  for  the  determina¬ 
tion  of  nitrogen  by  combustion  according  to  the  method  of  Dumas. 
The  improvements  permit  a  rapid,  highly  accurate  analysis  of  organic 
materials,  particularly  petroleum  products,  containing  0.01  to  50% 
nitrogen,  regardless  of  whether  the  sample  is  a  gas,  liquid,  or  solid. 
The  possible  incomplete  combustion  of  methane  formed  by  thermal 
cracking  is  overcome  by  recycling  a  mixture  of  the  combustion  prod¬ 
ucts  and  pure  oxygen  through  the  combustion  tube  until  a  constant 
residual  volume  is  obtained.  Any  organic  residue  remaining  from 
the  pyrolysis  of  the  sample  is  completely  oxidized  by  passing  oxy¬ 
gen  over  the  hot  residue.  The  apparatus  contains  no  rubber  connec¬ 
tions,  allows  adequate  control  of  the  combustion,  and  provides  for 
accurate  determination  of  the  small  amounts  of  nitrogen  introduced 
by  the  carbon  dioxide  and  oxygen.  Means  are  described  for  prepa¬ 
ration  of  essentially  nitrogen-free  carbon  dioxide.  A  skilled  opera¬ 
tor  can  make  as  many  as  eight  determinations  on  liquid  or  solid 
samples  or  fifteen  determinations  on  gas  samples  in  an  8-hour  day. 

THE  conventional  Dumas  combustion  method  for  the  deter¬ 
mination  of  nitrogen  in  organic  compounds  generally  gives 
satisfactory  results  on  pure  nitrogen-containing  compounds  but 
often  gives  high  results  when  applied  to  the  analysis  of  petroleum 
products  containing  little  or  no  nitrogen.  In  the  analysis  of  these 
products  a  considerable  quantity  of  methane  may  be  formed  by 
thermal  cracking  of  the  sample  as  the  vapors  pass  over  the 
hot  copper  oxide.  Since  methane  is  not  readily  oxidized  by  hot 
*  copper  oxide  at  the  temperatures  usually  employed,  it  may  be 
collected  with  the  nitrogen,  giving  high  results.  With  the  con¬ 
ventional  method,  this  error  can  be  avoided  only  by  decompos¬ 
ing  the  sample  very  slowly;  in  the  present  instance,  the  sample 
is  decomposed  rapidly,  making  certain  only  that  all  the  nitro¬ 
gen  compounds  are  decomposed.  The  combustion  products  after 
the  removal  of  the  carbon  dioxide  are  mixed  with  nitrogen-free 
oxygen  and  the  mixture  is  recycled  through  the  hot  combustion 
tube.  This  process  is  repeated  until  a  constant  volume  is  ob¬ 
tained.  The  excess  oxygen  is  removed  by  reduced  copper  in  the 
hot  combustion  tube. 

Certain  nitrogen  compounds  have  been  encountered  that  give 
low  and  erratic  values  by  the  conventional  Dumas  method  be¬ 
cause  of  the  retention  of  nitrogen  in  the  carbonaceous  residue  from 
the  sample.  This  difficulty  is  overcome  completely  by  introducing 
oxygen  into  the  combustion  tube  to  oxidize  such  residues  and  to 
reoxidize  the  combustion  tube  filling.  This  procedure  avoids  the 
necessity  of  any  special  treatment  of  the  combustion  tube  be¬ 
tween  analyses,  permitting  consecutive  analyses  without  inter¬ 
ruption. 

1  Present  address,  Shell  Oil  Company,  Inc.,  Martinez,  Calif. 


The  combustion  tube  filling  is  prepared  from  rolls  of  20-  and  40- 
mesh  copper  gauze.  The  main  filling  consists  of  the  usual  section 
of  copper  oxide  followed  by  a  section  of  reduced  copper.  How¬ 
ever,  an  additional  section  of  copper  oxide  has  been  added  after 
the  reduced  copper  to  reoxidize  any  hydrogen  and  carbon  mon¬ 
oxide  that  may  be  formed  by  the  interaction  of  water,  carbon  di¬ 
oxide,  and  reduced  copper.  A  short  section  of  silver  gauze  is 
placed  at  the  front  end  of  the  combustion  tube  to  prevent  dark¬ 
ening  of  the  front  portion  of  the  tube  which  otherwise  would  re¬ 
sult  from  the  combustion  of  halogen-containing  samples.  This 
darkening  is  undesirable  because  it  prevents  the  operator  from 
observing  the  sample. 

The  carbon  dioxide  required  for  the  analysis  is  prepared  in  a 
state  of  high  purity  from  solid  carbon  dioxide.  Pure  oxygen  is 
obtained  by  electrolysis  in  a  high-capacity  cell  of  special  design. 
Although  neither  of  these  gases  should  contain  more  than  0.02% 
nitrogen,  the  volume  of  oxygen  and  carbon  dioxide  used  during 
the  analysis  is  measured  and  an  appropriate  blank  correction  is  ap¬ 
plied  to  the  final  volume. 

The  apparatus  is  also  designed  to  permit  the  determination  of 
nitrogen  in  gases.  The  gas  is  introduced  into  the  azotometer  and 
then  measured  in  the  buret.  The  gas  is  passed  through  the  hot 
combustion  tube,  the  residue  mixed  with  oxygen,  and  recycled 
until  a  constant  volume  is  obtained  exactly  as  in  the  case  of  the 
combustion  products  of  other  samples..  Since  the  gas  is  first 
passed  through  the  azotometer  and  then  measured  over  alkaline 
brine,  the  analysis  is  conducted  on  a  carbon  dioxide-free  basis. 

Volatile  samples  are  handled  in  a  special  sample  tube  in  which 
the  sample  is  confined  between  paraffin  plugs.  The  sample  is 
liberated  at  the  proper  time  by  the  application  of  heat. 


APPARATUS 

The  gas  manipulation  and  measurement  apparatus  is  shown  in 
Figure  1,  the  combustion  tube  and  furnace  assembly  in  Figure  2, 
and  the  constructional  details  of  the  component  parts  in  Figure  3. 

Combustion  Tube.  The  combustion  tube  is  constructed  of 
Corning  No.  172  Pyrex  13  mm.  in  inside  diameter,  17  mm.  in  out¬ 
side  diameter,  and  105  cm.  in  length.  External  connections  at 
the  ends  of  the  combustion  tube  are  made  with  3/ i6-inch  copper 
tubing  by  means  of  special  metal  fittings  which  are  easily  at¬ 
tached  to  make  a  gas-tight  joint  (refer  to  details  in  Figure  3) .  The 
metal  fitting  on  the  front  end  of  the  combustion  tube  has  a  re¬ 
movable  cap  to  permit  introduction  of  the  sample.  The  rear  fit¬ 
ting  has  provision  for  removing  any  water  condensed  at  the  end 
of  the  tube. 

The  combustion  tube  filling  consists  of  a  short  roll  ot  20-mesh 
silver  gauze,  two  rolls  of  20-mesh  and  one  roll  of  40-mesh  copper 
gauze;  the  length  and  position  of  these  rolls  of  gauze  are  given  in 
Figure  3.  Before  rolling,  the  copper  gauze  is  annealed  bv  heating 
to  redness  in  a  flame  from  a  Bunsen  burner.  Loose  rolling  should 
be  avoided  to  prevent  the  possibility  of  insufficient  contact  with  f 
the  gas  stream.  A  hollow  glass  plug  is  placed  in  the  primary 
heater  section  to  prevent  diffusion  of  sample  vapors  into  the  cold 
end  of  the  combustion  tube.  This  plug  is  constructed  from  a  4-  to 
5-cm.  section  of  11.5-  to  12.5-mm.  outside  diameter  Pyrex  tubing 
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Figure  1.  Gas  Manipulation  and  Measurement  Apparatus 


by  sealing  off  both  ends  while  the  body  of  the  tube  section  is 
maintained  at  550°  to  650°  C.;  the  plug  is  made  in  this  manner, 
so  that  the  pressure  in  the  plug  will  be  approximately  atmospheric 
at  operating  temperature.  The  plug  is  provided  with  a  glass  hook 
at  one  end  to  facilitate  removal  from  the  combustion  tube.  To 
aid  in  the  expulsion  of  the  condensed  water  from  the  combustion, 
two  4-  to  5-cm.  sections  of  3-mm.  outside  diameter  solid  glass  rod 
are  placed  in  the  exit  end  of  the  combustion  tube.  The  rods  are 
placed  in  the  extreme  end  of  the  combustion  tube;  otherwise, 
they  may  carry  the  water  back  into  the  hot  part  of  the  tube  and 
possibly  break  it. 

Combustion  Tube  Heaters.  The  combustion  tube  heaters 
are  composed  of  four  units.  The  primary  heater  and  the  sample 
heater  consist  of  coils  of  resistance  wire  wound  directly  on  the 
combustion  tube  ( 1 ).  The  primary  heater  is  made  of  13  to  14 
feet  of  No.  28  Chromel  A  resistance  wire.  The  sample  heater  is 
made  of  15  to  16  feet  of  No.  24  Chromel  A  resistance  wire.  A 
narrow  strip  of  India  mica  is  placed  along  the  bottom  side  of  the 
combustion  tube  between  the  winding  and  the  glass.  During 
construction,  the  mica  is  held  in  place  by  means  of  gummed  paper 
(The  only  paper  found  satisfactory  for  this  purpose  is  Herald 
Square  gummed  craft  tape,  1  inch  wide,  No.  250,  obtainable  from 
F.  W.  Woolworth  Co.)  attached  lengthwise  along  the  glass  tube; 
this  also  provides  for  a  certain  amount  of  slack  in  the  wire  when 
the  paper  is  burned  off.  The  coils  of  wire  are  cemented  to  the 
mica  strip  with  Saureisen  cement  to  hold 
them  in  place;  when  the  wires  are  cemented 
directly  to  the  glass  tube,  excessive  tube 
breakage  usually  results. 

The  temperature  of  the  primary  heater  is 
controlled  with  a  rheostat  placed  in  series 
with  the  heater.  The  sample  heater  temper¬ 
ature  is  controlled  by  means  of  a  variable 
voltage  autotransformer  and  two  fixed  resist¬ 
ances,  either  of  which  may  be  connected  in 
series  with  the  heater  by  means  of  a  three- 
way  switch.  These  heaters  have  a  common 
connection  that  eliminates  a  possible  cold 
spot  between  the  two  sections.  A  calibra¬ 
tion  chart  is  usually  prepared  to  give  the 
relation  of  the  transformer  and  resistance 
setting  to  the  temperature  produced  in  the 
combustion  tube  under  the  sample  heater 
section. 

The  combustion  furnace  consist  of  two 
split  type  30-cm.  (12-inch)  electric  combus¬ 
tion  units  maintained  at  750°  to  775°  C.  by 
means  of  suitable  rheostats.  Each  furnace 


is  provided  with  a  No.  22  gage  Chromel- Alumel  thermocouple  con¬ 
nected  through  a  selector  switch  to  a  direct-reading  pyrometer. 

A  safety  shield,  made  with  Pyrex  top  and  a  12-  to  14-mesh  wire 
screen  front,  is  placed  over  the  exposed  part  of  the  combustion 
tube  containing  the  sample  to  protect  the  operator  from  harm  in 
the  event  of  an  explosion. 

Azotometer.  The  azotometer  is  an  ungraduated  glass  tube 
having  a  volume  of  approximately  125  ml.  It  contains  a  coarse 
sintered  plate  overlying  a  mercury  trap  at  the  bottom  of  the  tube. 
Enough  clean  mercury  is  added  to  the  azotometer  to  fill  the  cap¬ 
illary  portion  of  glass  tube  between  it  and  stopcock  E  (Figure  3). 
The  gas  inlet  tube  to  the  azotometer  is  bent  upward  as  close  as 
possible  to  the  bottom  of  the  azotometer  in  order  to  avoid  undue 
back  pressure  in  the  mercury  trap.  The  sintered  plate  is  placed 
just  far  enough  from  the  end  so  that  mercury  will  not  rise  above 
it  when  gas  is  entering  the  bottom  of  the  azotometer.  A  500-ml. 
leveling  bulb  is  attached  to  the  bottom  of  the  azotometer  by 
means  of  a  90-cm.  (3-foot)  length  of  rubber  tubing;  it  is  sup¬ 
ported  in  a  position  so  that  the  liquid  level  is  2.5  to  7.5  cm.  (1  to 
3  inches)  above  the  bottom  of  the  azotometer. 

Burets.  Two  gas-measuring  burets  of  special  design  are 
placed  in  the  same  water  jacket,  which  is  provided  with  a  ther¬ 
mometer  and  a  means  of  agitation  by  an  air  stream.  The  burets 
are  made  of  Pyrex  and  the  graduated  portion  is  500  to  520  mm. 
in  length;  alternatively,  the  burets  may  be  made  of  soft  glass  and 
attached  by  spherical  joints  to  the  manifold.  The  100-ml.  buret  is 
graduated  in  0.2  ml.  divisions  throughout  the  entire  length;  the 
25-ml.  buret  is  graduated  in  0.01-ml.  divisions  from  0.0  to  0.5  ml. 
and  in  0.1-ml.  diyisions  from  0.5  to  25.0  ml.  Both  burets  are  ac¬ 
curately  calibrated  with  alkaline  brine  solution  of  a  known  density. 
The  zero  mark  of  each  buret  is  so  located  that  it  will  fall  within 
the  water  j  acket.  A  500-ml.  leveling  bulb  is  connected  in  common 
to  the  bottom  of  the  burets. 

The  use  of  separate  burets  and  azotometer  offers  several  ad¬ 
vantages  over  the  usual  combination  buret  and  azotometer. 
It  permits  the  use  of  two  sizes  of  burets  in  order  to  provide  for  ac¬ 
curate  measurement  of  large  or  small  gas  volumes.  Also,  it  re¬ 
duces  the  difficulty  caused  by  the  slow  drainage  of  concentrated 
caustic  solutions  on  the  walls  of  the  buret  and  avoids  the  neces¬ 
sity  of  passing  the  caustic  solution  into  the  gas-measuring  bulb 
during  the  recycling  operation. 

Gas  Manipulation  System.  The  purging  and  gas  manipula¬ 
tion  system  is  made  up  of  a  200-  to  250-ml.  gas-measuring  bulb, 
leveling  bulb,  bubble  counter,  and  necessary  stopcocks  arranged 
as  depicted  in  Figure  3.  The  leveling  bulb  is  supported  in  a  posi¬ 
tion  to  force  carbon  dioxide  through  the  combustion  tube  and 
into  the  azotometer  at  a  rate  of  200  to  300  ml.  per  minute  with 
stopcocks  J ,  7,  F,  and  E  open. 

A  2.5-cm.  (1-inch)  section  of  5-  to  6-mm.  inside  diameter  glass 
tubing,  filled  with  70-  to  80-mesh  glass  powder  in  between  plugs 
of  glass  wool,  is  placed  between  the  bubble  counter  and  the  inlet 
to  the  combustion  tube.  The  powdered  glass  section  is  necessary 
to  limit  the  extent  of  explosion,  should  an  explosive  mixture  be 
accidentally  passed  into  the  combustion  tube.  Two-millimeter 
capillary  stopcocks  and  2-mm.  capillary  heavy-walled  glass  tub¬ 
ing  are  used  throughout.  All  glass  parts  are  made  of  Pyrex  and 
are  sealed  together  in  one  piece  to  reduce  the  danger  of  leaks  and 
diffusion  of  atmospheric  nitrogen  into  the  apparatus.  The  cap¬ 
illary  glass  tubing  is  connected  to  metal  tubing  by  means  of  metal 
sleeves  cemented  to  the  glass  tube  by  de  Khotinsky  cement  (see 
detail  in  Figure  3).  * 

Dow  Corning  silicone  stopcock  grease  has  been  found  best  for 
lubrication  of  the  glass  stopcocks. 


Figure  2.  Combustion  Tube  and  Furnace  Assembly 
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Figure  3.  Schematic  Diagram  of  Apparatus  for  Nitrogen  Determination 


REAGENTS 

Potassium  Hydroxide  Solution,  approximately  30%  by  weight. 
Dissolve  350  grams  of  c.p.  potassium  hydroxide  (85%)  in  650  ml. 
of  water. 

Saturated  Brine.  Make  a  saturated  solution  of  U.S.P.  sodium 
chloride  in  distilled  vyater  at  room  temperature;  allow  to  settle 
until  clear. 

Acid  Brine.  Add  methyl  orange  indicator  to  the  clear  satu¬ 
rated  brine  and  add  concentrated  hydrochloric  acid  until  the  solu¬ 
tion  is  distinctly  acid. 

Alkaline  Brine.  Add  phenolphthalein  indicator  to  the  satu¬ 
rated  brine  and  add  30%  potassium  hydroxide  solution  until  it  is 
distinctly  basic. 

Pure  Oxygen  Gas.  The  oxygen  should  not  contain  more  than 
0.020%  by  volume  of  nitrogen.  It  is  preferably  prepared  by  elec¬ 
trolysis  of  water  containing  15%  potassium  hydroxide,  and  it 
should  be  supplied  from  a  reservoir  at  a  pressure  of  0.14  to  0.35 
kg.  per  sq.  cm.  (2  to  5  pounds  per  sq.  inch)  gage. 

Hydrogen  Gas.  Ordinary  tank  hydrogen  is  satisfactory;  it  is 
preferably  supplied  through  a  reducing  valve  at  a  pressure  of  2  to 
5  pounds  per  sq.  inch  gage. 

Pure  Carbon  Dioxide  Gas.  The  carbon  dioxide  gas  should  not 
contain  more  than  0.020%  by  volume  of  nitrogen  and  other  inert 
gases.  The  carbon  dioxide  is  supplied  at  a  pressure  of  2  to  5 
pounds  per  sq.  inch  gage  and  is  prepared  as  follows: 

Secure  a  pressure  vessel  of  3  to  5  liters’  cubical  capacity  capable 
of  wit  hstanding  100  kg.  per  sq.  cm.  (1500  pounds  per  sq.  inch)  inter¬ 
nal  pressure  and  provided  with  a  large  removable  gas-tight  cover, 
a  shutoff  valve,  and  a  1500-pound  safety  bursting  disk.  Weigh  the 
empty  vessel,  fill  it  completely  with  crushed  solid  carbon  dioxide, 
and  secure  the  cover  in  place  with  the  shutoff  valve  left  open. 
Allow  carbon  dioxide  gas  to  escape  until  the  vessel  contains  a 
weight  of  carbon  dioxide  that  does  not  exceed  68%  of  the  weight 
of  water  required  to  fill  it.  Close  the  shutoff  valve,  attach  a  suit¬ 
able  reducing  valve,  open  the  shutoff  valve,  and  close  the  outlet  of 
the  reducing  valve.  Turn  the  regulating  screw  so  as  to  obtain 
maximum  pressure  and  allow  the  pressure  to  build  up  to  30  to  40 
pounds,  open  the  reducing  valve  outlet,  and  release  the  pressure 
in  the  vessel.  Repeat  this  procedure  until  a  “blank”  indicates  no 
more  than  0.020%  o(  inert  gases  by  volume. 


PREPARATION  OF  APPARATUS  FOR  ANALYSIS 

Assemble  the  apparatus  shown  in  Figure  3,  carefully  lubricate 
all  stopcocks,  and  test  all  joints  for  gas  leaks.  Place  a  suitable 
amount  of  acid  brine  in  the  bubble  counter  and  the  measuring 
bulb  system.  Place  alkaline  brine  in  the  buret  system  and  30% 
potassium  hydroxide  solution  in  the  azotometer  system.  Turn 
on  the  air  stirrer  in  the  water  jacket  and  purge  the  gas  lines  from 
the  oxygen  and  carbon  dioxide  source. 

Install  the  assembled  and  filled  combustion  tube  in  the  com¬ 
bustion  furnace  assembly,  make  the  necessary  electrical  connec¬ 
tion  to  the  primary  and  sample  heaters,  connect  the  3/is-inch  cop¬ 
per  tubing  lines  to  each  end,  and  make  certain  the  gas  system  is 
gas-tight.  Test  for  large  leaks  by  noting  whether  there  is  con¬ 
tinued  bubbling  of  gas  through  the  bubble  counter  when  the  car¬ 
bon  dioxide  supply  line  is  connected  directly  to  the  combustion 
tube  through  stopcocks  K,  J,  and  7,  while  stopcock  E  remains 
closed.  Test  for  small  leaks  by  lowering  the  leveling  bulb  con¬ 
nected  to  the  gas  measuring  bulb  to  a  position  20  to  25  cm.  (8  to 
10  inches)  below  the  measuring  bulb,  allowing  the  apparatus  to 
stand  10  to  15  minutes  in  this  manner,  purging  the  apparatus  with 
carbon  dioxide  as  in  the  blank  determination,  and  noting  any  in¬ 
crease  in  the  value  of  the  blank.  Check  the  apparatus  daily  in 
this  manner.  Turn  on  the  combustion  furnaces  and  adjust  the 
temperature  to  750°  to  775°  C. 

Open  the  azotometer  to  the  atmosphere  through  stopcocks  D, 
C,  and  B,  so  that  the  bulk  of  the  caustic  solution  flows  into  the 
leveling  bulb.  Fill  the  gas-measuring  bulb  with  carbon  dioxide 
through  stopcocks  K  and  J  and  pass  the  carbon  dioxide  from  the 
bulb  into  the  azotometer  through  stopcocks  J,  7,  F,  and  E.  Purge 
the  combustion  tube  in  this  manner  with  at  least  400  ml.  of  car¬ 
bon  dioxide;  then  pass  hydrogen  through  stopcocks  G,  H,  and  7 
into  the  hot  combustion  tube.  As  soon  as  the  copper  has  been 
completely  reduced,  as  shown  by  visual  examination,  purge  the 
combustion  tube  with  400  ml.  or  more  of  carbon  dioxide  meas¬ 
ured  in  the  gas-measuring  bulb. 

Loosen  the  cap  on  front  end  of  combustion  tube,  fill  the  gas¬ 
measuring  bulb  with  oxygen,  and  pass  oxygen  from  the  bulb 
through  stopcocks  J,  7,  77,  G,  and  F  into  the  exit  end  of  the  com¬ 
bustion  tube.  Admit  the  oxygen  slowly  until  the  first  16-cm. 
spiral  in  the  exit  end  of  the  tube  is  oxidized.  (Caution.  If  the 
copper  is  oxidized  too  rapidly  the  heat  generated  may  fuse  the  cop 
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per  gauze.  To  determine  whether  too  rapid  oxidation  is  taking 
place,  look  for  local  overheating  of  the  copper.)  Reoxidize  this 
spiral  as  often  as  visual  examination  shows  that  it  is  needed.  Close 
the  cap  and  purge  the  combustion  tube  from  front  to  exit  end 
with  one  bulbful  of  carbon  dioxide  through  stopcocks  J,  I,  and 
(after  the  tube)  F  and  E.  Fill  the  measuring  bulb  with  oxygen 
and  slowly  pass  oxygen  from  the  bulb  through  stopcocks  J  and  I 
into  the  front  end  of  the  combustion  tube  until  the  30.5-cm.  spiral 
is  oxidized  but  the  center  spiral  remains  reduced.  Fill  the  gas- 
measuring  bulb  with  carbon  dioxide  and  purge  the  combustion 
tube  from  front  to  exit  end  with  at  least  400  ml.  of  carbon  diox¬ 
ide,  adding  the  carbon  dioxide  slowly  at  first  to  avoid  pushing 
the  oxygen  remaining  in  the  tube  onto  the  reduced  section. 

In  order  to  maintain  the  prepared  combustion  tube  ready  for 
use,  keep  the  combustion  tube  filled  with  carbon  dioxide  and  con¬ 
nected  to  the  gas-measuring  bulb  at  all  times  when  it  is  not  in  use. 
During  this  time,  keep  stopcock  E  closed  and  leave  the  leveling 
bulb  for  the  gas-measuring  bulb  in  a  position  level  with  the  gas¬ 
measuring  bulb.  If  air  is  allowed  to  enter  the  tube  when  it  is 
cold,  or  the  reduced  section  is  accidentally  oxidized  during  an 
analysis,  again  completely  reduce  and  reoxidize  the  filling  in  order 
to  release  any  adsorbed  nitrogen  or  to  reduce  the  center  spiral. 

DETERMINATION  OF  CARBON  DIOXIDE  AND  OXYGEN  BLANK 

Carbon  Dioxide  Blank.  Prepare  the  combustion  tube  for 
use  as  directed  in  the  preceding  section.  Purge  the  combustion 
tube  and  gas  system  with  400  ml.  or  more  of  carbon  dioxide. 
Close  stopcock  E,  raise  the  azotometer  leveling  bulb,  and  fill  the 
azotometer  and  connecting  line  to  the  overflow  bulb  with  30% 
potassium  hydroxide  solution.  Close  stopcock  D  and  return  the 
leveling  bulb  to  its  normal  position. 

Pass  five  bulbfuls  of  carbon  dioxide  through  the  combustion 
tube  via  stopcocks  J,  I,  F,  and  E  into  the  azotometer.  Raise  the 
buret  leveling  bulb  and  fill  the  burets  and  connecting  line  to  the 
overflow  bulb  with  alkaline  brine.  Transfer  the  small  gas  residue 
in  the  azotometer  through  stopcocks  D,  C,  B,  and  A  into  the  25- 
ml.  buret  by  raising  the  leveling  bulb  for  the  azotometer  and  low¬ 
ering  the  buret  leveling  bulb,  and  adjust  the  upper  meniscus  of  the 
gas  to  the  zero  mark.  After  2  minutes  bring  the  level  of  the  liquid 
in  the  leveling  bulb  to  the  level  of  liquid  in  the  buret  and  read  the 
gas  volume  corresponding  to  the  volume  of  nitrogen  contained  in 
five  bulbfuls  of  carbon  dioxide.  Calculate  the  volume  of  nitrogen 
per  bulbful  of  carbon  dioxide.  Redetermine  the  carbon  dioxide 
blank  periodically  as  required. 

Oxygen  Blank.  As  directed  in  the  section  on  preparation  of 
apparatus  for  analysis,  pass  sufficient  hydrogen  into  the  front  end 
of  the  combustion  tube  to  reduce  most  of  the  copper  in  the  front 
30.5-cm.  section,  yet  leaving  the  last  16-cm.  section  substantially 
oxidized.  Purge  the  combustion  tube  with  carbon  dioxide  until 
the  nitrogen  residue  collected  in  the  azotometer  from  a  single 
bulbful  of  carbon  dioxide  is  approximately  equal  to  that  collected 
from  an  equivalent  quantity  of  gas  in  the  carbon  dioxide  blank  de¬ 
termination.  Close  stopcock  E,  raise  the  azotometer  leveling 
bulb,  and  fill  the  azotometer  and  connecting  line  to  the  overflow 
bulb  with  30%  potassium  hydroxide  solution.  Close  stopcock  D 
and  return  the  leveling  bulb  to  its  normal  position. 

Open  stopcock  E,  fill  the  gas-measuring  bulb  with  oxygen,  and 
pass  the  oxygen  into  the  combustion  tube  via  stopcocks  J  and  I. 
Repeat  this  process  until  the  30.5-cm.  section  is  entirely  oxidized. 
Purge  the  tube  with  two  bulbfuls  of  carbon  dioxide,  passing  the 
gas  as  before  through  the  combustion  tube  into  the  azotometer. 
Measure  the  gas  residue  as  directed  for  determination  of  the  car¬ 
bon  dioxide  blank.  Correct  the  measured  volume  for  the  calcu¬ 
lated  amount  of  nitrogen  present  in  the  two  bulbfuls  of  carbon 
dioxide  used  in  purging  the  combustion  tube  and  consider  the  dif¬ 
ference  as  the  volume  of  nitrogen  present  in  the  total  volume  of 
oxygen  used  to  reoxidize  the  first  copper  section.  Calculate  the 
volume  of  nitrogen  per  bulbful  of  oxygen.  Redetermine  the  oxy¬ 
gen  blank  at  frequent  intervals. 

The  oxygen  blank  may  easily  and  preferably  be  combined  with 
the  initial  preparation  of  the  combustion  tube  filling.for  use,  but  it 
must  follow  the  oxidation  of  the  copper  spiral  in  the  exit  end  of 
the  tube. 

PROCEDURE 

Solid  or  Liquid  Samples.  Place  sufficient  acid  brine  in  the 
bubble  counter  just  to  cover  the  tip  of  the  bubbling  tube  and  fill 
the  tubes  connecting  stopcocks  C,  H,  G,  and  I  with  alkaline  brine. 
Accurately  weigh  sufficient  sample  to  yield  30  to  50  ml.  of  nitro¬ 
gen  gas  upon  combustion,  except  that  the  size  of  sample  should 
not  exceed  0.6  gram.  Weigh  stable  solid  or  heavy  liquid  samples 
in  nickel  or  porcelain  boats.  Weigh  nonviscous  liquid  samples  in 
special  sample  tubes  made  from  a  50-  to  55-mm.  section  of  7-mm. 
outside  diameter  Pyrex  tubing  sealed  at  one  end.  Place  volatile 


Table  I.  Precision  and  Accuracy  of  Method  for  Determination  of 

Nitrogen 

Nitrogen,  %  by  Weight 


Material 

Found 

Theory 

Toluene 

0.00 

0.00 

0.00 

0.00 

0.02 

0.00 

0.01 

0.00 

0.00 

0.00 

Naphthalene 

0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.01 

0.00 

Pyridine 

17.57 

17.71“ 

17.59 

17.71 

Quinoline 

10.63 

10.856 

Nitrobenzene 

11.37 

11.38 

11.34 

11.38 

11.36 

11.38 

11.33 

11.38 

11.33 

11.38 

p-Nitrophenol 

9.98 

10.07 

9.96 

10.07 

10.01 

10.07 

“  17.65%  nitrogen  by  potentiometrie  titration. 
&  10.83%  nitrogen  by  potentiometrie  titration. 


liquid  samples  in  a  special  sample  tube  in  which  the  sample  is 
retained  between  two  plugs  of  paraffin.  Construct  this  sample 
tube  of  7-mm.  outside  diameter  Pyrex  tubing  which  has  been 
constricted  at  two  points  20  to  50  mm.  apart,  depending  on  the 
desired  size  of  sample;  cut  the  tube  at  the  midpoint  of  one  con¬ 
striction  and  at  a  point  a  little  beyond  the  midpoint  in  the  second 
constriction  to  make  a  tube  with  a  small  funnel  on  one  end.  Seal 
the  smallest  end  by  dipping  in  pure  melted  paraffin  wax,  weigh  the 
sample  tube,  fill  it  entirely  with  sample  up  to  the  constriction  on 
the  other  end,  wipe  out  the  excess  sample  in  the  small  funnel,  and 
weigh  the  tube  plus  sample.  Immediately  after  weighing,  seal 
the  open  end  of  the  tube  with  a  drop  of  molten  paraffin.  WheD 
sample  tubes  are  being  used,  place  them  in  suitable  boats. 

Open  the  front  end  of  the  combustion  tube  and  push  the  boat 
and  sample  into  the  center  of  the  sample  heater  section.  When 
sample  tubes  are  being  used,  place  them  so  that  the  open  end 
faces  toward  the  filled  portion  of  the  combustion  tube.  Place  the 
hollow  glass  plug  in  position  directly  under  the  primary  heater  sec¬ 
tion  and  replace  the  cap  on  the  front  end  of  the  combustion  tube. 

Open  the  top  of  the  azotometer  to  the  air  through  stopcocks  D, 
C,  and  B,  so  that  the  bulk  of  the  caustic  flows  into  the  lowered 
leveling  bulb.  Purge  the  combustion  tube  with  two  or  three  bulb¬ 
fuls  of  carbon  dioxide,  passing  the  gas  through  stopcocks  J,  I,  F, 
and  E  into  the  azotometer.  Close  stopcock  E,  raise  the  azotom¬ 
eter  leveling  bulb,  fill  the  azotometer  and  tube  leading  to  the  over¬ 
flow  bulb  with  30%  potassium  hydroxide  solution,  and  lower  the 
leveling  bulb  to  its  normal  position.  Open  stopcock  E  and  pass  a 
bulbful  of  carbon  dioxide  from  the  gas-measuring  bulb  through 
the  combustion  tube  via  stopcocks  J ,  I ,  F ,  and  E  into  the  azotom¬ 
eter  and  note  the  volume  of  the  gas  residue  in  it.  In  this  manner, 
roughly  check  the  carbon  dioxide  blank  before  each  analysis  to 
detect  incomplete  purging  and  leaks.  For  this  purpose,  do  not 
measure  the  gas  residue  in  the  buret  but  compare  it  to  a  normal 
carbon  dioxide  blank  by  means  of  a  mark  placed  on  the  2-mm. 
capillary  tubing  below  stopcock  D  representing  the  volume  of  a 
normal  blank.  If  the  gas  residue  is  not  normal,  purge  with  more 
carbon  dioxide  until  a  normal  blank  results.  Again  fill  the  azo¬ 
tometer  and  the  tube  leading  to  the  overflow  bulb  with  caustic 
as  before. 

Fill  the  gas-measuring  bulb  with  carbon  dioxide  and  pass  gas 
from  the  bulb  through  the  combustion  tube  (via  stopcocks  J  and 
I)  into  the  azotometer  (via  stopcocks  F  and  E)  at  a  rate  of  10  to 
30  ml.  per  minute,  adjusting  the  rate  by  the  position  of  stopcock 
I.  At  the  same  time  adjust  the  primary  heater  to  525 0  to  575 0  C., 
turn  on  the  sample  heater,  and  slowly  raise  the  temperature 
until  the  sample  begins  to  vaporize  as  shown  by  the  appearance  of 
reduced  copper  in  the  first  copper  oxide  section  and  by  the 
change  in  rate  of  flow  of  gas  into  the  azotometer.  Maintain  the 
sample  heating  so  that  the  rate  of  volatilization  or  decomposition 
of  the  sample  will  cause  the  reduction  of  not  more  than  three 
quarters  of  the  first  oxide  spiral.  Avoid  too  rapid  heating  or 
vaporization  of  the  sample,  because  this  condition  may  cause  the 
entire  tube  to  be  partially  reduced,  forming  large  quantities  of 
methane.  Continue  to  increase  the  temperature  of  the  sample 
heater  until  the  sample  is  entirely  vaporized  or  thoroughly 
charred.  (Fifteen  to  30  minutes  are  usually  required  for  the  de¬ 
composition  of  0.5  gram  of  sample.) 

When  all  the  volatile  material  has  been  driven  off  and  the 
sample  heater  is  at  675°  to  700°  C.,  fill  the  gas-measuring  bulb 
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with  oxygen  and  slowly  pass  sufficient  oxygen  into  the  combustion 
tube  to  burn  the  carbon  residue  and  to  reoxidize  the  portion  of 
the  30.5-cm.  copper  spiral  that  was  reduced  during  the  combus¬ 
tion.  Immediately  after  the  oxidation  is  complete,  slowly  pass 
one  gas-measuring  bulbful  of  carbon  dioxide  into  the  combustion 
tube  and  turn  off  the  primary  and  sample  heaters.  Close  stop¬ 
cock  E,  transfer  the  gas  residue  in  the  azotometer  through  stop¬ 
cocks  D,  C,  B,  and  A  into  the  appropriate  size  gas-measuring 
buret,  and  read  the  approximate  volume  of  gas. 

Pass  the  gas  in  the  buret  into  the  gas-measuring  bulb  via  stop¬ 
cocks  A,  B,  C,  H,  I,  and  J  and  fill  the  remaining  space  in  the 
measuring  bulb  with  oxygen.  If  the  gas  is  suspected  to  be  largely 
methane,  add  only  25  to  35  ml.  of  oxygen  and  fill  the  remainder 
of  the  gas-measuring  bulb  with  carbon  dioxide  in  order  to  mini¬ 
mize  the  possibility  of  an  explosion. 

Pass  this  mixture  slowly  through  the  combustion  tube  through 
stopcocks  J  and  I  and  into  the  azotometer  through  stopcocks  F 
and  E.  Purge  the  combustion  tube  with  two  to  three  gas-meas¬ 
uring  bulbfuls  of  carbon  dioxide,  close  the  stopcock  E,  and  again 
measure  the  gas  in  the  buret.  Mix  the  gas  with  oxygen  and  re¬ 
cycle  the  gas  through  the  hot  combustion  tube  until  the  volume 
of  the  gas  diminishes  less  than  1  ml.  between  successive  passes. 
(Generally,  two  recycling  operations  are  ample.) 

After  recycling,  transfer  the  gas  in  the  azotometer  to  the  ap¬ 
propriate  buret.  After  2  minutes,  adjust  the  top  of  the  gas  vol¬ 
ume  to  the  zero  mark  of  the  buret,  place  the  buret  leveling  bulb 
at  the  level  of  the  liquid  in  the  buret,  and  read  the  gas  volume. 
Keep  a  record  of  the  volume  of  carbon  dioxide  and  oxygen  used 
during  the  test,  as  measured  in  the  gas-measuring  bulb,  and 
make  appropriate  correction  for  the  nitrogen  contained  in  these 
gases. 

Each  day  before  beginning  an  analysis,  purge  the  oxygen  and 
carbon  dioxide  lines  through  stopcocks  K,  J,  I,  H,  and  G  for  1  or 
2  minutes  to  remove  an^  air  which  may  have  diffused  into  or  col¬ 
lected  in  the  system.  Each  day  after  use,  flush  the  burets,  stop¬ 
cocks,  and  glass  connecting  lines  with  1  to  2  N  hydrochloric  acid 
to  minimize  the  corrosive  action  of  the  basic  solutions  on  the 
glass.  Replace  the  30%  potassium  hydroxide  solution  as  soon  as 
its  efficiency  for  carbon  dioxide  becomes  noticeably  diminished 
(300  ml.  of  the  potassium  hydroxide  solution  are  usually  ample  for 
six  to  eight  analyses) . 

Gas  Samples.  To  analyze  gas  samples  for  nitrogen  (plus 
inert  gases) ,  fill  the  tubes  connecting  stopcocks  C,  H,  I,  G,  F,  and 
the  gas  sample  inlet  with  alkaline  brine  and  purge  the  combustion 
tube  in  the  usual  manner.  Pass  a  suitable  quantity  of  the  sample 
through  stopcocks  G,  F,  and  E  into  the  caustic-filled  azotometer, 
being  careful  to  exclude  contamination  of  the  gas  with  air.  Ac¬ 
curately  measure  50  to  75  ml.  of  the  gas  in  the  large  buret,  purge 
the  combustion  tube,  fill  the  azotometer  with  potassium  hydrox- 
,  ide  solution,  and  pass  the  gas  via  stopcocks  A,  B,  C,  H,  I ,  and  J 
into  the  gas-measuring  bulb.  Slowly  pass  the  gas  through  the 
hot  combustion  tube  into  the  azotometer.  Omit  addition  of  oxy¬ 
gen  on  the  initial  pass  to  reduce  the  danger  of  an  explosion,  in 
the  usual  manner,  mix  the  residual  gas  with  oxygen,  recycle  the 
mixture,  and  measure  the  total  gas  volume  remaining. 


Table  II.  Typical  Results  Obtained  by  Method  for  Determination 

of  Nitrogen 


Material 

Nitrogen  Found 

%  by  weight 

Gasoline 

Lubricating  oil 

Oil  extract 

Oil  additive 

Aliphatic  amino  phosphate 

A'-alkyl  piperidine 

Synthetic  rubber 

Zine  dibutyldithiocarbamate 

0.02,  0.01 
0.02,  0.02 
0.52,  0.51 
3.68,  3.69 
6.23,  6.22 
6.95,  6.93 
7.62,  7.58 
7.76,  7.74 

Xylidine 

Nitroxylene 

Dinitroxylene 

Amino  alcohol 

Alkyl  urea 

Aliphatic  nitrile 

Oil  additive 

Cyano  ether 

Heterocyclic  compound 

Oil  additive 

Crude  urea 

8.35,  8.34 
8.50,  8.48 
10.67,  10.68 
11.97, 11.95 

19.3,  19.2 
19.9,  19.8 
21.1,  21.1 

22.3,  22.3 
40.5,  40.6 
43.1,  43.1 
44.0,  44.0 

%  by  volume 

Commercial  hydrogen 

Commercial  oxygen 

Impure  nitric  oxide 

0.07,  0.08 
0.46,  0.47 
30.7, 30.8 

Calculation.  Solid  and  Liquid  Samples.  The  percentage 
of  nitrogen  by  weight  = 


(F  -  c)(P  -  v)  (0.0449) 
(273  +  t)(W) 


where  V  = 
c  = 

P  = 

V  =- 
t  = 
W  = 


total  volume  of  nitrogen  collected,  ml. 
ml.  of  nitrogen  contained  in  the  total  quantity  of 
oxygen  and  carbon  dioxide  used 
barometric  pressure,  mm.  of  mercury 
vapor  tension  of  saturated  brine,  mm.  of  mercury 
temperature  of  buret  jacket,  °  C. 

Weight  of  sample,  grams  *' 


Gas  Samples.  The  percentage  of  nitrogen  -(including  inert 
gases)  by  volume  (carbon  dioxide-free  basis)  = 


(F,  -  c)( 273  +  h){P2  -  pa)  (100) 

(Fi)  (273  +  ti)  (Pi  —  pi) 

where 

Fi,  Pi,  and  ti  =  volume  of  gas  (ml.),  barometric  pressure  (mm.  of 
mercury),  and  jacket  temperature  ( °  C.)  of  gas  before  combus¬ 
tion 

F2,  Pi,  and  t2  =  corresponding  values  after  combustion 
c  =  volume  of  nitrogen  (ml.)  contained  in  total  quantity  of  oxy¬ 
gen  and  carbon  dioxide  used  in  test 
Pi  and  P2  =  vapor  tension  of  saturated  brine  (mm.  of  mercury) 
at  temperatures  U  and  t2. 


DISCUSSION 

This  method  has  been  in  use  approximately  7  years  and  during 
that  time  has  been  successfully  applied  to  the  analysis  of  a  wide 
variety  of  materials  such  as  gases,  volatile  solvents,  aviation  gas¬ 
oline,  motor  fuels,  organic  preparations,  sludge,  plant  residues, 
tar,  asphalt,  amines,  nitro  compounds,  aqueous  solutions,  and 
related  materials.  A  skilled  operator  can  make  six  to  eight  deter¬ 
minations  on  liquid  or  solid  samples  and  twelve  to  fifteen  de¬ 
terminations  on  gas  samples  in  an  8-hour  day.  Table  I  shows  the 
precision  and  accuracy  obtained  by  the  analysis  of  a  number  of 
pure  compounds.  The  results  listed  in  Table  II  are  typical  of  the 
precision  obtained  by  the  analysis  of  various  plant  and  laboratory 
materials;  Table  II  gives  no  definite  information  concerning  ac¬ 
curacy  since  the  compounds  given  are  crude  materials  or  concen¬ 
trates. 

With  care,  a  combustion  tube  and  filling  can  be  used  for  50  to 
75  analyses.  The  life  of  the  filling  depends  considerably  on  the 
care  used  in  the  reoxidation  of  the  copper  oxide  during  the  analy¬ 
sis.  The  analysis  of  halogen-  or  sulfur-containing  compounds  gen¬ 
erally  reduces  the  life  of  the  filling. 

In  a  recycle  method  of  this  type  it  is  essential  that  the  appara¬ 
tus  be  gas-tight.  Rubber  tubing  connections  are  not  satisfactory 
in  this  respect  because  of  the  slow  diffusion  of  nitrogen  through 
the  rubber  and  the  increased  danger  of  leaks.  A  glass  and  metal 
system  with  some  form  of  vacuum-tight  seal  between  the  various 
parts  is  the  most  satisfactory. 

Experience  has  shown  that  nitrogen  is  adsorbed  on  cold  copper 
oxide  and  is  released  very  slowly  on  heating,  but  is  completely 
displaced  when  the  oxide  is  reduced.  Consequently,  if  nitrogen  is 
allowed  to  enter  the  cold  combustion  tube,  the  first  few  analyses 
will  be  too  high  because  the  adsorbed  nitrogen  is  released  when 
the  filling  is  reduced  by  the  sample  vapors.  This  difficulty  is 
overcome  by  first  reducing  the  filling,  reoxidizing  the  proper  por¬ 
tions,  and  maintaining  an  atmosphere  of  nitrogen-free  carbon  di¬ 
oxide  in  the  combustion  tube  when  it  is  not  in  use. 

In  the  early  development  of  the  method,  the  filling  was  first 
completely  oxidized  and  a  portion  of  it  subsequently  reduced  by 
passing  hydrogen  through  the  combustion  tube  while  heating  the 
section  of  the  tube  to  be  reduced  with  a  flame.  This  procedure 
caused  considerable  breakage  and  it  was  necessary  to  analyze  a 
known  sample  repeatedly  until  the  correct  result  was  obtained 
before  proceeding  with  an  unknown  sample.  The  first  few  analy¬ 
ses  were  always  high,  owing  to  nitrogen  adsorbed  in  the  filling. 
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Satisfactory  carbon  dioxide  for  purging  has  also  been  prepared 
by  slowly  blowing  off  through  a  reducing  valve  at  least  one  half  of 
the  liquid  contents  of  a  full  cylinder  of  carbon  dioxide.  However, 
the  success  of  this  procedure  depends  largely  on  the  purity  of  the 
carbon  dioxide  as  it  is  received.  Preparation  from  solid  carbon 
dioxide  has  been  found  to  be  more  rapid  and  to  give  a  uniform, 
low  blank. 

The  oxygen  required  for  the  analysis  is  preferably  prepared  in  a 
totally  enclosed  electrolytic  generator  with  a  capacity  of  at  least 
3  liters  of  oxygen  at  atmospheric  pressure  and  operated  at  a  pres¬ 
sure  of  2  to  5  pounds  per  sq.  inch.  In  a  totally  enclosed  generator 
an  automatic  valve  is  required  in  the  hydrogen  vent  line  in  order 
to  maintain  equal  pressures  in  the  hydrogen  and  oxygen  chambers 
and  thus  avoid  surging  of  the  electrolyte.  If  a  totally  enclosed 
generator  is  not  used  and  the  hydrogen  is  allowed  to  escape  freely 


to  the  atmosphere,  there  is  danger  that  nitrogen  from  the  atmos¬ 
phere  may  dissolve  in  the  electrolyte  and  diffuse  into  the  oxygen 
chamber. 

All  connections  to  the  oxygen  generator  and  carbon  dioxide 
cylinder  must  be  gas-tight.  Even  though  these  lines  are  under 
pressure,  nitrogen  from  the  atmosphere  often  diffuses  in  through 
very  small  leaks  in  valve  packings,  connections,  etc.  This  diffi¬ 
culty  has  been  a  source  of  considerable  annoyance. 
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Determination  of  Sulfur  Dioxide  in  Fruits 
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The  sulfur  dioxide  content  of  frozen  fruits  and  of  other  types  of  fruit 
can  be  determined  rapidly  by  extraction  by  blending  in  buffered 
sodium  chloride  solution,  which  stabilizes  sulfur  dioxide  against 
enzymic  and  autoxidation;  filtration;  treatment  with  alkali  to 
dissociate  combined  sulfur  dioxide;  and  acidification  and  titration 
with  iodine,  with  and  without  added  formaldehyde,  which  binds 
sulfur  dioxide. 

SULFUR  dioxide  is  commonly  used  to  preserve  color  and 
flavor  of  dried  fruits  and  certain  frozen  fruits.  Its  use  re¬ 
quires  control  within  rather  wide  limits  in  dried  fruits  but  within 
relatively  narrow  limits  in  frozen  fruits.  As  a  result  of  the  recent 
large  expansion  of  the  frozen-fruit  industry,  the  problem  of  con¬ 
trolling  sulfur  dioxide  concentration  in  frozen  fruits  has  become 
more  important. 

Methods  of  determination  used  satisfactorily  for  dried  fruits 
have  not  proved  adequate  for  frozen  fruits.  Sulfur  dioxide  in 
fruits  is  commonly  measured  by  distillation  from  an  acid  solu¬ 
tion  into  iodine  or  hydrogen  peroxide  solution,  followed  by 
measurement  of  the  amount  of  oxidizing  agent  reduced.  Dis¬ 
tillation  methods  are  slow,  require  rather  elaborate  equipment  if 
many  samples  are  to  be  analyzed,  and  often  give  erratic  results. 
For  these  reasons  a  rapid  simplified  method  that  yields  accurate 
results  for  small  amounts  of  sulfur  dioxide  is  needed. 

Several  methods  not  involving  distillation  have  been  devel¬ 
oped.  Iokhel’son  and  Nevstrueva  (2)  devised  a  method  that  is 
essentially  as  follows:  The  crushed  sample  is  allowed  to  stand 
30  minutes  in  an  alcoholic  potassium  hydroxide  solution,  with 
frequent  shaking  to  extract  the  sulfur  dioxide;  pigments  and 
cellulose  are  precipitated  with  magnesium  bisulfate;  excess  io¬ 
dine  is  added  to  aliquots  of  the  clear  extract  in  the  presence  and 
absence  of  formaldehyde;  and  the  residual  iodine  is  titrated  with 
sodium  thiosulfate.  Formaldehyde  forms  an  aldehyde-bisulfite 
complex  with  sulfur  dioxide  that  is  stable  to  iodine  titration, 
thus  providing  a  blank  for  reducing  substances  other  than  sulfur 
dioxide. 

Bennett  and  Donovan  (I)  measured  the  sulfur  dioxide  content 
of  citrus  juices  by  liberating  bound  sulfur  dioxide  with  strong  so¬ 
dium  hydroxide,  acidifying,  and  titrating  directly  with  iodine. 
Sulfur  dioxide  is  bound  with  acetone  or  removed  by  boiling,  as  a 
means  of  obtaining  a  blank  value. 

Prater  and  co-workers  (7)  measured  sulfur  dioxide  in  dehy¬ 
drated  fruits  by  grinding  in  a  food  chopper,  blending  in  water, 
allowing  the  blended  sample  to  stand  20  minutes  in  strong  so¬ 
dium  hydroxide  solution  to  liberate  bound  sulfur  dioxide,  and 
titrating  directly  with  iodine.  They  used  acetone  at  pH  2  to  3 
to  obtain  the  blank  value. 


All  these  methods  leave  much  to  be  desired,  especially  wheD 
applied  to  frozen  fruits.  The  extraction  procedures  (2,  7)  are 
not  applicable  to  fruits  sampled  when  frozen.  Clarification  with 
magnesium  bisulfate  is  tedious  and  back-titration  with  thiosulfate 
gives  high  and  variable  blank  values  on  unsulfured  fruit  (2).  In 
the  authors’  experience  the  use  of  acetone  to  bind  sulfur  dioxide 
( 1 ,  7)  has  given  a  poorer  end  point  than  formaldehyde.  None 
of  the  methods  is  applicable  to  frozen  fruits  that  contain  active 
oxidizing  enzymes  and  oxygen  (as  they  usually  do) ,  because  pre¬ 
cautions  are  not  taken  to  eliminate  enzymic  oxidation  of  sulfur 
dioxide  during  grinding  and  extracting,  and  autoxidation  during 
alkaline  treatment. 

In  the  method  presented  here  errors  due  to  oxidation  of  sulfur 
dioxide  have  been  eliminated  or  greatly  reduced.  The  efficiency 
of  extraction  and  clarification  has  been  improved  by  the  use  of  a 
blender  and  filtration,  respectively.  Formaldehyde  is  used  to 
obtain  a  blank  value  for  reducing  substances  other  than  sulfur 
dioxide  as  in  the  method  of  Iokhel’son  and  Nevstrueva  {2) ;  and 
bound  sulfur  dioxide  is  liberated  with  alkali  as  in  the  methods  of 
Jensen  (S),  Bennett  and  Donovan  ( 1 ),  and  Prater  et  al.  (7),  with 
alteration  of  conditions  for  alkaline  treatment.  The  whole  pro¬ 
cedure  requires  about  15  to  20  minutes  for  one  sample  and  much 
less  if  a  series  is  analyzed.  The  method  used  for  dried  fruits 
varies  somewhat  from  that  used  for  sulfured  fresh  or  frozen  fruit, 
because  of  differences  in  enzyme  and  tissue  oxygen  content. 

METHODS 

For  Fresh  or  Frozen  Fruits.  A  100-gram  sample  of  fruit 
is  weighed  into  a  blender  (such  as  the  Waring  Blendor),  10  ml.  of 
0.5  M  tartrate  buffer  at  pH  4.5  (tartaric  acid  and  sodium  hy¬ 
droxide)  and  490  ml.  of  aqueous  sodium  chloride  solution,  20% 
by  weight,  are  added,  and  the  mixture  js  blended  3  to  5  minutes. 
Sufficient  blended  material  for  subsequent  iodine  titrations  (100 
mm.  or  more)  is  filtered  through  coarse  paper  with  suction  or 
through  a  cotton  milk  filter  disk.  Filter  aid  can  be  used  without 
loss  of  sulfur  dioxide  and  is  useful  with  gummy  fruits  such  as 
apricots. 

A  50-ml.  portion  of  filtrate  is  pipetted  into  each  of  two  125-ml. 
Erlenmeyer  flasks,  and  to  each  flask  2  ml.  of  1  N  sodium  hydrox¬ 
ide  are  added.  After  about  30  seconds  the  samples  are  acidified 
with  approximately  2  ml.  of  6  N  hydrochloric  acid.  One  flask  is 
titrated  at  once  with  standard  0.02  N  iodine,  with  1  ml.  of  1% 
starch  solution  as  indicator.  To  the  other  flask  approximately  1 
ml.  of  40%  formaldehyde  is  added.  This  sample  is  allowed  to 
stand  10  minutes  and  is  then  titrated  with  iodine. 

The  amount  of  sulfur  dioxide  in  the  fruit  in  parts  per  million 
on  the  fresh-weight  basis  is  calculated  from  the  difference  in 
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amount  of  iodine  used  in  the  presence  and  absence  of  formalde¬ 
hyde  as  follows:  For  a  50-ml.  aliquot, 

• 

Total  SO2  in  p.p.m.  =  ml.  of  iodine  (normality)  (640)- 

volume  of  liquid  in  sample  +  500  .  . 

weight  of  sample  ' 

The  volume  of  liquid  in  fresh  or  frozen  fruit  may  be  considered 
as  94  ml.  per  100  grams,  and  the  formula  becomes: 

S02  in  p.p.m.  =  ml.  of  iodine  (normality)  (3800)  (2) 

For  Dried  Fruits.  A  20-gram  sample  of  dried  fruit  (or  40 
grams  if  sulfur  dioxide  is  low)  is  blended  in  a  mixture  of  10  ml.  of 
0.5  M  tartrate  buffer  at  pH  4.5  and  490  ml.  of  water,  for  10 
minutes.  Tough  fruit  should  be  cut  into  strips  or  ground  before 
blending;  soaking  is  not  recommended,  since  it  does  not  reduce 
!  the  required  blending  time  appreciably.  After  filtering,  50-ml. 

aliquots  are  titrated  as  for  fresh  or  frozen  fruits,  except  that  4  ml. 
I  of  1  A  sodium  hydroxide  instead  of  2  ml.  are  used  to  liberate 
bound  sulfur  dioxide. 

The  amount  of  sulfur  dioxide  on  the  “as  is”  basis  is  calculated 
from  Equation  1 ;  in  this  case  the  volume  of  liquid  in  the  sample 
is  calculated  as  the  weight  of  sample  X  (%  moisture/100). 
The  moisture  need  be  estimated  only  to  5  to  10%. 


Table  I.  Loss  of  Sulfur  Dioxide  from  Aqueous  Solutions  during 

Blending 

Minutes  Blended 


Solution  Blended  1 

2 

3  4  5 

Loss  of  SO2,  1 

NazSOs  (pH  7.9) 

67. 1 

91.0  . 

NasS03  +  alcohol  to  20% 
NazSOs  +  0.003%  hydro- 

0.6 

1.5  ... 

quinone 

1.8 

3.6  ... 

NaHSOs  (pH  4.8) 

0.0 

0.0  0.9 

H2SOs  (pH  1.0)  10.5 

27.7® 

0  Rapid  corrosion  of  stainless  steel  blender  blades. 


DISCUSSION  OF  METHOD 

Stabilization  op  Sulfur  Dioxide  during  Blending.  Pre¬ 
liminary  experiments  were  conducted  to  ascertain  which  mo¬ 
lecular  species  of  the  sulfurous  acid  group  was  most  stable  during 
blending.  Aqueous  solutions  of  sodium  sulfite,  sodium  bisulfite, 
and  sulfurous  acid,  each  containing  770  p.p.m.  of  sulfur  dioxide, 
were  blended  for  varying  lengths  of  time  and  the  remaining  sulfur 
dioxide  was  measured.  The  volume  of  solution  blended  in  each 
case  was  300  ml.  With  sodium  sulfite  solutions  the  losses  were 
also  measured  in  the  presence  of  alcohol  and  hydroquinone  as 
antioxidants.  The  results  (Table  I)  indicate  that  the  different 
molecular  species  have  widely  varying  stabilities. 

It  is  evident  that  bisulfite  ion  is  by  far  the  most  stable  form, 
with  loss  during  a  5-minute  blending  period  of  only  about  1% 
without  the  addition  of  an  antioxidant.  Since  the  concentration 
of  sulfur  dioxide  in  the  filtrate  is  usually  not  over  100  p.p.m. 
with  the  size  of  sample  recommended,  loss  of  sulfur  dioxide  is  neg¬ 
ligible  during  blending  in  buffer  which  maintains  the  sulfur  di¬ 
oxide  mainly  as  bisulfite  ion. 

Although  bisulfite  ion  is  the  most  stable  of  the  molecular  spe¬ 
cies,  its  stability  varies  markedly  in  different  kinds  of  buffers  at 
the  same  pH.  In  order  to  find  the  most  satisfactory  buffer,  sulfur 
dioxide  losses  were  measured  during  blending  for  10  minutes  in 
various  kinds  of  buffers  and  over  a  pH  range  of  4.0  to  5.5  (Table 
II) .  In  each  test  380  ml.  of  solution  were  blended. 

The  data  show  that  tartrate  buffer  was  the  most  effective; 
consequently  it  was  used  in  the  extraction.  The  pH  need  not  be 
maintained  at  an  exact  value,  since  stability  is  practically  con¬ 
stant  between  pH  4  and  5.  A  0.01  M  concentration  of  buffer  is 
used  because  the  large  volume  provides  an  adequate  amount  at 
this  concentration.  Mitchell,  Pitman,  and  Nichols  (4)  have 
shown  that  tartaric  acid  inhibits  oxidation  of  sulfurous  acid. 

A  3-  to  5-minute  blending  time  is  sufficient  for  soft  fruits,  but 


Table  II.  Loss  of  Sulfur  Dioxide  from  Variously  Buffered  Sodium 
Bisulfite  Solutions  during  Blending  for  10  Minutes 


pH _  _ pH 


Buffer 

4.0 

4.5  5.0 

Loss  of  SO2,  % 

5.5 

4.0  4.5  5.0  5.5 
Loss  of  S02,  p.p.m. 

0.1  M  tartrate 

0.3 

0.4 

0.3 

6.1 

0.6 

2 

2 

14 

0.1  M  phthalate 

0.5 

0.4 

1.4 

62.2 

3 

2 

9 

335 

0.1  M  oxalate 

7.9 

5.1 

5.5 

36 

33 

36 

0.1  M  succinate 

1.5 

0.6 

8.7 

9 

3 

48 

0.1  M  acetate 

No  buffer  (HC1  + 

17.8 

26.2 

99.5 

104 

152 

350 

NaOH) 

3.3 

1.5 

0.9 

1.1 

4 

23 

10 

6 

6 

for  tough  dried  fruits  a  10-minute  period  or  even  more  should  be 
used.  It  has  been  found  with  both  the  distillation  and  titration 
methods  that  there  is  no  loss  of  sulfur  dioxide  from  dried  fruits, 
on  blending  within  15  minutes.  The  filtrate  from  the  blended 
mixture  is  somewhat  cloudy,  but  further  clarification  is  not  neces¬ 
sary;  the  cloudiness  does  not  interfere  with  direct  titration. 

Prevention  of  Enzymic  Oxidation  of  Sulfur  Dioxide. 
Blending  of  fruit  in  which  active  oxidizing  enzymes  are  present 
causes  a  large  loss  of  sulfur  dioxide  if  buffer  alone  is  used.  This 
loss  is  evidently  due  to  enzyme-catalyzed  oxidation,  a  phenome¬ 
non  apparently  not  heretofore  recognized.  The  reaction  is  very 
rapid  in  both  fresh  sulfured  fruit  and  in  frozen  fruit.  When 
300  p.p.m.  of  sulfur  dioxide  were  added  to  fresh  apricots  or  other 
fruit  having  high  phenol  oxidase  activity  (the  enzyme  largely  re¬ 
sponsible  for  fruit  browning),  immediate  blending  in  buffer  and 
analysis  revealed  only  100  to  200  p.p.m.  of  residual  sulfur  dioxide; 
the  remainder  had  been  oxidized.  When  a  known  amount  of  sulfur 
dioxide  was  added  to  blanched  fruit  or  fruit  completely  pene¬ 
trated  with  sulfur  dioxide,  the  added  amount  was  recovered 
completely  (Table  III).  Since  the  texture  of  many  fruits  pre¬ 
vents  penetration  of  sulfur  dioxide  much  below  the  surface  be¬ 
fore  or  during  frozen  storage,  a  large  portion  of  the  enzyme  below 
the  surface  remains  potentially  active.  When  the  fruit  is  thawed 
the  active  enzyme  is  able  to  catalyze  first  the  oxidation  of  sulfur 
dioxide  and  then  (if  all  the  sulfur  dioxide  is  oxidized)  oxidative 
darkening  of  the  fruit.  For  example,  fruits  with  higher  phenol 
oxidase  activity  require  a  higher  content  of  sulfur  dioxide  to 
protect  the  color  of  the  fruit  when  thawed. 

The  texture  of  some  fruits,  such  as  apricots  and  peaches,  ap¬ 
pears  to  prevent  entrance  of  oxygen,  as  well  as  sulfur  dioxide, 
into  the  fruit.  This  texture  characteristic  prevents  enzyme  ac¬ 
tivity  in  fruit  having  sulfur  dioxide  on  the  surface,  since  atmos¬ 
pheric  oxygen  is  required  for  oxidation  by  phenol  oxidase,  and 
the  surface  enzyme  exposed  to  oxygen  has  been  inactivated. 


Table  III.  Recovery  by  Titration  Method  of  Sulfur  Dioxide  Added 
to  Fresh  and  Frozen  Fruit 

Original  S02  Total  SO, 

Fruit 

Extracting  Solution 

S02 

P.p.m. 

Added 

P.p.m. 

Found 

P.p.m. 

Apples 

S02-treated 

Buffer 

24 

24 

50 

S02-treated 

Buffer 

30 

70 

94 

S02-treated 

Buffer 

30 

45 

73 

S02-treated 

Buffer 

173 

24 

199 

Steam-scalded 

Buffer 

0 

146 

143 

Buffer 

0 

498 

497 

Fresh,  untreated 

Buffer 

Buffer  +  0.6  satd. 

0 

265 

240 

NaCl  (20%) 

0 

265 

263 

Apricots 

Fresh,  untreated 

Buffer 

0 

200 

47 

Frozen,  untreated 

Buffer 

Buffer  -f-  0.4  satd. 

0 

94 

25 

NaCl  (13.5%) 
Buffer  +  0.5  satd. 

0 

94 

92 

NaCl  (16.9%) 
Buffer  +  0.7  satd. 

0 

94 

95 

NaCl  (23.6%) 
Buffer  +  satd. 

0 

94 

94 

Cherries,  untreated 

NaCl  (33.4%) 
Buffer  +  satd. 

0 

94 

86 

NaCl  (33.4%) 

0 

160 

159 
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However,  when  the  fruit  is  frozen  and  thawed  the  texture  is 
broken  down,  so  that  oxygen  comes  in  contact  with  the  active 
enzyme,  allowing  oxidation  of  sulfur  dioxide  and  usually  also 
darkening  of  the  fruit.  In  apples  the  texture  is  more  open,  al¬ 
lowing  both  oxygen  and  sulfur  dioxide  to  penetrate;  the  enzyme 
is  usually  inactivated  before  the  fruit  is  frozen  and  oxidation 
does  not  occur  when  it  is  defrosted. 


If  either  fresh  or  thawed  frozen  fruit  containing  both  sulfur 
dioxide  and  active  oxidizing  enzymes  is  allowed  to  stand  at  room 
temperature  for  a  short  time,  sulfur  dioxide  will  be  lost  by  oxi¬ 
dation  before  analysis  is  started.  Under  present  commercial 
packing  conditions,  frozen  sulfured  fruits  containing  active  en¬ 
zymes  are  frequently  encountered;  it  is  therefore  necessary  that 
frozen  samples  be  analyzed  for  sulfur  dioxide,  by  any  method, 
before  they  begin  to  thaw.  Furthermore,  after  sampling  it  is 
necessary  to  inactivate  the  enzymes  quickly. 

In  the  distillation  methods  this  inactivation  is  accomplished 
with  hot  acid.  In  the  proposed  method,  a  fairly  concentrated 
(20%)  sodium  chloride  solution  is  used.  On  blending  the  sample 
in  a  salt  solution  of  this  concentration  containing  tartrate  buffer 
in  addition,  no  loss  of  sulfur  dioxide  occurs  (Table  III).  The 
optimum  salt  concentration  lies  between  17  and  23%.  Below 
17%  the  enzyme  is  not  inactivated  sufficiently  rapidly  and  com¬ 
pletely;  above  23%  there  is  some  loss  of  sulfur  dioxide,  appar¬ 
ently  due  to  frothing. 

Use  of  Formaldehyde  for  Blank  Determination.  With 
sulfur  dioxide,  formaldehyde  forms  an  addition  product,  which  is 
stable  to  oxidation  by  iodine.  The  reaction  is  rather  slow,  not 
being  complete  in  less  than  about  8  minutes  when  a  relatively 
large  amount  of  sulfur  dioxide  is  present.  Increasing  the  con¬ 
centration  of  formaldehyde  does  not  appreciably  increase  the 
reaction  rate.  Iokhel’son  and  Nevstrueva  (#)  used  3  ml.  of  form¬ 
aldehyde  for  an  aliquot  containing  the  sulfur  dioxide  from  2.5 
grams  of  fruit;  they  do  not  mention  a  period  of  standing  before 
titration.  The  authors  have  found  1  ml.  of  formaldehyde  and  a 
reaction  period  of  10  minutes  sufficient  to  bind  completely  the 
6ulfur  dioxide  in  2.5  grams  of  very  highly  sulfured  fruits  (con¬ 
taining  3500  p.p.m.).  An  aliquot  containing  2.5  grams  is  usually 
taken  in  the  present  method  for  dried  fruits.  In  unsulfured 
fruits  tested  there  has  been  no  significant  difference  between 
titration  values  in  the  presence  and  absence  of  formaldehyde, 
thus  indicating  that  formaldehyde  does  not  bind  any  iodine- 
titratable  substances  other  than  sulfur  dioxide.  Experiments 
with  pure  ascorbic  acid,  probably  the  most  concentrated  natural 
reducing  substance  in  fruits,  showed  that  it  was  not  bound  at  all 
by  formaldehyde  under  the  conditions  used. 

Bennett  and  Donovan  ( 1 )  used  acetone  to  bind  the  sulfur  di¬ 


oxide  and  Prater  et  al.  (7)  used  acetone  at  pH  2  to  3.  However, 
the  addition  product  of  sulfur  dioxide  and  acetone  does  not  appear 
to  be  as  stable  to  iodine  as  the  formaldehyde  addition  product; 
the  end  point  of  the  titration  fades  rather  badly  and  is  more 
difficult  to  duplicate  than  when  formaldehyde  is  used. 

An  attempt  was  made  to  determine  reducing  substances, 
other  than  sulfur  dioxide,  with  iodine  in  an  acidified  aliquot  that 
had  been  boiled,  as  in  the  alternative  method  of  Bennett  and 
Donovan  (I).  However,  with  pure  solutions  it  was  not  found 
possible  to  remove  all  the  sulfur  dioxide  by  boiling  for  less  than 
about  20  minutes;  this  procedure  was  therefore  abandoned. 

Dissociation  of  Combined  Sulfur  Dioxide.  Jensen  (3) 
and  Bennett  and  Donovan  (1)  have  shown  that  sulfur  dioxide 
combines  very  rapidly  with  sugars,  as  with  other  aldehydes,  the 
combined  form  being  stable  to  iodine.  Thus  Bennett  and  Dono¬ 
van  found  that  when  1000  p.p.m.  of  sulfur  dioxide  were  added  to 
a  sirup  containing  39%  invert  sugar  and  4%  citric  acid,  more  than 
50%  of  the  sulfur  dioxide  was  in  the  combined  form  after  2  hours, 
iodine  titration  indicating  only  467  p.p.m.  However,  the  com¬ 
bined  form  is  easily  broken  by  the  addition  of  alkali  and  will 
even  dissociate  gradually  by  itself  if  the  equilibrium  between  free 
and  combined  sulfur  dioxide  is  shifted  by  removal  of  the  free 
compound  with  iodine  or  by  distillation.  Jensen  determined 
sulfur  dioxide  in  glucose  sirups  by  adding  20  ml.  of  5%  sodium 
hydroxide  to  50  grams  of  sirup  and  50  grams  of  water  and  letting 
the  mixture  stand  15  minutes  before  acidifying  and  titrating  with 
iodine.  Bennett  and  Donovan  allowed  the  alkali  treatment  to 
proceed  10  minutes  in  stoppered  flasks.  They  stated  that  alka¬ 
line  treatment  for  not  more  than  10  minutes  has  little  effect  on 
the  natural  reducing  substances  present.  The  authors  have 
found  that  30%  or  more  of  the  ascorbic  acid  present  may  be  lost 
during  alkaline  treatment,  although  this  loss  is  mostly  or  en¬ 
tirely  compensated  for  in  the  blank,  provided  it  receives  the  same 
alkaline  treatment. 

Two  other  factors  make  the  alkaline  treatment  cited  ( 1 ,  3) 
undesirable  for  fruits.  First,  treatment  of  10  to  15  minutes’ 
duration  has  been  found  unnecessary,  since  dissociation  of  bound 
sulfur  dioxide  is  complete  in  30  seconds  or  less.  Second,  the  use 
of  strong  alkali  has  been  found  to  cause  a  significant  loss  of  sulfur 
dioxide  in  frozen  fruit  filtrates.  However,  with  20%  sodium 
chloride  present,  the  loss  is  negligible.  In  the  absence  of  salt 
the  error  due  to  oxidation  of  sulfur  dioxide  in  a  too  strongly  alka¬ 
line  solution  is  fairly  constant  in  each  flask,  regardless  of  the  con¬ 
centration  of  sulfur  dioxide.  For  most  frozen  fruits  the  error  is 
about  50  p.p.m.  Since  experience  has  shown  that  7o  to  100 
p.p.m.  of  residual  sulfur  dioxide  are  sufficient  to  prevent  oxida¬ 
tion  in  most  fruits  upon  defrosting,  an  error  of  50  p.p.m.  in  analy¬ 
sis  cannot  be  tolerated.  Dissociation  of  combined  sulfur  dioxide 
at  a  pH  below  11  does  not  cause  appreciable  oxidation  of  sulfur 
dioxide,  in  the  short  dissociation  period  employed. 

The  effect  of  pH  on  dissociation  of  bound  sulfur  dioxide  in  a 
filtrate  from  frozen  apples  is  shown  in  Figure  1.  The  curve  was 
obtained  with  a  dissociation  period  of  30  seconds.  The  dissocia¬ 
tion  is  shown  to  be  complete  at  pH  9  and  nearly  complete  even  at 
pH  7.  Sodium  hydroxide  was  used  but  sodium  carbonate  or 
trisodium  phosphate  is  equally  effective  in  this  pH  range.  In 
strong  alkali  at  a  pH  above  11  the  sulfite  ion  is  very  easily  oxi¬ 
dized.  The  loss  of  sulfur  dioxide  occurs  in  less  than  30  seconds 
(in  the  absence  of  salt)  but  does  not  increase  much  with  time,  in¬ 
dicating  that  the  sulfite  ion  is  quickly  oxidized  by  dissolved  oxy¬ 
gen  but  that  atmospheric  oxygen  does  not  diffuse  rapidly  into 
the  solution.  The  fact  that  dissolved  molecular  oxygen  is  re¬ 
sponsible  for  the  oxidation  is  further  shown  by  the  following  ex¬ 
periments  : 

In  the  first  experiment  a  filtrate  of  frozen  sulfured  apples  was 
analyzed  with  alkaline  treatment  at  pH  9.5;  the  sulfur  dioxide 
content  was  330  p.p.m.  Then  the  same  filtrate  was  analyzed 
with  alkaline  treatment  at  pH  11.7,  before  and  after  removal  of 
most  of  the  oxygen  by  evacuation  and  flushing  with  nitrogen, 
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The  undeaerated  sample  contained  281  p.p.m.,  while  the  de¬ 
aerated  sample  contained  319  p.p.m. 

In  the  second  experiment  a  filtrate  of  blanched  frozen  apples 
containing  added  sulfur  dioxide  was  analyzed  before  and  after 
oxygenation  for  30  seconds.  With  alkaline  treatment  at  pH  11.7 
the  sulfur  dioxide  content  was  424  p.p.m.  before  and  240  p.p.m. 
after  oxygenation.  With  alkaline  treatment  at  pH  10.7,  the 
analysis  was  413  p.p.m.  after  oxygenation. 

In  blanched  fruit  the  oxygen  content  of  the  tissue  is  very  low, 
causing  little  loss  of  sulfur  dioxide  even  in  strong  alkali,  when  no 
oxygen  is  added.  Evidently  unblanched  sulfured  fruit  (Experi¬ 
ment  1)  contains  a  considerable  amount  of  oxygen  that  remains 
in  the  filtrate. 

The  action  of  salt  in  preventing  oxidation  of  sulfur  dioxide  is 
twofold:  Blending  frozen  fruit  in  a  20%  salt  solution  prevents 
enzymic  oxidation  when  active  enzymes  are  present ;  it  also  pre¬ 
vents  or  greatly  decreases  autoxidation  when  a  strong  alkaline 
treatment  is  used  to  liberate  bound  sulfur  dioxide.  The  data 
above  show  that  at  pH  10.7  the  sulfur  dioxide  is  stable  in  the  ab¬ 
sence  of  salt,  even  when  the  solution  is  oxygenated;  apparently 
the  critical  pH  value,  above  which  autoxidation  of  sulfur  dioxide 
is  greatly  accelerated,  is  above  11.  For  this  reason  it  may  be  de¬ 
sirable  to  liberate  bound  sulfur  dioxide  from  frozen  fruit  at  a  pH 
below  11,  although  this  is  not  essential  in  the  presence  of  salt. 
In  order  to  avoid  the  necessity  of  making  pH  measurements,  salt 
is  used  in  the  extracting  solution  for  all  fresh  or  frozen  fruits, 
thus  permitting  the  use  of  a  constant  amount  of  alkali. 

In  dried  fruit  the  oxygen  content  appears  to  be  insignificantly 
low  and  the  use  of  strong  alkali  does  not  cause  an  appreciable  loss 
of  sulfur  dioxide  even  in  the  absence  of  salt. 

COMPARISON  OF  DIRECT  TITRATION  METHOD  WITH  OTHER  METHODS 

The  two  methods  most  commonly  used  for  sulfur  dioxide  de¬ 
termination  in  food  products  are  those  of  Nichols  and  Reed  ( 6 ) 
and  Monier-Williams  (5),  the  latter  being  the  official  A.O.A.C. 
method.  The  Nichols  and  Reed  method  is  extensively  used  on 
fruit  products  but  as  it  is  commonly  used,  no  blank  on  unsulfured 
fruit  is  subtracted  from  the  value  obtained  on  the  sulfured  fruit, 
because  unsulfured  fruit  of  the  same  kind  is  usually  unavailable. 
Nevertheless,  this  method  gives  a  blank  value  that  varies  for  dif¬ 
ferent  fruits  and  is  often  high.  Blank  values  of  over  200  p.p.m. 
of  sulfur  dioxide  have  been  obtained  with  unsulfured  dried  apri¬ 
cots,  and  27  to  74  (average  53)  p.p.m.  with  frozen  blanched  apples. 
When  an  average  blank  correction  of  53  p.p.m.  was  made,  a  fairly 
good  agreement  between  this  method  and  the  new  direct-titration 
method  was  obtained  when  applied  to  frozen  apples  of  varying 
sulfur  dioxide  contents.  The  direct-titration  method  does  not' 
give  a  blank  value  on  unsulfured  fruit,  either  frozen  or  dried. 

The  Monier-Williams  volumetric  method  was  found  to  give 
negligible  blank  values  when  untreated  frozen  fruits  were  dis¬ 
tilled,  but  blank  values  of  60  to  200  p.p.m.  of  sulfur  dioxide  have 
been  obtained  with  unsulfured  dried  apricots.  Prater  et  al.  (7) 
also  obtained  considerable  blank  values  with  various  unsulfured 
dehydrated  vegetables.  Because  of  the  insignificant  blank  value 
obtained  by  the  Monier-Williams  volumetric  method  on  untreated 
frozen  fruit,  this  method  was  considered  much  more  reliable  as 
a  check  than  the  Nichols  and  Reed  method.  However  the  blank 
value  obtained  by  the  Monier-Williams  volumetric  method  on 
untreated  dried  apricots  and  the  lack  of  agreement  between  the 
volumetric  and  gravimetric  procedures  aroused  suspicion  as  to 
the  accuracy  of  the  volumetric  method  when  applied  to  dried 
fruit.  Therefore  the  gravimetric  Monier-Williams  method  was 
used  as  a  standard  for  dried  fruits,  since  by  this  method  a  negli¬ 
gible  blank  value  was  obtained. 

In  some  cases  the  Monier-Williams  method  was  modified  for 
an  added  check  on  the  titration  method.  This  modification  con¬ 
sisted  in  replacing  the  hydrogen  peroxide  solution  in  the  receiver 
with  100  ml.  of  0.1  M  tartrate  buffer  (pH  4.5)  and  titrating  the 
sulfur  dioxide  with  0.1  N  iodine  solution.  Tartrate  buffer  had 


previously  been  found  to  stabilize  sulfur  dioxide,  and  recovery 
data  on  pure  solutions  containing  100  p.p.m.  of  sulfur  dioxide 
indicated  99  to  100%  recovery.  However,  when  this  procedure 
was  applied  to  fruit,  it  was  found  necessary  to  treat  the  buffered 
distillate  with  alkali  to  dissociate  bisulfite  presumably  bound  by 
aldehydes  which  distilled  over  from  the  fruit.  The  best  procedure 
found  was  to  acidify  the  buffer  solution  strongly  with  hydro¬ 
chloric  acid,  titrate  the  free  sulfur  dioxide,  make  the  solution 
alkaline  to  phenolphthalein,  reacidify,  and  titrate  the  liberated 
sulfur  dioxide.  This  procedure  was  repeated  once  more  or  until 
there  was  only  approximately  0.05-ml.  increase  in  titration. 

The  main  advantage  of  this  procedure  is  that  the  products  of 
distillation  which  are  swept  over  with  carbon  dioxide  are  not  in 
contact  with  a  strong  oxidizing  agent  for  a  long  period  of  time  as 
in  the  Monier-Williams  methods.  In  the  volumetric  Monier- 
Williams  method  lower  aldehydes  may  be  oxidized  to  acids  by 
the  peroxide  in  the  receiver  and  titrated  as  sulfur  dioxide.  Samples 
of  fruit  filtrates  containing  20%  sodium  chloride  could  not  be 
analyzed  by  this  method,  because  hydrochloric  acid  distilled 
over  and  gave  a  blank  value  of  up  to  100  p.p.m.  of  sulfur  dioxide. 
It  is  not  impossible  with  such  a  drastic  treatment  as  hydrochloric 
acid  distillation  that  in  some  cases  volatile  sulfhydryl  compounds 
could  be  distilled  over  and  oxidized  to  sulfate,  especially  when  the 
acid  solution  is  heated  to  boiling  for  barium  sulfate  precipitation. 
Experiment  has  shown  that  hydrogen  peroxide  is  actually  capable 
of  oxidizing  hydrogen  sulfide  to  sulfate.  Because  of  these  pos¬ 
sible  errors  in  the  Monier-Williams  methods,  it  was  thought  ad¬ 
visable  to  compare  the  new  method  with  the  modified  distillation 
method  as  well  as  with  the  volumetric  and  gravimetric  variations 
of  the  Monier-Williams  method.  Some  results  of  these  com¬ 
parative  analyses  are  presented  in  Tables  IV,  V,  and  VI.  The 


Table  IV.  Comparative  Determinations  of  Sulfur  Dioxide  in  Frozen 

Fruits 


Method  of  Analysis 


Direct 

Monier-Williams 

Monier-Williams  Distillation 

Fruit 

titration 

volumetric0 

Parts  per 

gravimetric 

million 

into  buffer 

Cherries 

214 

220 

224 

317 

322 

Apricots 

iii 

138 

i20 

290 

292 

296 

169,  196 

160,  161 

Apples 

459 

454 

460 

176 

180 

182 

210,  183 

• 

187,  186 

“  Monier-Williams  Volumetric  method  could  not  be  used  on  samples 
blended  with  salt,  because  of  high  blank  values  on  pure  salt  solution. 


Table  V.  Comparative  Determinations  of  Sulfur  Dioxide  in  Dried 
.  Fruits 

Method  of  Analysis _ 

Monier-  Monier- 


Direct 

Williams 

Williams 

Distillation 

Fruit 

titration 

volumetric 

gravimetric 

into  buffer 

Parts  per  million 

Apricots  9 

3200 

2920 

2530 

2770 

2590 

2130 

2430 

2400 

2240 

2360 

2510 

2365 

2450 

2000 

2280 

2245 

2220 

1900 

2260 

2270 

1900 

2190 

2290 

1780 

2020 

1740 

1735 

1980 

1885 

2060 

2240 

2200 

Peaches 

1450 

1240 

1430 

1440 

1025 

1114 

1015 

1030 

990 

1120 

1100 

1100 

1010 

1335 

1310 

Apples 

542 

547 

765 

579 

454 

645 

563 

518 

594 

718 

640 

607 

487 

533 

540 

523 

405 

569 

490 

.  . 

375 

535 

446 
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Table  VI.  Precision  of  Direct  Titration  and  Monier-Williams 
Methods  for  Determining  Sulfur  Dioxide  in  Dried  Fruits 


Direct 

Replicate  Samples 

titration 

Apricots 

1935 

No.  1 

No.  2 

1940 

No.  3 

1950 

No.  4 

Standard  deviation 

1935 

(precision) 

7 

Apples 

394 

No.  1 

No.  2 

394 

No.  3 

378 

No.  4 

386 

U.  T 

Standard  deviation 

(precision)  8 


Method  of  Analysis 


Monier-Williams 

Monier-Williams 

volumetric 

gravimetric 

Parts  per  million 

2320 

2290 

2220 

2205 

2280 

2270 

2270 

2245 

44 

37 

610 

531 

613 

480 

617 

510 

4 

26 

data  were  obtained  for  all  methods  on  the  same  blended  filtrate 
to  ensure  uniform  sampling. 

The  data  for  frozen  fruit  in  Table  IV  show  that  very  close  agree¬ 
ment  can  be  obtained  among  the  different  methods,  the  direct 
titration  method  agreeing  even  more  closely  with  the  Monier- 
Williams  gravimetric  method  than  does  the  Monier-Williams 
volumetric  method. 

The  comparative  data  for  dried  fruit  in  Tables  V  and  VI,  on 
the  other  hand,  indicate  the  great  difficulty  in  obtaining  results 
of  indisputable  accuracy  by  any  of  the  methods.  With  the 
Monier-Williams  gravimetric  method  as  a  standard,  the  direct 
titration  method  usually  gave  lower  results,  while  the  Monier- 
Williams  volumetric  method  often  gave  high  results.  However, 
when  the  blank  value  obtained  on  unsulfured  fruit  was  sub¬ 
tracted,  the  latter  also  gave  low  results.  It  would  appear  that 
the  drastic  treatment  given  the  fruit  in  distilling  it  for  1.5  hours 
from  hydrochloric  acid  solution  dissociates  a  small  fraction  of  sul¬ 
fur  dioxide  which  is  too  tightly  bound  to  be  dissociated  by  alkali 


in  the  direct  titration  method.  However,  it  is  questionable 
whether  this  fraction  is  effective  as  a  preservative  when  it  is  too 
tightly  bound  to  be  liberated  by  alkali.  The  fact  that  the  direct 
titration  method  gave  very  consistent  results  on  uniform  samples 
of  dried  fruit  (Table  VI)  and  that  the  results  were  independent  of 
time  of  alkaline  treatment  or  pH  (above  a  pH  of  about  10.5)  in¬ 
dicates  that  there  is  a  sharp  dividing  line  between  the  fraction  of 
sulfur  dioxide  dissociable  by  alkali  and  that  dissociable  only  on 
prolonged  boiling  in  acid.  In  view  of  the  high  reproducibility 
with  which  the  direct  titration  method  measures  the  alkali-dis¬ 
sociable  fraction,  and  the  short  time  required  for  the  determina¬ 
tion,  the  authors  believe  the  method  should  be  useful  even  though 
it  might  yield  somewhat  lower  results  than  the  Monier-Williams 
method.  The  direct  titration  method  seems  to  be  more  trust¬ 
worthy  than  the  Monier-Williams  volumetric  method,  in  view 
of  the  widely  varying  results  yielded  by  the  latter  method  on  uni¬ 
form  samples. 

The  recovery  of  sulfur  dioxide  added  to  frozen  fruit,  whether 
blanched,  sulfured,  or  untreated,  is  shown  in  Table  III  to  be  ac¬ 
curate  by  the  direct  titration  method.  No  recovery  experiments 
were  performed  with  dried  fruits,  as  it  was  felt  the  results  would 
lack  significance,  because  of  lack  of  time  for  combination  of  sulfur 
dioxide  as  in  usual  storage  conditions. 
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Polarographic  Determination  of  Nickel 
in  Steel  and  Nickel  Ore 

PHILIP  W.  WEST  and  JAMES  F.  DEAN1 
Coates  Chemical  Laboratories,  Louisiana  State  University,  Baton  Rouge,  La. 


A  rapid,  accurate  method  for  determining  nickel  in  steel  and  nickel 
ore  has  been  developed.  The  method  is  based  on  the  use  of  the 
polarograph  with  sodium  fluoride  serving  as  the  supporting  elec¬ 
trolyte.  When  nickel  is  present  in  quantities  ranging  between  1 
and  5%,  accuracies  of  approximately  ^%  can  be  expected.  The 

method  compares  favorably  with  spectrographic  techniques. 

% 

THE  analysis  of  steels  and  nickel  ores  for  nickel  content  is 
ordinarily  accomplished  by  application  of  the  dimethylgly- 
oxime  reaction.  Either  gravimetric  or  colorimetric  procedures 
may  be  used,  depending  on  the  accuracy  required  and  the  time 
available.  Spectrographic  methods  are  often  used,  particularly 
in  the  analysis  of  steels.  The  purpose  of  this  paper  is  to  present 
a  method  of  analysis  based  on  the  use  of  the  polarograph.  The 
method  is  rapid  and  the  accuracy  compares  favorably  with  the 
more  lengthy  gravimetric  procedures.  The  cost  of  equipment  is 
much  less  than  that  required  for  spectrographic  analyses  and  the 
accuracy  is  greater. 

1  Present  address,  Esso  Laboratories,  Standard  Oil  Company  of  New 
Jersey  (Louisiana  Division),  Baton  Rouge,  La. 


There  are  approximately  thirty  ions  which  are  reduced  at  the 
dropping  mercury  electrode  when  sodium  fluoride  is  used  as  a 
supporting  electrolyte.  A  later  paper  will  give  more  detailed  dis¬ 
cussions  of  the  general  behavior  of  various  ions  in  this  support¬ 
ing  medium.  The  present  paper  is  restricted  to  information 
dealing  specifically  with  the  determination  of  nickel  in  materials 
of  high  iron  content  such  as  steel  and  nickel  ore.  Sodium  fluoride 
is  especially  useful  in  this  case  because  it  serves  to  remove  large 
amounts  of  iron  in  the  form  of  a  crystalline  precipitate  which 
separates  from  acid  as  well  as  alkaline  solutions.  The  danger 
of  coprecipitation  in  acid  medium  is  slight.  Small  amounts  of 
iron  are  sequestered  by  sodium  fluoride  as  the  fluoride  complex, 
which  is  so  stable  that  the  reduction  potential  of  the  iron  is 
shifted  to  such  a  negative  value  that  it  does  not  give  a  wave 
within  the  limits  of  the  discharge  potential  of  the  sodium  or  hy¬ 
drogen  ions  present  in  the  supporting  electrolyte.  This  is  con¬ 
trary  to  the  behavior  described  by  Kolthoff  and  Lingane  ( 1 ,  page 
277)  who  give  a  value  of  —1.36  volts  vs.  the  saturated  calomel 
electrode  for  the  half-wave  potential  of  ferric  iron  in  0.04  to 
0.8  M  potassium  fluoride,  this  value  being  attributed  to  Stackel- 
berg  and  Freyhold. 
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Figure  1.  Nitrogen  Purification  Train 


Figure  2.  Separation  of  Nickel 
and  Cobalt  Waves 


(a)  0.001500  M  Ni(N03)2;  (b) 
0.001 500  M  Ni(NO.)j  +  0.006  M 
Fe(NOs)i.  Both  carves  run  at  pH  4.6 
and  galvanometer  sensitivity  of  50 


APPARATUS 


(a)  0.001500  M  Ni(NOs).,  (6) 
0.001 500  M  NI(NOs)j  +  0.000449 
M  Co(NOi)i.  Both  curves  run  at 
pH  5.2  using  sensitivity  of  50 


An  American  Model  XI, 
Heyrovsk^  polarograph, 
manufactured  by  E.  H. 
Sargent  and  Company, 
Chicago,  was  used  for  record¬ 
ing  the  polarograms.  Stand¬ 
ard  electrolysis  cells  (10-ml. 
capacity)  supplied  by  the  manufacturer  were  used,  a  quiet  mer¬ 
cury  pool  serving  as  the  anode  except  when  a  microcalomel  ref¬ 
erence  electrode  was  used  to  measure  half-wave  potentials  as  de¬ 
scribed  by  West  and  Amis  (3).  Solutions  to  be  polarographed 
were  purged  of  dissolved  oxygen  by  bubbling  through  them  oxy¬ 
gen-free  nitrogen,  obtained  by  passing  tank  nitrogen  through 
Fieser’s  solution  using  a  purification  train  as  shown  in  Figure  1. 
A  Beckman  Laboratory  Model  10  pH  meter  was  used  for  deter¬ 
mining  pH  values.  Diffusion  currents  were  measured  at  30°  C. 
utilizing  a  constant-temperature  bath  capable  of  maintaining  the 
temperature  within  ±0.01°  C.  Constant  pressure  on  the  drop¬ 
ping  mercury  electrode  was  obtained  using  the  arrangement 
suggested  by  Lingane  and  Laitinen  (2). 

SOLUTIONS 

Fieser’s  Solution.  Dissolve  20  grams  of  potassium  hy¬ 
droxide  in  100  ml.  of  water,  then  add  2  grams  of  sodium  anthra- 
qui none- (3-sulfonate  and  15  grams  of  sodium  hydrosulfate  (Na2- 

Gelatin,  0.2%  (make  up  fresh  each  day). 

Lead  Acetate,  0.1%. 

Nickel  Nitrate,  0.015  molar.  The  solution  should  be  stand¬ 
ardized  by  electrodeposition  or  by  precipitation  of  the  nickel  with 
dimethylglyoxime.  The  solution  used  in  this  investigation  had  a 
nickel  titer  of  0.0008800  gram  (0.01500  molar),  the  value  being 
established  by  both  methods. 

Sodium  Fluoride,  1.0  molar. 

ANALYTICAL  PROCEDURE 

Analysis  of  Steel.  Weigh  accurately  samples  of  about  1.0 
gram,  add  50  ml.  of  hydrochloric  acid  (1  to  1),  and  warm  until 


the  steel  dissolves.  Add  5  ml.  of  concentrated 
nitric  acid  and  boil  until  the  oxides  of  nitrogen 
are  dispelled.  Evaporate  until  most  of  the  free 
acid  has  been  removed,  then  pour  into  a  50-ml. 
volumetric  flask  and  make  up  to  volume  with  dis¬ 
tilled  water.  After  the  solution  of  the  sample  has 
been  thoroughly  mixed  pipet  a  5-ml.  aliquot  of  it 
into  a  second  50-ml.  volumetric  flask,  add  25  ml. 
of  sodium  fluoride  (the  pH  of  this  mixture  should 
then  be  4.5  or  slightly  above),  add  1  ml.  of  gelatin, 
make  up  to  volume,  and  mix.  Filter  through 
medium-texture  filter  paper,  discard  the  first  10  ml., 
and  electrolyze  a  suitable  quantity  of  the  filtrate 
at  the  dropping  mercury  electrode.  Evaluation 
of  the  nickel  wave  can  be  made  from  a  standard 
curve  of  step  height  vs.  concentration  or  a  known 
weight  of  standard  nickel  can  be  added  to  a  second 
aliquot  of  the  sample  and  the  above  procedure  re¬ 
peated,  the  nickel  concentration  being  calculated 
from  the  measured  increase  in  step  height  result¬ 
ing  from  the  known  weight  of  added  nickel. 

Analysis  of  Nickel  Ore.  Samples  of  ore  weighing  approxi¬ 
mately  0.5  gram  should  be  used.  Add  25  ml.  of  hydrochloric 
acid  (1  to  1)  and  digest  for  20  minutes.  Evaporate  to  remove 
excess  acid,  extract  with  hot  water,  and  filter  off  any  silica. 
Make  up  to  volume  in  a  50-ml.  volumetric  flask.  After  thor¬ 
oughly  mixing  the  sample,  pipet  a  10-ml.  aliquot  of  it  into  a  50- 
ml.  volumetric  flask,  add  25  ml.  of  sodium  fluoride  and  0.5  ml. 
of  gelatin,  make  up  to  volume  with  distilled  water,  and  mix. 
Filter  through  medium-texture  filter  paper,  discarding  the  first 
10  ml.,  and  electrolyze  a  suitable  volume  of  the  filtrate  polaro- 
graphically.  Ores  that  are  difficult  to  get  into  solution  by  the 
above  procedure  can  be  dissolved  by  attack  with  potassium  per¬ 
chlorate  and  nitric  acid  or  by  fusion  with  potassium  bisulfate, 

RESULTS 

Sodium  fluoride  buffers  acid  solutions  to  give  a  pH  of  5  =*=  1. 
This  provides  a  sufficiently  narrow  pH  range  for  adequate  con¬ 
trol  for  most  analyses.  Of  special  interest  is  the  fact  that  iron 
is  reduced  only  at  very  negative  potentials  and  so  does  not  inter¬ 
fere.  Cobalt  forms  sufficiently  stable  complexes  to  cause  a  shift 
in  its  half-wave  to  such  negative  potentials  that  it  does  not  in¬ 
terfere  with  the  nickel  wave  unless  present  in  disproportionate 
amounts.  Figure  2  shows  a  polarogram  of  a  mixture  of  nickel 
and  cobalt. 

Figure  3  shows  a  polarogram  of  nickelous  ion  in  sodium  fluoride 
and  a  polarogram  of  a  mixture  of  nickelous  ion  and  ferric  iron. 
Large  quantities  of  iron  cause  the  formation  of  a  precipitate  which 
must  be  removed  by  filtration  or  decantation.  The  fact  that 
nickel  was  not  lost  through  coprecipitation  with  iron  fluoride  is 
indicated  by  Figure  3  as  well  as  Table  I.  It  is  important  to  note, 
however,  that  if  filtration  is  used  the  first  fraction  of  the  filtrate 
should  be  discarded  and  a  subsequent  portion  used,  since  there 
seems  to  be  a  tendency  for  nickel  ions  to  adsorb  on  filter  paper. 
Variation  in  pH  does  not  affect  the  half-wave  potential  but  a  de- 


Figure  4.  Effect  of  pH  on 
Nickel  Wave 


(a)  pH  =  4.9,  (6)  H 
c)  pH  -  6.2,  ( d )  pH 


5.5, 

6.7 


(a)  0.001500  M  Ni(NOs)j  + 
0.02%  fresh  gelatin;  (6)  0.001500 
Af  N|(NOj)>  +  0.02%  spoiled 
gelatin.  Both  polarograms  recorded 
at  sensitivity  of  50.  pH  4.7 
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Table  1. 

Analysis  of  Nickel  Ore  and  Nickel  Steel 

Sample 

Nickel  Present 

Nickel  Found 

Error 

% 

% 

% 

Nickel  ore  196 

3.54 

3.53 

3.41 

3.47 

3.47° 

Av.  3.47 

2.0 

Nickel  ore  192 

1.54 

1.58 

2.6 

Nickel  ore  194 

2.84 

2.85 

2.94 

2.77i> 

2.76 

2.81 

2.81 

2.80 

2.86 

Av.  2.83 

0.4 

Steel  32B 

1.21 

1.14 

1.34 

Av.  1.24 

2.5 

Steel  33A 

3.24 

3.07 

3.28 

3.31 

3.23 

Av.  3.22 

0.6 

a  Cobalt  added  to  extent  of  5%  of  original  sample. 
b  Cobalt  added  to  extent  of  3%  of  original  sample. 


Figure  6.  Polarogram  of  Steel 

fa)  B.S.  steel  33A,  (6)  B.S.  steel  33A  4  added  nickel.  pH  -  4.7. 
Sensitivity  -  50 


crease  in  pH  does  cause  a  decrease  in  step  height,  as  shown  in 
Figure  4.  Unless  the  standard  additions  method  is  used,  the 
acidity  should  be  maintained  to  within  =*=0.2  of  the  pH  used  for 
standardization. 

Emphasis  is  directed  toward  the  importance  of  using  fresh  gela- 
tin  for  suppressing  maxima  in  the  polarographic  determination  of 
nickel.  The  effect  of  using  spoiled  gelatin  is  shown  in  Figure  5. 
The  masking  effect  is  undoubtedly  due  to  the  presence  of  some 
decomposition  product  resulting  from  bacteriological  activity. 
It  is  possible  that  this  effect  would  not  be  produced  where  there 
is  a  difference  in  the  bacteria  involved.  However,  three  experi¬ 
ments,  run  at  different  times  and  with  different  materials  in  these 
laboratories,  all  gave  approximately  the  same  effect. 

The  effectiveness  of  the  proposed  method  of  analysis  is  attested 
by  the  results  obtained  on  actual  samples  (Figures  6  and  7). 


The  nickel  ore  analyzed  was 
Company,  Inc.,  Detroit,  Mich. 


obtained  from  Thorne  Smith 
These  samples  were  apparently 


Figure  7.  Polarogram  of  Nickel  Ore 

(a)  Nickel  ore  194,  (6)  nickel  ore  194  4  added  nickel.  pH  -  4.8. 
Sensitivity  -  50 


Table  II.  Diffusion 

Height  of  mercury  column,  h 
Temperature,  T 
Drop  time,  t 
Mass  of  mercury,  m 
Concentration  of  nickel,  C 
Diffusion  current,  id 
Diffusion  current  constant,  I 
(calculated) 


Current  Characteristics 

34. 2  cm. 

25°  ±  0.2°  C. 

4,  75  seconds  per  drop 
1 . 623  mg.  per  sec. 

3 . 00  millimolar 
12.32  microamperes 
2.29  microamperes  per 
micromole 


nickeliferous  pyrrhotite  and  contained  in  addition  to  nickel,  largt 
amounts  of  iron,  silica,  and  sulfide,  and  small  amounts  of  copper 
Cadmium  was  present  in  some  of  the  samples.  The  steel  samples 
obtained  from  the  National  Bureau  of  Standards,  contained,  ii 
addition  to  the  iron  and  nickel,  traces  of  chromium  carbon 
silicon,  phosphorus,  manganese,  copper,  arsenic,  molybdenum 
vanadium,  and  sulfur.  Sample  33A  contained  a  trace  of  cobalt 
All  analyses  were  run  on  the  prepared  samples  without  separa 
tions  except  for  the  inherent  removal  of  iron.  The  reportec 
nickel  contents  of  the  samples  were  those  supplied  with  tin 
samples. 

Table  I  shows  the  analytical  results  obtained  by  the  method 
discussed  above.  The  essential  data  for  the  compaiison  of  dif 
fusion  current  values  are  given  in  Table  II.  Diffusion  current 
were  measured  after  correcting  for  the  residual  current.  Calcu 
lation  of  the  diffusion  current  constant  was  made  using  the  ex 
pression 

/  =  _ Ii - 

Cm2'3 11  /6 

where  I  is  the  diffusion  current  constant,  id  the  current  iu  micro 
amperes,  C  the  concentration  of  nickel  in  millimoles  per  litei 
tn  the  mass  of  mercury  dropping  per  second,  and  t  the  averag 
drop  time  of  the  mercury  in  seconds. 
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Chromatographic  Estimation  of  Vitamin  A  in  Mixed  Feeds 

MAXWELL  L.  COOLEY,  JAMES  B.  CHRISTIANSEN,  and  CARL  H.  SCHROEDER 
General  Mills,  Inc.,  Larro  Research  Farm,  Detroit,  Mich. 


A  chromatographic  procedure,  using  high  purity  sodium  carbonate 
adsorbent,  facilitates  the  simultaneous  separation  of  vitamin  A  and 
carotene  from  most  common  noncarotene  pigments  and  other  sub¬ 
stances  occurring  in  livestock  feeds  which  interfere  with  the  antimony 
trichloride  determination  of  vitamin  A.  Certain  limitations  are  indi¬ 
cated.  Neither  vitamin  A  nor  carotene  is  retained  appreciably  by 
the  adsorbent.  When  the  sample  contains  an  unknown  source  of 
vitamin  A,  saponification  may  be  necessary,  since  the  reduced  ac¬ 
tivity  of  cod  liver  oil  toward  the  antimony  trichloride  reaction  is  not 
changed  by  the  chromatogram.  A  combination  of  saponification 
with  the  chromatographic  procedure  may  result  in  a  loss  of  as  much 
as  9%  of  the  original  vitamin  A,  but  recoveries  are  good  when 
saponification  is  omitted.  A  number  of  unsaponified  fish  oils,  of 
the  type  commonly  used  in  commercial  feeds,  have  the  same  activity 
as  following  saponification. 

THE  uncertainties  associated  with  the  determination  of  vita¬ 
min  A  in  mixtures  of  natural  feed  ingredients  have  been  well 
recognized. 

Baird,  Ringrose,  and  MacMillan  (2)  observed  in  connection 
with  the  early  work  of  Fraps  and  Kemmerer  (8)  that  much  ma¬ 
terial  was  present  in  feed  ingredients  which  absorbed  light  at  a 
wave  length  of  328  millimicrons.  An  appreciable  error  was  intro¬ 
duced  thereby,  even  though  the  same  mixture  without  added  vi¬ 
tamin  A  was  used  in  a  blank  determination.  Oser  et  al.  (7),  using 
the  Carr-Price  reaction  with  antimony  trichloride,  described  a 
procedure  for  determining  vitamin  A  in  mixed  feeds,  and  discussed 
its  difficulties.  Advantage  was  taken  of  the  fact  that  the  blue 
color  formed  by  the  antimony  trichloride  reaction  with  vitamin 
A  faded  rapidly,  while  the  color  from  interfering  substances  faded 
slowly.  Consequently,  the  color  from  the  reaction  remaining 
after  2  hours  was  considered  to  represent  carotene  and  compounds 
behaving  like  carotene.  The  reading  for  vitamin  A  was  then  cor¬ 
rected  for  the  amount  of  carotene  represented  by  this  color. 

Koehn  and  Sherman  ( 5 )  proposed  a  method  whereby  the 
amount  of  interference  is  calculated  from  the  carotene  content  of 
the  sample.  However,  biologic  material  may  contain  compounds 
other  than  carotene  which  are  also  a  cause  of  interference  (7). 
Little  (6)  has  reported  on  the  value  of  destructive  irradiation  as 
an  aid  in  determining  vitamin  A  in  fish  oil,  liver,  and  muscle  tis¬ 
sue. 


PRELIMINARY  INVESTIGATIONS 

For  several  years  the  authors  have  used  a  method  designed  in 
cooperation  with  N.  D.  Embree  and  K.  C.  D.  Hickman  of  Distil¬ 
lation  Products,  Inc.,  chiefly  for  studies  of  vitamin  A  stability  in 
mixed  feeds.  In  this  method  the  fat  is  extracted  from  the  feed 
in  a  Soxhlet  extractor,  and  the  extracted  fat  is  treated  in  accord¬ 
ance  with  the  method  of  Koehn  and  Sherman  (5)  for  the  deter¬ 
mination  of  vitamin  A  in  fish  oil. 

The  above  method  required  the  simultaneous  preparation  of 
two  mixtures,  one  a  blank  sample.  Apparent  vitamin  A  was  de¬ 
termined  in  both  samples  and  the  amount  of  true  vitamin  A  was 
determined  by  difference.  The  necessity  for  preparing  the  feed 
without  added  vitamin  A  (as  a  blank),  and  the  degree  of  inac¬ 
curacy  introduced  by  interfering  compounds,  decidedly  limited 
its  value.  Consequently,  investigation  was  initiated  to  find  suit¬ 
able  adsorbents  for  a  chromatographic  procedure. 

Unsaponifiable  interfering  substances  present  in  mixed  feeds 
constitute  a  considerable  source  of  error  unless  they  are  removed. 
In  the  authors’  experience  they  alone  may  be  responsible  for  an 
antimony  trichloride  reaction  product  ranging  from  980  to  4500 
units  of  spurious  vitamin  A  per  pound  of  feed.  This  may  equal 
amounts  of  the  true  vitamin  often  present  in  a  feed  mixture. 
Furthermore,  the  amount  of  blue  color  developed  from  the  un¬ 
saponifiable  fraction  of  mixed  feeds  is  not  constant  over  a  period 


of  time,  nor  is  the  rate  of  change  always  the  same  as  for  carotene, 
as  is  shown  in  Table  I.  The  figures  in  Table  I  are  index  numbers, 
where  the  per  cent  transmittance  at  5  seconds  is  arbitrarily  as¬ 
signed  the  value  100. 

It  seemed  at  the  outset  that  a  chromatographic  procedure 
would  be  desirable  whereby  vitamin  A  could  be  separated  from 
the  undetermined  chromogenic  interfering  substances.  The  use 
of  sodium  carbonate  as  the  adsorbent  in  the  determination  of  caro¬ 
tene  has  been  reported  (4).  This  adsorbent  permits  the  carotenes 
to  pass  through  the  column  virtually  unadsorbed,  while  retaining 
the  xanthophylls. 

The  efficiency  of  a  number  of  adsorbents  was  examined  for  the 
chromatographic  determination  of  vitamin  A.  Most  of  these 
either  caused  the  destruction  of  the  vitamin  or  adsorbed  it  so 
strongly  that  100%  elution  was  impossible  to  attain. 

Sodium  carbonate  was  found  to  be  a  satisfactory  and  inexpen¬ 
sive  adsorbent.  (“Normal”  sodium  carbonate  may  be  obtained 
in  small  quantities  or  by  the  barrel  from  Frank  W.  Kerr  Co.,  422 
West  Congress  St.,  Detroit,  Mich.,  or  in  barrel  lots  from  the 
Wyandotte  Chemicals  Corporation,  Wyandotte,  Mich.)  It  ad¬ 
sorbed  the  unknown  interfering  chromogenic  substances  while 
passing  the  vitamin  A  readily.  It  offered  the  additional  advan¬ 
tage  that  neither  vitamin  A  nor  carotene  was  adsorbed,  so  that 
both  vitamin  A  and  carotene  could  be  determined  in  the  same 
solution  after  passage  through  the  chromatogram.  Samples  of 
sodium  carbonate  from  some  other  sources  did  not  retain  well  the 
noncarotene  pigments.  A  spectral  transmission  curve  prepared 
from  an  extract  of  feed  passed  through  the  sodium  carbonate 
column  was  indistinguishable  from  that  of  SMA  /3-carotene.  The 
transmission,  at  620  millimicrons,  of  the  antimony  trichloride 
reaction  product  with  the  eluate  determined  at  5  seconds  was  in 
good  agreement  with  the  expected  value  on  the  basis  of  the  caro¬ 
tene  content  of  the  eluate. 


Table  I.  Effect  of  Time  on  Intensity  of  Antimony  Trichloride  Color 


Feed 


Percentage  of  Original  Transmittance  Remaining  at: 
5  seconds  15  minutes  30  minutes  120  minutes 


A  100 

B  100 

Carotene0  100 


92 

89 

80 

118 

no 

102 

101 

104 

105 

°  SMA  /3-carotene. 


APPARATUS  AND  PROCEDURE 

Reagents.  Petroleum  ether,  boiling  point  60°  to  71°  C. 
(Skellysolve  B). 

Sodium  carbonate,  normal  carbonate  (ground  to  pass  40- 
mesh  screen  and  stored  to  prevent  moisture  absorption) . 

Johns-Manville  Hyflo  Super  Cel.  Anhydrous  sodium  sulfate. 
Chloroform.  30%  solution  of  antimony  trichloride  in  chloroform. 

Preparation  of  Column.  The  chromatographic  column  is 
3.8  cm.  in  diameter  and  25  cm.  long.  A  small  plug  of  cotton  is 
placed  at  the  bottom,  and  the  sodium  carbonate  is  packed  tightly 
into  the  tube  to  a  depth  of  about  18  cm.  This  is  attached  by 
means  of  a  rubber  stopper  to  a  side-arm  flask  which  is  connected 
to  a  suction  pump. 

Procedure.  Twenty  grams  of  the  feed  are  weighed  into  a 
Waring  Blendor  jar ;  5  to  10  grams  of  Hyflo  Super  Cel  and  100  ml. 
of  petroleum  ether  are  added.  The  mixture  is  stirred  at  low  speed 
for  5  minutes,  after  which  the  content  of  the  Blendor  jar  is 
poured  onto  the  column,  and  suction  is  applied  to  the  column. 
The  Blendor  jar  is  rinsed  with  petroleum  ether.  This  and  addi¬ 
tional  petroleum  ether  are  passed  through  the  column,  at  least  100 
to  150  ml.  of  the  solvent  being  used  for  rinsing  and  elution.  If  a 
distinct  xanthophyll  band  is  observed  to  pass  through  the  column, 
the  eluate  should  be  subjected  to  a  second  adsorption  treatment. 

The  carotene  and  vitamin  A  are  contained  in  the  eluate,  which 
is  evaporated  to  slightly  less  than  100  ml.  by  mild  heat  and  re- 
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Table  II.  Effect  of  Individual  Steps  of  Procedure  on  Recovery  of 


Vitamin  A 

Inter¬ 
national 
Units 
of  A 

Inter¬ 
national 
Units 
of  A  Re¬ 

% 

Sample 

Added 

covered 

Recovery 

Plain  oil  in  petroleum  ether 

200 

200 

100 

Plain  oil  in  petroleum  ether,  Waring 
Blendor  at  slow  speed,  5  min. 

200 

195 

98 

Plain  oil  in  petroleum  ether  run  through 
soda  ash  column 

200 

205 

103 

Plain  oil  in  petroleum  ether  stirred  5 
min.  in  Waring  Blendor  and  passed 
through  column 

200 

195 

98 

20  grams  of  ground  wheat  plus  oil  and 
petroleum  ether,  stirred  5  min.  in 
Waring  Blendor  and  passed  through 
column 

200 

195 

98 

20  grams  of  mixed  feeda  plus  oil  and 
petroleum  ether  run  in  Waring  Blen¬ 
dor  and  passed  through  column 

200 

1984 

99 

G  Mixed  feed  contained  yellow  corn  meal,  wheat  bran,  wheat  standard 
middlings,  ground  oats,  ground  barley,  soybean  oil  meal,  alfalfa  meal,  meat 
and  bone  scraps,  dried  whey,  flavin  concentrate,  ground  limestone,  and  salt. 

b  Corrected  for  carotene.  Carotene  would  have  caused  an  error  of  10 
vitamin  A  units. 


duced  pressure.  The  solution  is  passed  through  anhydrous  so¬ 
dium  sulfate  in  a  funnel  and  washed  with  petroleum  ether,  and 
the  solution  and  washings  are  combined  and  diluted  to  100  ml.  in 
a  volumetric  flask. 

Determination  of  Vitamin  A.  Suitable  aliquots  are  placed 
in  a  comparison  tube  of  the  spectrophotometer  (Coleman  Uni¬ 
versal  photoelectric  spectrophotometer  was  used  in  this  work) 
and  the  petroleum  ether  is  carefully  evaporated  almost  to  dry¬ 
ness,  using  mild  heat  and  reduced  pressure.  The  residue  is  dis¬ 
solved  in  1  ml.  of  chloroform  and  placed  in  the  spectrophotom¬ 
eter,  which  is  adjusted  to  the  620-millimicron  wave-length  band. 
Ten  milliliters  of  the  antimony  trichloride  solution  are  added 
from  an  automatic  pipet  designed  for  rapid  delivery.  Galvanom¬ 
eter  readings  are  taken  and  applied  to  a  standard  curve. 

The  results  are  corrected  for  the  amount  of  carotene  present  in 
the  solution,  using  for  this  purpose  a  curve  prepared  from  the 
reaction  of  antimony  trichloride  with  a  carotene  standard  under 
the  same  conditions.  The  amount  of  carotene  in  the  solution 
may  be  so  small  as  to  be  inconsequential. 

Saponified  U.S.P.  reference  cod  liver  oil  is  usually  used  to  pre¬ 
pare  the  standard  curve  for  vitamin  A,  since  the  unsapomfied 
fish  oils  used  in  the  authors’  laboratory  provide  results  in  good 
agreement  with  this  curve.  However,  a  standard  curve  may  be 
prepared  using  an  accurately  assayed  oil  of  the  type  contained  in 
the  feed.  The  procedure  outlined  by  Koehn  and  Sherman  ( 5) 
was  used  for  saponification,  omitting  use  of  an  inert  gas. 

APPLICATION  OF  METHOD 

All  determinations  in  this  study  were  made  using  the  antimony 
trichloride  reaction  without  saponification  except  where  otherwise 
specified.  The  400D-4000A  oils  used  in  these  determinations  pro¬ 
vided  essentially  the  same  figure  for  vitamin  A  regardless  of 
whether  the  oils  were  first  saponified  or  not. 

Effect  of  Saponification.  For  routine  control  work  where 
the  kind  of  vitamin  A  carrier  used  is  known,  saponification  has 
not  been  necessary.  However,  some  saponified  fish  oils,  notably 
lower  potency  oils  including  the  U.S.P.  reference  oil,  require  a 
different  standard  calibration  curve  or  conversion  factor  than 
without  saponification.  Fish  oils  were  saponified  in  accordance 
with  the  procedure  described  by  Koehn  and  Sherman  ( 5 ),  omit¬ 
ting  use  of  an  inert  gas.  The  ether  solutions  were  evaporated 
under  diminished  pressure  and  diluted  to  volume  with  petroleum 
ether  for  adsorption  studies. 

Inasmuch  as  cod  fiver  oil  increases  in  activity  to  the  antimony 
trichloride  reagent  after  saponification,  it  was  possible  that  a  sup¬ 
pressing  factor  might  be  separated  by  the  chromatogram.  Table 
III  shows  that  although  saponification  liberated  this  activity,  the 
chromatographic  procedure  did  not  appreciably  alter  the  charac¬ 
teristics  of  the  unsaponified  oil.  Therefore,  it  was  desirable  to 
determine  whether  or  not  saponification  of  an  alcoholic  extract 
of  mixed  feeds  would  provide  more  reproducible  results  when  the 
vitamin  A  was  supplied  by  different  oils.  The  results  in  Table 


IV  provide  information  on  this  question.  The  extract  or  oils  were 
saponified  before  being  passed  through  the  column. 

The  data  indicate  that  some  vitamin  A  was  lost  during  the  pro¬ 
cedure  after  saponification;  this  may  be  due  to  the  diminished 
stability  of  vitamin  A  alcohol.  The  loss  amounted  to  1  to  9%, 
which  was  not  sufficiently  great  to  invalidate  the  method  for 
practical  application,  at  least  for  livestock  feeds.  However, 
saponification  should  be  omitted  whenever  practical. 

The  bottom  fine  of  Table  IV  shows  the  recovery  of  vitamin  A 
from  a  feed  mixture.  In  this  instance  it  was  impossible  to  deter¬ 
mine  vitamin  A  accurately  without  recourse  to  the  chromato¬ 
graph,  so  the  figure  340  represents  the  amount  of  vitamin  A  added 
to  the  feed.  The  91%  recovery,  then,  takes  into  account  the  loss 
from  saponification  as  well  as  that  involved  in  the  chromato¬ 
graphic  purification  of  the  saponified  vitamin  A.  Saponification 
alone  has  been  associated  with  an  average  loss  of  about  3%  of  the 
apparent  vitamin  A  in  the  oils  other  than  cod  fiver  oil.  Recovery 
of  vitamin  A  from  this  sample  by  the  standard  chromatographic 
procedure  without  saponification  was  101%  (345  International 
Units).  Hence,  the  9%  loss  in  this  instance  was  directly  attribut¬ 
able  to  saponification.  The  crude  carotene  fraction  from  this 
feed  contained  80  units  of  false  vitamin  A  per  20  grams  (anti¬ 
mony  trichloride  reaction) ;  24%  of  the  amount  added  (340 1.U.). 

The  fact  that  a  suppressing  effect  is  separated  from  vitamin  A 
by  saponification  of  cod  liver  oil  but  not  by  the  chromatogram 
suggests  the  possibility  that  the  substance  might  be  in  combina¬ 
tion  with  the  vitamin.  The  possibility  is  not  excluded  that  some 
saponifiable  compound  might  be  present  which  inhibits  the  re¬ 
action  of  vitamin  A  with  antimony  trichloride  but  is  not  retained 
by  the  adsorbent.  This  substance  is  apparently  not  present  in 
proportionately  large  amounts  in  many  fortified  oils  containing 
4000  A  units  per  gram. 


Table  III.  Effect  of  Chromatograph  and  Saponification  on  U.S.P 
Reference  Cod  Liver  Oil 

%  Transmittance  at  620  Millimicrons 
of  SbCh  Reaction  Product 


I.U.  of 

Unsaponified  Oil 

Saponified  oil, 

Vitamin  A 

Direct 

Chromatogram 

direct 

1.70 

94.0 

92.0 

90.0 

4.25 

90.0 

89.0 

84.0 

8.50 

73.0 

73.0 

74.0 

17.00 

59.0 

61.0 

58.0 

34.00 

39.0 

40.0 

34.5 

85.00 

19.0 

19.0 

14.0 

SPECIFICITY  OF  SODIUM  CARBONATE  CHROMATOGRAM 

The  foregoing  data  indicate  that  the  sodium  carbonate  column 
adsorbs  interfering  substances  in  the  proportion  occurring  in 
some  practical  feed  mixtures.  Preliminary  investigations  have 
been  conducted  to  indicate  the  compounds  retained  by  the  ad¬ 
sorbent  and  the  effect  of  unadsorbed  materials  on  the  antimony 
trichloride  reaction. 

Micron  Brand  magnesium  oxide  No.  2641  is  an  excellent  ad¬ 
sorbent  for  the  separation  of  carotenoid  pigments  according  to 
Strain  (9).  Therefore,  the  following  general  procedure  was  used 


Table  IV.  Effect  of  Chromatogram  on  Recovery  of  Vitamin  A 
from  Saponified  Oils 

Vitamin  A  Found 


Saponified  Oil  Used 

Without 

chromatogram 

Chromato¬ 

graphed 

% 

recovery 

U.S.P.  cod  liver  oil 

1,750 

1,600 

92 

400D-4000  A  feeding  oil  A 

3,900 

3,700 

95 

400D-4000  A  feeding  oil  B 

3,950 

3,900 

99 

10,000  A  feeding  oil 

10,350 

10,150 

98 

Shark  liver  oil 

20,850 

20,000 

96 

Extract  of  feed  mixture 

340° 

310 

91 

°  Amount  added  to  mixture  prior  to  extraction  and  saponification. 
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to  show  whether  residual  amounts  of  noncarotene  pigments  might 
be  unadsorbed  by  the  sodium  carbonate  column. 

An  appropriate  weight  of  the  ingredient  was  extracted  in  the 
Waring  Blendor  with  petroleum  ether  for  5  minutes.  The  extract 
was  passed  through  the  sodium  carbonate  column  and  the  con¬ 
tainer  and  column  were  washed  with  150  ml.  more  of  petroleum 
ether.  The  solution  was  evaporated  under  reduced  pressure  to 
less  than  100  ml.  and  diluted  to  exactly  100  ml.  Aliquots  were  re¬ 
moved  for  colorimetric  estimation  of  apparent  carotene.  Part  of 
the  solution,  after  passage  through  the  sodium  carbonate  column, 
was  then  passed  through  a  column  containing  1  part  of  Micron 
Brand  magnesium  oxide  to  3  parts  of  Hyflo  Super  Cel.  This  col¬ 
umn  was  1.3  cm.  in  diameter  and  15  cm.  in  length.  The  chroma¬ 
togram  was  developed,  and  the  carotene  was  eluted  using  a  5% 
solution  of  acetone  in  petroleum  ether.  This  solution  was  ad¬ 
justed  to  the  original  volume  and  subjected  to  colorimetric  esti¬ 
mation  of  carotene.  This  procedure  was  described  by  Wall  and 
Kelley  {10). 

In  the  case  of  one  sample  of  dehydrated  alfalfa  meal,  the  solu¬ 
tion  after  passage  through  the  sodium  carbonate  column  and  the 
solution  after  serial  passage  through  both  sodium  carbonate  and 
magnesium  oxide  columns  were  found  to  be  identical.  Their  ad¬ 
sorption  spectra  were  the  same.  There  was  no  loss  in  amount  of 
material  absorbing  light  of  a  440-millimicron  wave  length  after 
magnesium  oxide  adsorption.  The  sodium  carbonate  eluate  con¬ 
tained  no  substances  separated  by  the  magnesium  oxide  column 
under  the  conditions  applied. 

Additional  samples  were  treated  in  accordance  with  the  fore¬ 
going  procedure  (Table  V). 


Table  V.  Effect  of  Treatment  of  Sodium  Carbonate  Eluate  by 
Magnesium  Oxide  Adsorption 


.Substance 


%  Transmittance 
at  450  Millimicrons 

Amount,  Na2Co3  Na2CC>3  and 

G./100  Cc.  column  MgOa  columns 


Dehydrated  alfalfa 
Corn  gluten  meal 
Yellow  corn 


2 

58 

59 

10 

80 

83 

20 

93 

93 

a  Micron  Brand. 


With  most  ingredients  and  mixtures  the  bands  remain  near  the 
top  of  the  column.  Carotene  passes  through  without  forming 
a  distinct  band.  In  the  case  of  tomato  pomace,  a  clear-cut  red 
band  was  formed  which  descended  rapidly  through  the  column. 
In  view  of  the  infrequency  of  use  of  tomato  pomace  in  livestock 
feeds,  no  attempt  has  been  made  to  modify  the  adsorption  tech¬ 
nique  to  separate  this  band. 

The  behavior  of  this  compound  in  relation  to  the  other  pig¬ 
ments  in  the  sodium  carbonate  and  in  the  magnesia  column,  as 
well  as  its  source  and  absorption  maximum  of  480  millimicrons, 
indicates  that  this  compound  is  probably  lycopene.  Strain  ( 8 ) 
reported  that  lycopene  is  the  most  strongly  adsorbed  compound 
of  the  carotene  series.  Compounds  containing  polar  groups,  such 
as  the  hydroxyl  groups  of  xanthophylls,  are  likely  to  be  more 
strongly  adsorbed  than  the  carotenes.  Therefore,  of  the  carot¬ 
enoid  pigments,  lycopene  appears  to  be  borderline  in  its  behavior 
and,  if  present,  would  cause  an  erroneous  estimate  of  the  anti¬ 
mony  trichloride  color  to  be  expected  from  the  carotene  in  the 
sodium  carbonate  eluate.  More  polar  compounds  including  xan¬ 
thophylls  are  apparently  removed  by  this  adsorbent.  Conversely, 
the  adsorbent  does  not  differentiate  between  compounds  ap¬ 
proaching  the  chemical  structure  of  0-carotene  more  closely  than 
lycopene. 

The  data  in  Table  V  indicate  a  slight  loss  in  color  intensity  in 
extracts  from  alfalfa  and  corn  gluten  meal  after  passage  of  the 
sodium  carbonate  eluate  through  the  magnesium  oxide  column. 

In  a  second  test  the  color  intensity  of  a  magnesium  oxide  elu¬ 
ate  from  corn  gluten  meal  was  the  same  as  that  of  the  sodium  car¬ 
bonate  eluate.  These  differences  in  results  seem  to  indicate  tech¬ 
nical  limitations  of  the  method,  although  the  possibility  exists 


Table  VI.  Comparison  of  Calculated  and  Observed  Antimony 
Trichloride  Color  in  Carotene  Eluate,  and  Vitamin  A  Recovery 


Carotene  per 

Carotene,  %  Trans¬ 

Vitamin  A  per 

Comparison 

mission  of  SbCl3  Color 

Gram  of  Feed 

Formula 

Tube,  7 

Actual 

Calculated 

Added 

Recovered 

1 

4.4 

98 

96 

8.8 

89 

91 

l4!  5 

is!o 

17.6 

85 

83 

2 

13.6 

87 

88 

1ST6 

18!o 

40.8 

66“ 

74“ 

“  Discrepancy  probably  due  to  amount  of  lipid  material  in  large  aliquot 
used. 


Table  VII.  Purification  of  A.O.A.C.  Crude  Carotene  Solution  by 

Adsorption 

%  Transmission  of  Replicate  Aliquots 


Na2C03 

MgO 

Crude 

column 

column 

carotene 

Dehydrated  alfalfa 

72 

75 

64 

Corn  gluten  meal 

50 

55 

27 

Yellow  corn 

91 

92 

86 

Formula  l 

91 

92 

86 

Formula  2 

84 

83 

76 

Formula  3 

91 

92 

78 

Formula  3:  yellow  corn  meal,  23;  ground  oats,  10;  ground  barley,  10; 
wheat  standard  middlings,  25;  corn  gluten  meal,  15;  meat  scraps,  10; 
dried  skim  milk,  5;  salt,  0.5;  limestone,  1.48;  manganese  dioxide  (techni¬ 
cal),  0.02. 


that  100%  elution  of  the  carotene  fraction  might  not  have  been 
attained  from  the  magnesium  oxide  column. 

The  accuracy  of  this  method  depends  upon  the  degree  with 
which  the  antimony  trichloride  color  developed  from  the  caro¬ 
tene  in  the  eluate  can  be  predicted  in  eluates  containing  carotene 
and  vitamin  A.  Two  feed  mixtures  were  prepared  having  the 
following  compositions : 

Formula  1:  yellow  corn,  18;  ground  oats,  10;  ground  barley, 
10;  dehydrated  alfalfa  meal,  5;  wheat  bran,  15;  wheat  mid¬ 
dlings,  15;  soybean  oil  meal,  10;  meat  scraps,  10;  dried  skim 
milk,  5;  salt,  0.5;  limestone,  1.48;  manganese  dioxide  (technical), 
0.02. 

Formula  2:  yellow  corn  meal,  47.4;  dehydrated  alfalfa  meal, 
10;  wheat  bran,  20;  wheat  middlings,  5;  soybean  oil  meal,  25; 
salt,  0.5;  limestone,  2.08;  manganese  dioxide  (technical),  0.02. 

Table  VI  shows  the  per  cent  transmission  of  the  antimony  tri¬ 
chloride  color  calculated  from  the  standard  curve,  compared  with 
that  actually  found  in  the  sodium  carbonate  eluate. 

The  actual  and  calculated  color  intensities  are  in  good  agree¬ 
ment  except  in  the  case  of  the  aliquot  from  formula  2  containing 
40.8  micrograms  of  carotene.  Experiments  with  low-carotene, 
vitamin  A-free  formulas  indicate  that  the  antimony  trichloride 
reagent  causes  a  darkening  of  the  solution  and  decreased  trans¬ 
mission  at  620  millimicrons.  In  practice  it  has  been  found  that 
saponification  is  advisable  when  the  sample  contains  less  than  1 
I.U.  of  vitamin  A  per  gram. 

One  of  the  considerable  number  of  fish  meal  samples  used  in 
routine  applications  of  this  method  was  found  to  contain  a  brown¬ 
ish  pigment  which  was  not  effectively  separable  from  carotene 
either  by  the  sodium  carbonate  or  the  magnesium  oxide  columns. 
This  pigment  was  responsible  for  a  false  antimony  trichloride 
reaction,  and  was  not  present  in  the  unsaponifiable  fraction  of  this 
sample.  Saponification  is  necessary  in  such  instances.  A  number 
of  fish  meals  have  been  found  to  contain  colorless  material  indis¬ 
tinguishable  from  vitamin  A.  The  biologic  activity  of  these  lat¬ 
ter  preparations  has  not  yet  been  determined. 

In  a  further  study  of  the  efficiency  of  the  sodium  carbonate  ad¬ 
sorbent  (Table  VII)  the  samples  were  treated  in  accordance  with 
the  A.O.A.C.  procedure  ( 1 ),  for  the  determination  of  crude  caro¬ 
tene.  Aliquots  from  the  crude  carotene  preparations  were  sub¬ 
jected  to  sodium  carbonate  and  magnesium  oxide  adsorption. 

Both  adsorbents  remove  appreciable  amounts  of  the  A.O.A.C. 
crude  carotene.  The  agreement  between  results  from  the  two  ad¬ 
sorbents  is  sufficiently  close  for  prediction  of  the  color  intensity 
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developed  from  antimony  trichloride.  Small  errors  in  the  deter¬ 
mination  of  carotene  have  comparatively  httle  effect  on  the  ac¬ 
curacy  of  the  vitamin  A  measurement. 
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Improvements  in  the  Potentiometric  Titration  of  Chlorides 

ROBERT  P.  YECK  and  G.  H.  KISSIN 

American  Smelting  &  Refining  Company,  Central  Research  Laboratory,  Barber,  N.  J. 


A  simplified  electrode  system  without  a  salt  bridge  is  described. 
The  assembly  consists  of  a  metallic  silver  electrode  and  a  reference 
electrode  reversible  to  chloride  ions,  mounted  with  a  stirrer  in  a 
compact  unit.  The  method  makes  possible  titration  of  chloride  ion, 
with  silver  nitrate  solutions,  to  an  abrupt  potential  swing  at  the 
equivalence  point,  detected  with  an  electronic  voltmeter,  resulting 
in  a  simplicity  and  convenience  comparable  to  conventional  redox 
electrometric  titrations.  The  use  of  an  electronic  voltmeter  for  the 
detection  of  the  end  point  eliminates  errors  of  polarization  and 
makes  possible  the  routine  potentiometric  titration  of  chloride  in 
solutions  containing  heavy  metal  ions. 

THE  potentiometric  method  for  chloride  determination  has 
considerable  advantage  over  titrations  involving  chemical 
indicators  and  the  gravimetric  silver  chloride  method.  The  re¬ 
cent  paper  by  Yao  ( 8 ),  proposing  the  titration  of  chlorides  with 
silver  nitrate  by  a  series  of  potential  measurements,  and  finally, 
to  a  definite  potential,  is  not  adaptable  to  routine  work;  the 
equipment  required  and  the  time  and  care  necessary  in  making  a 
series  of  readings  make  routine  use  impractical.  The  titration  of 
chlorides  by  use  of  the  polarized  electrode  systems  described  by 
Foulk  and  Bawden  (3),  Willard  and  Fenwick  (7),  and  Clippenger 
and  Foulk  (I),  while  capable  of  giving  excellent  results,  had  the 
disadvantage  of  requiring  chemical  separation  of  heavy  metal 
ions.  Because  of  the  applied  electrode  potential  in  this  type  of 
circuit,  depositable  ions  must  be  absent,  necessitating  chemical 
separations.  Titrations  of  chlorides  with  adsorption  indicators 
proposed  by  Fajans  (2),  Kolthoff  (6‘),  and  others  required  the 
usual  separations  and,  in  addition,  close  pH  control.  The  older 
chromate  method  has  these  disadvantages  plus  the  personal  fac¬ 
tor  of  error  in  exact  reproducibility. 

ELECTRODE  CHARACTERISTICS 

For  the  determination  of  chlorides,  an  electrode  system  not 
adversely  affected  by  other  ions,  giving  a  potential  change  (Fig¬ 
ure  1)  abrupt  enough  for  easy  reading  on  an  electronic  voltmeter 
(titrimeter)  was  desirable.  Such  a  system  has  proved  satisfactory 
for  rapid  control  on  a  variety  of  materials  without  chemical 
separations  and  with  reasonable  accuracy. 

The  electrode  system  consists  of  two  reversible  electrodes: 
the  silver  chloride  electrode  reversible  to  chloride  ions,  and  the 
silver  electrode  reversible  to  silver  ions.  The  cell  may  be  indi¬ 
cated  as  follows: 


,  I  Electrolyte 
i  g  I  Sample 


KN03(1  N) 
AgCl(sat.) 


AgCl |  Ag 


At  the  beginning  of  the  titration  when  the  chloride  ions  are  at 
high  concentration  in  the  sample  they  are  relatively  low  at  the 
silver  chloride  electrode.  Additions  of  silver  nitrate  decrease  the 
chloride-ion  concentration  in  the  sample,  causing  a  corresponding 
change  in  the  potential  of  the  silver  chloride  indicator  electrode. 


Until  the  equivalence  point  is  reached,  the  potential  of  the  silver 
electrode  is  determined  by  the  concentration  of  silver  ions  result¬ 
ing  from  the  solubility  of  silver  chloride,  which  is  approximately 
constant.  At  the  equivalence  point  the  chloride-ion  concentra¬ 
tions  in  the  sample  and  at  the  silver  chloride  electrode  are  ap¬ 
proximately  the  same,  controlled  by  the  solubility  of  silver  c  o 
ride,  but  the  silver-ion  concentration  now  changes  because  of  the 
slight  excess  of  silver  nitrate.  This  results  in  an  abrupt  change  in 
the  potential  of  the  silver  electrode  indicated  by  a  meter  swing  of 
the  titrimeter  similar  to  that  encountered  in  redox  titrations. 

ELECTRODE  DESCRIPTION 

The  reference  electrode  described  here  offers  maximum  sun- 
plicity  of  operation  and  maintenance,  elimination  o  t  e  sa 
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Table  I.  Effect  of  Heavy  Metal  Ions 


Copper 

Sulfate  Solution 

Zinc  Sulfate  Solution 

Chloride 

Chloride 

Chloride 

Chloride 

added 

found 

added 

found 

Gram 

Gram 

Gram 

Gram 

0.0005 

0.0005 

0.0042 

0.0040 

0.0010 

0.0010 

0.0047 

0.0045 

0.0015 

0.0014 

0.0057 

0 . 0056 

0.0020 

0.0018 

0.0077 

0.0075 

0.0030 

0.0029 

0.0087 

0.0086 

0.0040 

0.0040 

0.0050 

0.0050 

bridge,  and  reasonable  precision  (Figure  2).  The  compact  de¬ 
sign  makes  it  easily  adapted  to  a  stirrer  assembly  (Figure  3). 

The  silver  chloride  electrode  assembly  is  made  of  Pyrex  tubing, 
12  cm.  long  and  7  mm.  in  outside  diameter,  with  a  smaller  bore 
side  arm  located  near  the  top.  The  bottom  is  tapered  slightly 
and  fitted  with  a  ground-glass  sleeve  of  the  same  taper.  A  very 
small  hole  is  bored  or  blown  into  the  tapered  section,  under  the 
ground-glass  sleeve.  The  bottom  of  the  tube  is  sealed.  The 
silver  chloride-coated  silver  wire  or  ribbon  extends  to  near  the 
bottom  of  the  tube  and  is  sealed  in  at  the  top  with  a  wire  lead 
extending  through  the  seal.  The  silver  chloride  deposit  is  formed 
by  electrolysis,  at  low  current  density,  of  a  dilute  chloride  solu¬ 
tion  with  the  silver  wire  or  ribbon  used  as  anode.  Platinum  may 
be  used  for  the  cathode. 

The  electrode  is  kept  about  half  full  of  0.1  A  potassium  chlo¬ 
ride  solution  or  1.0  A  potassium  nitrate  containing  a  small  amount 
of  silver  chloride  to  maintain  saturation.  Tests  proved  that  no 
detectable  amount  of  chloride  leakage  would  occur  in  using  a 
properly  constructed  electrode.  However,  Furman  pointed  out 
U)  that  the  use  of  0.1  A  potassium  chloride  might  raise  objec¬ 
tions  because  of  the  possibility  of  accidental  contamination  of 
the  sample,  and  suggested  the  use  of  potassium  nitrate  solution, 
saturated  with  silver  chloride.  This  resulted  in  a  slightly  greater 
potential  break  of  equal  abruptness.  Therefore  the  authors 
would  recommend  use  of  1.0  A  potassium  nitrate  saturated  with 
silver  chloride  rather  than  the  potassium  chloride. 

The  side  arm  is  used  for  filling  the  electrode  and  is  provided 
with  a  tight-fitting  rubber  plug.  Continual  use  of  the  electrode 
over  long  periods  may  result  in  diffusion  of  sample  solutions  into 
the  electrode  electrolyte,  making  flushing  and  refilling  desirable. 
When  flushing  is  desired,  the  plug  is  removed  from  the  side  arm, 
and  the  sleeve  removed  from  the  lower  end,  resulting  in  release 
of  a  small  quantity  of  the  electrode  solution.  The  cap  and  side- 
arm  plug  may  then  be  replaced,  and  the  electrode  thoroughly 
rinsed  When  not  in  use  the  electrode  should  be  kept  immersed 

in  fresh  distilled  water. 

The  silver  electrode  is 
merely  a  ribbon  or  wire 
of  high-purity  silver,  kept 
clean  by  frequent  fight 
abrasion  with  fine  Car¬ 
borundum  paper. 


A 


A 


B 


C 


m- 


Figure  2.  Reference  Electrode 


<4. 

S. 

C. 


E. 


Seal  with  lead  extending  through 
Silver  chloride  coated  silver  wire  or 
ribbon 

Tapered,  ground-glass  joint  with  small 
hole,  sealed  on  bottom 
Filling  tube  (or  potassium  chloride 
solution,  with  tight-fitting  stopper 
Ground-glass  sleeve,  open  on  top  and 
bottom  to  fit  C 


No  special  precautions 
are  required  to  protect 
the  electrodes  from  light. 
The  electrodes  have  been 
standing,  immersed  in  dis¬ 
tilled  water,  for  6  months 
in  daylight,  but  not  direct 
sunlight,  without  deterio¬ 
ration. 

TITRIMETER  OPERATION 

The  electronic  voltme¬ 
ter  used  in  this  work  was 
built  by  one  of  the  authors 
(Yeck)  from  the  design 
of  Garman  and  Droz  (5). 
This  is  an  excellent,  sim¬ 
ple  circuit,  used  for 
numerous  determinations 
in  this  laboratory.  How¬ 


ever,  any  of  the  commer¬ 
cially  available  titrimeters 
should  be  suitable.  Several 
tests  should  be  made  to  deter¬ 
mine  behavior  of  electrodes 
with  various  types  of  titrim¬ 
eters.  Standards  and  sam¬ 
ples  must  be  titrated  at  the 
same  sensitivity  and  same  de¬ 
gree  of  meter  deflection.  A 
deflection  of  50  to  75%  of 
scale  is  satisfactory;  greater 
sensitivity  is  unnecessary.  The 
electrodes  are  sufficiently 
sensitive  to  give  rapid, 
momentary  deflections  with 
small  additions  of  titrant,  be¬ 
coming  slower  in  return  as  the 
equivalence  point  is  reached, 
enabling  the  operator  to  judge 
the  chloride  content  of  sam¬ 
ple  and  thereby  avoid  over¬ 
titration. 

GENERAL  METHOD 

The  sample  should  be  in  di¬ 
lute  nitric,  sulfuric,  or  acetic 
acid.  In  the  case  of  nitric  acid,  the  concentration  should  be  very 
low  (pH  1  to  2),  to  avoid  solution  of  the  silver  electrode,  but  for  all 
routine  purposes  the  sulfuric  or  acetic  acid  need  not  be  carefully 
adjusted;  up  to  10%  by  volume  has  been  used  successfully. 
Some  impairment  of  the  magnitude  of  the  potential  break  will 
occur  at  higher  acid  concentrations,  however.  Iodides  and 
bromides  must  be  absent.  Heavy  metal  ions  need  not  be  re¬ 
moved.  Silver  reducing  substances  must  be  absent.  Many 
chloride  determinations  are  made  on  solutions  or  water-soluble 
substances,  in  which  case  slight  sulfuric  acidification  is  all  that  is 
necessary  to  prepare  for  titration.  A  volume  of  about  150  ml.  is 
suitable  for  titration,  which  should  be  carried  out  at  room  tem¬ 
perature.  Standards  are  prepared  by  adding  known  amounts  of 
chloride  ion  to  chloride-free  material  as  nearly  identical  with 
samples  as  possible.  The  amount  added  for  the  standard  should 
be  close  to  the  quantity  in  the  sample.  High  chloride  content 
material  should  not  be  titrated  with  silver  nitrate  solution  stand¬ 
ardized  against  a  small  quantity  of  chloride,  or  vice  versa. 

EFFECT  OF  HEAVY  METAL  IONS  IN  DIRECT  TITRATIONS 

Tests  were  made  to  determine  the  effect  of  metal  ions  in  direct 
titrations  preliminary  to  use  of  the  method  on  similar  materials 
(Table  I).  The  test  solutions  consisted  of  copper  sulfate  acidi¬ 
fied  with  sulfuric  acid  and  containing  50  grams  per  liter  of  copper, 
and  zinc  sulfate  containing  50  grams  per  liter  of  zinc.  In  both 
cases  50  ml.  of  solution  plus  50  ml.  of  distilled  water  were  acidified 
to  less  than  1%  with  sulfuric  acid  and  titrated  directly. 

The  magnitude  of  the  potential  break  has  not  been  investigated 
for  the  use  of  silver  nitrate  solutions  of  greater  dilution  than 
0.03  A,  since  this  was  satisfactory  for  the  practical  applications 
de  ired.  No  interference  was  encountered  from  the  relatively 
large  amounts  of  heavy  metal  ions  and  impurities  present. 
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Figure  3.  Stirrer  Assembly 

A.  Air  stirrer 

B.  Rubber  block,  cut  from  large  rub¬ 

ber  stopper  with  holes  to  fit  over 
stirrer  and  to  hold  electrodes 

C.  Silver  wire  or  ribbon  electrode 

D.  Silver  chloride  electrode 


2-Phenylazo-p-cresol,  a  Photometric  Standard 

for  Vitamin  A 

HENRY  R.  KREIDER1,  Mead  Johnson  &  Co.,  Evansville,  Ind. 


A  SUBSTANCE  which  may  be  used  as  a  standard  for  the 
photometric  determination  of  vitamin  A  has  long  been 
needed.  Because  animal  assays,  the  only  quantitative  method 
for  this  vitamin  in  the  United  States  Pharmacopoeia,  are  often 
too  slow  and  too  inaccurate,  there  is  a  definite  tendency  to  use 
photometric  determinations  for  all  industrial  purposes.  The  War 
Food  Administration  and  the  Vitamin  Oil  Producers  Institute 
are  now  studying  a  reproducible  method  of  evaluating  vitamin  A 
in  fish  liver  oils.  The  proposed  method  uses  the  factor  2000  X 
at  3280  A.,  provided  that  the  ratios  E1^^000  V 
F}%  3280  and  E\%CI^500  ^■/e\^°cJ2s0  do  not  exceed 
0.73  and  0.65,  respectively.  This  method  does  not  provide, 
however,  for  a  method  of  standardizing  instruments  or  calibrating 
instruments  which  do  not  directly  determine  extinction  but  have 
a  scale  that  must  be  calibrated  with  a  suitable  standard. 


Figure  1.  Absorption  Curve 

- 2-phenylazo-p-cresol.  400  microsrans  per  100  ml.  In  isopropanol.  -  -  -  Dis 

tilled  vitamin  A  ester  concentrate  3473  (Distillation  Products).  1  ms.  per  30  ml. 


In  1934  the  Conference  on  Biological  Standards  of  the  League 
of  Nations  Health  Organization  defined  the  International  Umt  as 
the  activity  of  0.6  microgram  of  pure  /3-carotene.  Subsequently 
the  United  States  Pharmacopoeia  adopted  as  a  secondary  stand¬ 
ard  a  cod  liver  oil  which  was  declared  to  contain  3000  units  per 
gram.  In  1938  the  stock  was  depleted  and  a  new  reference  cod 
liver  oil  was  prepared  with  a  declared  potency  of  1700  units  per 
gram.  In  1941  a  collaborative  study  of  the  raw  oil  and  the  non- 
saponifiable  fraction  was  made  for  the  purpose  of  determining  the 
biological  potency  and  a  conversion  factor  for  use  with  photo¬ 
metric  data.  This  work  was  not  considered  sufficiently  con¬ 
clusive  to  warrant  adoption  of  a  photometric  procedure,  and  fur¬ 
ther  experiments  are  being  carried  out.  There  are  indications 
that  the  standard  is  rather  unstable  and  that  the  two  absorption 
peaks  at  3280  and  2820  A.  may  vary  in  proportion  to  each  other  in 
different  samples  ( 3 ,  5).  Because  of  these  variations  the  Com¬ 
mittee  of  Revision  of  the  United  States  Pharmacopoeia  discarded 
the  stock  of  bottled  samples  and  in  December,  1944  bottled  cod 
liver  oil  that  had  been  kept  separately  in  drums.  This  is  desig¬ 
nated  as  United  States  Pharmacopoeia  reference  cod  liver  oil 
No.  3. 

In  1943  Distillation  Products,  Inc.,  made  available  ampoules 
of  distilled  vitamin  A  ester  concentrate  which  has  great  advan¬ 
tages  over  a  fish  fiver  oil  as  a  standard  in  that  there  is  little  ir¬ 
relevant  absorption  in  the  ultraviolet  region.  It  possesses  the 

i  Present  address,  Wm.  S.  Merrell  Co.,  Lockland  Station,  Cincinnati, 
Ohio. 


disadvantage  of  instability  during  handling,  dilution,  and  the 
making  of  optical  readings  which  is  inherent  in  a  material  con¬ 
taining  vitamin  A. 

Some  attempts  have  been  made  to  report  vitamin  A  concen¬ 
tration  in  micrograms  per  gram  ( 6 )  as  is  done  for  other  crystal¬ 
line  vitamins  for  which  there  exists  a  chemical  or  optical  method  of 
analysis.  It  would  be  a  logical  step  to  adopt  such  a  procedure  be¬ 
cause  vitamin  A  and  many  of  its  esters  ( 1 ,  2)  have  been  isolated 
or  prepared  and  may  be  used  for  primary  standards.  There  would 
no  longer  be  the  necessity  for  depending  on  biological  assays 
which  are  usually  subject  to  more  error  than  are  photometric 
methods.  This  would  also  solve  the  problem  of  determining  the 
ratio  of  United  States  Pharmacopoeia  unitage  to  weight  of  vita¬ 
min  A. 

Taylor  (4)  in  an  address  before  the  Society  of  Public  Analysts 
in  1942  suggested  the  use  of  benzeneazo-p-cresol  as  a  standard  for 
vitamin  A  because  its  absorption  spectrum  resembled  that  of 
vitamin  A.  Until  the  present  time  this  suggestion  has  apparently 
been  overlooked,  for  no  other  reference  to  the  use  of  such  a  com¬ 
pound  has  been  found. 

A  sample  of  2-phenylazo-p-cresol  which  had  been  prepared  in 
1935  was  obtained  for  preliminary  work  from  W.  R.  Brode  of 
Ohio  State  University  and  the  absorption  curve  determined. 
The  compound  was  also  prepared  as  follows: 

Preparation  of  p-Cresol.  Heat  366  grams  of  potassium 
hydroxide  and  666  grams  of  sodium  hydroxide  in  an  iron  kettle 
to  230°  C.,  add  100  grams  of  sodium  p-toluene  sulfonate  with 
stirring,  and  slowly  raise  the  temperature  to  270°.  During  the 
next  30  minutes  add  300  grams  of  sodium  p-toluene  sulfonate  with 
occasional  stirring  and  raise  the  temperature  to  330°.  The  mass 
turns  black  and  gives  off  hydrogen.  Pour  into  an  iron  pan  to 
cool  and  then  dissolve  in  5  liters  of  water.  Acidify  with  sulfuric 
acid  (880  ml.  diluted  to  2  liters);  sulfur  dioxide  is  given  off. 
Steam-distill  4  liters  of  liquid,  salt  out,  and  separate  the  oik 
Distill  the  p-cresol  under  reduced  pressure.  Boiling  point  97° 
(15  mm.),  melting  point  31.5°  C. 

Preparation  of  2-Phentlazo-p-Cresol.  Dissolve  8.8  grams 
of  aniline  (from  sulfate)  in  100  ml.  of  hydrochloric  acid  and  300 
ml.  of  water,  cool  to  0°  C.,  and  add  8  grams  of  sodium  nitrite  in 
50  ml.  of  water  during  2  hours.  Add  10  grams  <of  p-cresol  in  50 
ml.  of  0.5  N  sodium  hydroxide  slowly  with  cooling.  Neutralize 
the  resultant  solution  with  sodium  hydroxide  to  pH  6.  Recrystal¬ 
lize  the  precipitated  dye  from  acetone-water  and  alcohol.  The 
product  is  yellow  to  brown  glistening  plates  melting  at  106.5- 
107°  C. 

The  absorption  curve  was  determined  on  a  Beckman  spectro¬ 
photometer  and  a  Hilger  E  37  spectrograph.  The  ratio 
£i%3°00  A./jEJi%3280  A.  =  0.613  and  E|^m3500  L/e\^°  '  = 
0.560.  It  may  be  seen  from  Figure  1  that  the  curves  for 
2-phenylazo-p-cresol  and  for  vitamin  A  are  virtually  identical 
beween  2900  and  3700  A.  At  3280  A.,  E\%m,  for  the  dye  is  900. 
Thus,  assuming  an  E  value  of  1745  (2)  for  vitamin  A,  1  gram  of  the 
diazo  compound  is  equal  to  0.515  gram  of  vitamin  A  when 
measured  at  3280  A. 

Solid  2-phenylazo-p-cresol  is  stable  for  at  least  8  years.  A 
solution  containing  7.5  mg.  per  1000  ml.  of  isopropanol  did  not 
change  its  absorption  curve  over  a  period  of  18  months  when  ex¬ 
posed  in  a  north  window.  When  exposed  in  a  quartz  cell  to  direct 
sunlight  for  3  months,  the  extinction  coefficient  dropped  about 
50%.  This  apparent  instability  does  not  seem  to  be  inherent  in 
the  compound  but  is  related  to  the  solvent,  for  a  similar  solution 
in  cyclohexane  was  stable  under  the  same  conditions.  The  com¬ 
pound  is  also  stable  in  maize  oil  and  is  soluble  in  concentrations 
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up  to  4%,  which  corresponds  to  a  vitamin  A  potency  of  approxi¬ 
mately  50,000  units  per  gram. 

The  compound  will  probably  not  be  used  as  an  adulterant  be¬ 
cause  an  absorption  band  in  the  blue  region  makes  it  easily  recog¬ 
nizable  by  its  yellow  color  even  when  highly  diluted. 

The  best  method  of  using  2-phenylazo-p-cresol,  especially  in 
laboratories  which  periodically  standardize  instruments,  is  to 
prepare  a  solution  in  maize  oil  in  the  concentration  range  of  the 
fish  oils  encountered,  and  dilute  it  in  the  same  manner  as  the  fish 
oils  for  spectrophot.ometric  determinations.  A  fresh  dilution  may 
be  made  for  each  calibration  or  the  dilutions  may  be  kept  in¬ 
definitely  in  stoppered  bottles  and  reused.  This  procedure  will 
give  a  standard  which  is  stable  at  room  temperature,  is  easily 


handled,  and  can  be  used  routinely  to  standardize  or  calibrate 
instruments  in  United  States  Pharmacopoeia  units  or  micrograms 
of  vitamin  A. 
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Simultaneous  Spectrophotometric  Determination 
of  Titanium,  Vanadium,  and  Molybdenum 

ALFRED  WEISSLER 

Naval  Research  Laboratory,  Washington,  D.  C. 


Measurements  have  been  made  of  the  absorption  spectra  of  the 
hydrogen  peroxide  complexes  of  titanium,  vanadium,  and  molyb¬ 
denum  in  perchloric  acid  solution.  Inasmuch  as  the  optical  densi¬ 
ties  at  various  wave  lengths  are  additive,  it  has  been  found  possible 


to  determine  these  three  ions  simultaneously  in  mixtures  by  using 
the  monochromatic  light  available  in  a  spectrophotometer.  A  con¬ 
siderable  saving  of  time  is  involved  in  the  use  of  a  single  color 
reaction  to  determine  three  constituents. 


MODERATELY  small  amounts  of  titanium  are  most  often 
determined  by  the  yellow  color  produced  by  hydrogen 
peroxide  in  acid  solution  (11).  Effects  of  acid  concentrations, 
temperature,  and  bleaching  agents  have  been  studied  ( 5 ,  6)  and 
Beer’s  law  has  been  found  to  hold  for  titanium  concentrations  up 
50  p.p.m.  (If).  The  color  is  stable  over  a  period  of  2  years  ( 1 ). 
Vanadium  under  the  same  conditions  gives  a  reddish-yellow 
color  which  has  been  studied  spectrophotometrically  (12))  mo¬ 
lybdenum  gives  a  pale  yellow  color  (2)  which  is  intensified  in 
phosphoric  acid  (10). 

The  titanium-peroxide  color  is  bleached  quantitatively  by  hy¬ 
drofluoric  acid,  while  the  vanadium  is  not  affected  (8),  so  inter¬ 
ference  between  these  two  may  be  avoided,  even  if  at  the  cost  of 
etched  optical  cells.  Another  scheme  (7)  permits  simultaneous 
determination  of  titanium  and  vanadium,  using  two  different 
spectral  filters,  one  transmitting  at  420  to  440  m^  and  the  other 
at  550  to  580  m^.  However,  in  both  cases  molybdenum  inter¬ 
feres. 

It  therefore  seemed  desirable  to  investigate  the  absorption 
spectra  of  the  peroxide  complexes  of  titanium,  vanadium,  and 
molybdenum  with  a  view  to  determining  these  ions  simultane¬ 
ously  in  a  given  solution,  by  the  use  of  monochromatic  light  of 
various  wave  lengths. 


THEORETICAL  ASPECTS 

A  molecule  of  a  colored  substance  in  solution  acts  as  if  it  con¬ 
tains  a  damped  simple  harmonic  oscillator — for  example,  an  elec¬ 
tron — which  has  a  natural  frequency  corresponding  to  that  of  the 
peak  absorption  (9). 

The  oscillator  is  impelled  toward  the  equilibrium  position  by 
an  elastic  restoring  force,  and  is  also  subject  to  a  frictional  damp¬ 
ing  resistance  proportional  to  the  velocity.  An  external  light 
wave  exerts  a  sinusoidal  force,  Fo  cos  c ot  (alternatively,  the  real 
part  of  Foeiu(),  which  causes  the  oscillator  to  undergo  forced 
■  vibration.  Let  x  be  the  displacement  of  the  particle  of  mass  m, 
mk  the  frictional  damping  constant,  co0  the  natural  angular  fre¬ 
quency,  and  co  the  impressed  angular  frequency;  then  the  famil¬ 
iar  differential  equation  of  motion  is: 


d2x  .  ,  dx 

mdt*  +  mkdt 


+  mwlx  -  F0eiat 


Neglecting  transients,  this  has  a  solution  of  the  form  x  =  Aeiut . 
Since  the  amplitude,  A,  may  be  a  complex  quantity  consisting  of 
a  real  part,  Ar,  and  an  imaginary  part,  Ai,  the  real  part  of  the 
solution  is: 


x  =  At  cos  c of  -f-  iAi  sin  ut 

It  can  be  shown  that  the  oscillator  continually  absorbs  energy 
from  the  light  wave,  the  absorbed  energy  going  into  the  frictional 
resistance;  also  that  the  rate  of  absorption  is  proportional  to  the 
component  of  amplitude  out  of  phase  with  the  impressed  force. 
This  component  is  the  negative  of  the  imaginary  part  of  the  am¬ 
plitude,  found  from  the  solution  of  the  differential  equation  to  be: 

.  _  F0  2/cw 

m  (a>l  -  a,2)2  +  4/c2w2 

Plotting  this  absorption  component  against  the  impressed 
frequency  (or  wave  length)  gives  the  characteristic  absorption 
curve,  such  as  was  obtained  experimentally  in  Figures  1  and  2. 
The  shape  of  the  experimental  curves  is  partly  due  also  to  the  dis¬ 
tribution  of  vibrational  and  rotational  frequencies  and  the  vary¬ 
ing  solvation  of  tfye  absorbing  molecules. 

The  combined  effect  of  many  colored  molecules  in  solution 
may  be  considered  next.  It  can  be  shown  (8)  by  the  Beer-Lam- 
bert  law  that  the  intensity  of  monochromatic  light  transmitted 
by  an  absorbing  solution  decreases  with  the  concentration,  c, 
and  length  of  optical  path,  L:  I  =  Ioe~k'cL.  Using  Briggsian 

logarithms,  this  is  more  conveniently  expressed  as  —log  -=-  = 

h 

kcL  =  D  where  1  /la  is  the  transmittancy,  the  negative  log  of 
which  equals  the  optical  density,  D  (also  called  the  extinction). 
The  specific  extinction,  k,  is  characteristic  of  the  nature  of  the 
colored  molecule  and  it  becomes  numerically  equal  to  the  den¬ 
sity  when  L  is  1  cm.  and  c  is  also  unity. 

If  the  length  of  optical  path  is  kept  constant, 


Dx 

Z>2 
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Table  I.  Influence  of  Perchloric  Acid  Concentration  on  Titanium- 

Peroxide  Color 

(1  mg.  of  titanium  plus  varying  amounts  of  70%  HCIO4,  diluted  to  50  ml.) 


HC10<, 

Optical  Density 

Position  of 

Ml. 

at  410  m/i 

Absorption  Peak,  m/4 

0 

0.305 

410 

1 

0.309 

410 

3 

0.301 

410 

5 

0.305 

410 

10 

0.304 

410 

15 

0.305 

415 

25 

0.297 

420 

40 

0.285 

425 

49 

0.272 

430 

This  is  the  aspect  of  greatest  interest  to  analytical  chemistry: 
the  concentration  of  a  colored  molecule  in  solution  may  be  deter¬ 
mined  by  measuring  the  optical  density,  provided  that  the  opti¬ 
cal  density  of  a  solution  of  known  concentration  has  been  pre¬ 
viously  measured.  The  use  of  a  spectrophotometer  provides 
a  much  closer  approximation  to  monochromaticity  than  is  pos¬ 
sible  with  a  filter  photometer,  and  therefore  gives  experimental 
results  closer  to  ideality. 

In  the  absence  of  chemical  interaction  between  two  types  of 
colored  molecules,  the  optical  densities  would  be  expected  to  be 
additive.  Therefore,  it  is  possible  to  determine  the  concentra¬ 
tions  of  several  components  in  a  mixture  by  measuring  the  opti¬ 
cal  density  of  the  mixture  at  various  wave  lengths,  as  explained 
below.  Other  useful  examples  of  the  additive  nature  of  the  densi¬ 
ties  are  the  analysis  of  mixtures  of  dyes,  and  the  infrared  analysis 
of  hydrocarbon  mixtures. 


Standard  titanium  solution  containing  1.00  mg.  of  titanium 
per  ml.  was  prepared  from  N.B.S.  standard  sample  154,  98.7% 
Ti02,  by  heating  1.691  grams  with  10  grams  of  ammonium  sulfate 
and  50  ml.  of  sulfuric  acid  until  dissolved,  then  cooling  and  dilut¬ 
ing  to  1  liter. 

Standard  vanadium  solution  containing  1.00  mg.  of  vanadium 
per  ml.  was  prepared  by  dissolving  2.43  grams  of  c.p.  ammonium 
metavanadate  in  100  ml.  of  1  to  1  sulfuric  acid,  diluting  to  1  liter, 
and  adjusting  the  volume  after  standardization  by  potentiomet- 
ric  titration  with  ferrous  ammonium  sulfate. 

Standard  molybdenum  solution  containing  1.00  mg.  of  molyb¬ 
denum  per  ml.  was  prepared  by  dissolving  0.630  gram  of  sodium 
molybdate  dihydrate  in  water,  and  diluting  to  250  ml. 

Each  solution  examined  contained  10  ml.  of  70%  perchloric 
acid  (unless  specifically  noted  otherwise)  and  was  diluted  to  50 
ml.  in  a  volumetric  flask.  Then  a  portion  of  the  solution  was 
poured  into  each  of  two  identical  cells,  which  were  filled  to  the 
same  height  each  time.  One  drop  of  water  was  added  to  one  cell, 
one  drop  of  30%  hydrogen  peroxide  to  the  other,  and  each  solu¬ 
tion  was  stirred  with  a  little  glass  rod.  The  instrument  was  set 
to  read  zero  optical  density  for  the  unperoxidized  portion,  against 
which  the  density  of  the  peroxidized  portion  was  then  measured. 


Table  II.  Influence  of  Phosphoric  Acid  Concentration  on  Titanium- 

Peroxide  Color 


(1  mg.  of  titanium  plus  10  ml.  of  70%  HClOi,  varying  amounts  of  1  to  1 
phosphoric  acid,  diluted  to  50  ml.) 


Optical  Density 


At  400  m/4 


At  410  m/4 


At  460  m/4 


HaPO/ 

(1  to  1),  Ml. 

0  0.288 

2  0.290 

4  0.287 

6  0.287 

8  0.286 

10  0.285 


0.303 

0.205 

0.292 

0.160 

0.285 

0. 149 

0.283 

0.148 

0.281 

0. 147 

0.277 

0.145 

APPARATUS  AND  REAGENTS 

The  Beckman  spectrophotometer  was  used  in  this  work,  with 
1.000-cm.  Corex  covered  cells:  direct  readings  of  both  per  cent 
transmission  and  optical  density  are  obtainable.  The  silt  width 
was  usually  less  than  0.02  mm.,  corresponding  to  spectral  band 
widths  of  less  than  5  m/r. 


EXPERIMENTAL  WORK 

Amounts  of  standard  titanium  solution  varying  from  0.1  to 
7.0  ml.  were  added  to  10.0  ml.  of  perchloric  acid,  and  diluted 


Figure  1.  Transmission  Spectra  of  Titanium-Peroxide  Com-  Figure  2.  Optical  Density  Spectra  of  Titanium-Peroxide  Complex 

plex  in  Perchloric  Acid  Solution  in  Perchloric  Acid  Solution 
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Figure  3.  Linearity  of  Titanium  Concentration-Density 
Relation 


to  50.0  ml.  The  per  cent  transmission  and  optical  density  of  a 
peroxidized  portion  were  measured  against  an  unperoxidized 
portion  of  each,  in  1.000-cm.  cells,  over  the  range  300  to  620  m/i. 

Figure  1  shows  the  absorption  spectra,  plotted  as  per  cent 
transmission  against  wave  length.  Figure  2  represents  the  same 
solutions,  plotted  in  terms  of  optical  density.  It  was  found  more 
convenient  to  use  optical  density  in  this  work,  because  of  its 
linear  relation  to  concentration. 

Peak  absorption  occurs  at  410  m/i.  Figure  3  affords  experi¬ 
mental  verification  of  the  validity  of  Beer’s  law  for  this  system  at 
410  m/x,  and  indicates  approximate  validity  at  some  other  wave 
length  such  as  460  m,u. 

The  effect  of  variation  in  perchloric  acid  concentration  was 
studied,  using  1.0  mg.  of  titanium.  Table  I  shows  that  no  signifi¬ 
cant  variation  occurs  in  the  range  from  0  up  to  15  ml.,  beyond 
which  the  color  bleaches  slightly  and  the  absorption  peak  moves 
toward  the  longer  wave  lengths.  The  usefulness  of  phosphoric 
acid  in  eliminating  extraneous  color  due  to  iron  prompted  in¬ 
vestigation  of  its  effect  on  the  peroxide-titanium  color.  Table  II 
shows  that  bleaching  is  negligible  at  400  m/i  but  considerable  at 


Table  III.  Simultaneous  Determination  of  Titanium,  Vanadium, 
and  Molybdenum  by  Peroxide  Color  Reaction 

(Standard  solutions  of  metals  plus  10  ml.  of  70%  HCIO4,  diluted  to  50  ml.) 


Ti 

V 

Mo 

Ti 

V 

Mo 

Sample  Added  Added  Added 

D3S0 

Duo 

D  460 

Found 

Found 

Found 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

1 

1.00 

1.00 

1.00 

0.245 

0.403 

0.309 

1.00 

1.01 

0.95 

2 

2.00 

2.00 

2.00 

0.488 

0.798 

0.614 

1.96 

2.06 

1.91 

3 

3.00 

1.00 

1.00 

0.356 

0.997 

0.711 

2.90 

1.01 

0.87 

4 

2.00 

4.00 

2.00 

0.429 

0.944 

0.818 

1.92 

4.10 

1.82 

5 

1.00 

2.00 

2.00 

0.426 

0.500 

0.408 

1.03 

1.97 

1.90 

6 

3.00 

3.00 

3.00 

0.710 

1.20 

0.917 

3.00 

2.93 

2.73 

7 

2.00 

3.00 

1.00 

0.248 

0.857 

0.718 

1.95 

3.00 

0.85 

460  rn.fi;  therefore,  phosphoric  acid  possesses  the  additional  ad¬ 
vantage  of  narrowing  the  absorption  band. 

To  investigate  the  extent  of  interference  by  vanadium,  the 
adsorption  of  the  vanadium-peroxide  complex  in  perchloric  acid 
solution  was  determined.  Figure  4  shows  that  the  color  is  less 
intense  than  that  of  titanium,  and  that  peak  absorption  is  at 
460  m/a.  Figure  5  demonstrates  the  validity  of  Beer’s  law  at 
410  and  460  m/i. 

To  investigate  the  extent  of  interference  by  the  pale  yellow 
molybdenum-peroxide  complex,  measurements  were  made  of  its 
spectra  in  perchloric  acid  solution.  Surprisingly,  Figure  6  shows 
an  intense  absorption  peak  at  330  m/i,  which  seems  not  to  have 
been  mentioned  in  the  literature.  Figure  7  shows  the  linearity 
between  concentration  and  optical  density  at  330  and  410  m/i. 


Figure  5.  Linearity  of  Vanadium  Concentration-Density  Relation 
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Figure  6.  Optical  Density  Spectra  of 
Molybdenum-Peroxide  Complex  in  Per¬ 
chloric  Acid  Solution 

It  was  believed  possible  to  determine  titanium,  vanadium,  and 
molybdenum  simultaneously  in  solution,  by  the  single  color  re¬ 
action  of  adding  hydrogen  peroxide,  if  the  optical  densities  of  the 
solution  were  measured  at  three  different  wave  lengths,  corre¬ 
sponding  to  the  absorption  peaks  of  the  three  complexes.  A  com- 


dium,  and  z  of  molybdenum, 
these  simultaneous  equations 
can  be  set  up: 

0.065  x  -  0.020  y  + 

0.208  z  =  D330 
0.304  x  +  0.074  y  + 

0.024  z  =  Dm 
0.205  x  +  0.100  y  + 

0.001  z  =  Dioo 


Solving 

gives: 


by  determinants 


x  =  7.01  D410  — 

0.57  Dm  -  5.46  Z)46o 
y  —  20.7  D460  — 

14.3  D410  1.55  D330 

z  =  5.12  D330  — 

3.57  D410  -f-  3.67  D460 

To  test  the  above  equa¬ 
tions,  several  known  solu¬ 
tions  containing  the  three 
ions  in  varying  proportions 
were  made  up,  and  analyzed 
by  measuring  the  optical 
densities  of  a  peroxidized 
portion  at  330,  410,  and 
460  m/i.  Table  III  shows 
that  the  results  are  fairly 
accurate.  This  method  is 
not  intended  to  replace  other 
methods  for  vanadium  and 
molybdenum,  but  rather  to 
furnish  an  interesting  ex¬ 
ample  of  the  possibilities  of 
the  spectrophotometer.  It  is  probable  that  increased  accuracy 
could  be  attained  by  a  careful  search  for  more  favorable  condi¬ 
tions — for  example,  the  absorption  of  titanium  and  vanadium 
at  330  m/i  is  not  strictly  linear. 
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Benzotriazole 

The  article  “Quantitative  Determination  and  Separation  of 
Copper  with  Benzotriazole”  by  J.  Alfred  Curtis  [Ind.  Eng. 
Chem.,  Anal.  Ed.,  13,  349  (1941)]  describes  favorable  results 
obtained  with  benzotriazole,  but  quotes  as  a  disadvantage  that 
the  reagent  is  an  expensive  one,  100  grams  costing  approximately 
$25.  Benzotriazole  in  good  purity  is  now  manufactured  for  use 
as  a  photographic  chemical.  The  current  quotation  for  4  ounces 
is  $4  and  for  1  pound  $12.50,  making  the  1-gram  quantities  used 
in  the  determination  inexpensive. 


Rapid  Method  of  Determining  Minute 
Quantities  of  Carbon  in  Metals 

J.  K.  STANLEY  AND  T.  D.  YENSEN 
Westinghouse  Research  Laboratories,  East  Pittsburgh,  Pa. 


A  rapid  method  for  the  determination  of  minute  amounts  of  carbon 
(under  0.01  %)  is  described.  Its  advantages  are  rapidity  of  analyses, 
(about  20  minutes),  great  sensitivity  (1  mm.  =  0.0001%  carbon), 
and  an  accuracy  of  ±0.0005%.  The  factors  which  affect  the  ac¬ 
curacy  and  reliability  of  the  method  are:  preheating  the  sample, 
temperature  and  time  of  oxidation,  effect  of  oxygen  pressure  on 
oxidation,  formation  of  carbon  monoxide,  effect  of  sulfur,  adsorbed 
carbon  dioxide,  accumulation  of  carbon  dioxide  on  standing,  and 
carbon  in  the  residues.  Both  milled  and  thin  strip  samples  can  be 
used;  precautions  necessary  in  their  preparation  are  discussed. 
Results  for  various  samples  of  materials  are  presented. 

PERHAPS  in  no  other  field  has  the  accurate  determination 
of  carbon,  below  0.01%,  been  of  such  commercial  impor¬ 
tance  as  in  the  study  and  use  of  soft  magnetic  materials.  It  is 
well  known  that  impurities  in  soft  magnetic  materials,  such  as 
oxygen,  sulfur,  nitrogen,  and  particularly  carbon,  must  be  kept 
low  to  obtain  low  hysteresis  loss  and  high  maximum  permea¬ 
bility  ( 1 ,  2).  In  order  to  control  the  amount  of  carbon  and  to 
study  its  effect  on  magnetic  properties,  methods  of  analysis  had 
to  be  developed  that  are  much  more  accurate  than  conventional 
methods  in  which  an  accuracy  of  only  ±0.01%  can  be  claimed. 
The  first  improved  method  was  developed  by  the  senior  author 
(7)  and  detailed  improvements  were  made  by  Ziegler  (9).  Other 
developments  have  included  separation  of  sulfur  dioxide  from  the 
carbon  dioxide  in  a  somewhat  modified  apparatus  ( 8 )  and  the  use 
of  high-frequency  heating  (&). 

Very  recently  Gurry  and  Trigg  ( 3 ),  U.  S.  Steel  Corporation, 
have  discussed  the  precision  and  accuracy  of  the  method  de¬ 
scribed  by  Wooten  and  Guldner  ( 6 ),  Bell  Telephone  Laboratories, 


and  Murray  and  Ashley,  General  Electric  Company,  have  re¬ 
viewed  their  procedure  (4).  Murray  and  Niedrach  have  since 
simplified  their  apparatus  by  substituting  stopcocks  for  mercury 
cutoffs  (5). 

While  improvements  in  technique  have  been  made,  the  basic 
principles,  as  devised  by  Yensen  (7)  in  1920  are  the  same  in  all 
present  apparatus: 

Evacuation  of  system  before  heating  the  sample. 

Heating  and  burning  the  sample  in  pure  oxygen. 

Freezing  out  water  and  possibly  sulfur  trioxide  with  dry  ice, 
and  carbon  dioxide  with  liquid  air  (oxygen  or/and  nitrogen). 

Determination  of  the  carbon  by  heating  the  frozen  out  carbon 
dioxide  to  room  temperature  and  letting  the  gas  expand  into  an 
evacuated  known  volume  and  observing  the  pressure. 

The  present  paper  shows  how  a  complete,  accurate  analysis 
can  be  made  in  20  minutes  instead  of  requiring  35  minutes  to  2 
hours  with  the  apparatus  used  by  the  above  authors  (3-6).  This 
presupposes  a  single  apparatus  operated  by  a  single  operator  in¬ 
cluding  weighing  and  blank  determinations.  (Murray  and  Ash¬ 
ley  state  that  by  using  four  separate  apparatus  a  single  operator 
with  the  assistance  of  one  laboratory  technician  can  analyze  at 
the  rate  of  one  sample  every  half  hour  during  an  8-hour  day. 
This  means  one  man-hour  per  analysis.  Murray  and  Niedrach 
state  that  by  their  simplified  apparatus  they  can  make  10  to  15 
analyses  in  one  8-hour  day,  which  means  35  to  48  minutes  per 
analysis.) 

APPARATUS 

The  authors’  latest  apparatus  for  determining  carbon  is  shown 
schematically  in  Figure  1  and  a  photograph  is  shown  in  Figure  2. 
The  apparatus  can  be  considered  as  comprising  the  oxygen  puri- 
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Figure  2.  Apparatus  for  Determining  Carbon 


fication  system,  the  combustion  unit,  and  the 
analyzing  section.  Not  shown  are  the  high-fre¬ 
quency  oscillator  and  the  vacuum  pump. 

Oxygen  Purification  System.  The  oxygen 
purification  system  is  shown  outlined  by  dot  and 
dash  fines  at  the  left  in  Figure  1.  Its  purpose 
is  to  remove  impurities  such  as  carbon  monoxide, 
carbon  dioxide,  methane,  and  water  from  the  oxy¬ 
gen  and  to  store  the  purified  gas  until  it  is  needed. 

This  is  done  by  admitting  oxygen  from  a  tank 
through  heated  platinized  asbestos  (converting  car¬ 
bon  monoxide  and  hydrocarbons  to  carbon  dioxide) 
into  an  evacuated  reservoir,  whence  it  is  slowly 
bubbled  through  liquid  oxygen  in  a  trap,  cooled 
with  liquid  air  (or  nitrogen)  into  evacuated  and 
flamed  storage  reservoirs  to  a  pressure  of  about 
half  an  atmosphere. 

The  oxygen  is  then  ready  to  use.  That  the  oxy¬ 
gen  is  sufficiently  pure  is  shown  by  the  fact  that  no 
measurable  amount  of  carbon  dioxide  is  obtained, 
when  the  usual  amount  of  oxygen  is  passed  through 
the  heated  furnace  and  analyzed— i.e.,  the  amount 
of  carbon  is  less  than  0.001  mg.  in  the  oxygen 
necessary  for  one  analysis.  No  increase  in  the 
blanks  has  been  noted  even  when  the  storage  oxy¬ 
gen  has  been  allowed  to  stand  for  several  weeks. 

Combustion  System.  The  combustion  tube 
is  of  a  simple  construction.  A  5-cm.  (2-inch) 
outside  diameter  satin-finished  quartz  tube  is 
supported  in  a  horizontal  position,  and  a  copper 
tube  coil  for  high-frequency  heating  is  slipped 
over  it. 

Inside  the  quartz  tube,  under  the  high-frequency 
coil,  is  located  a  pure  nickel  tube  which  is  used  to 
heat  the  nickel  boat  containing  the  sample  on  a 
bed  of  fused  (100-mesh)  alumina.  The  nickel 
tube  is  approximately  15  cm.  (6  inches)  long  and 
2.2  cm.  (7/g  inch)  in  inside  diameter  and  has  a 
0.16-cm.  (Vie-inch)  wall.  The  tube,  before  it  can 
be  satisfactorily  used,  is  carefully  decarburized  by 
annealing  the  tube  in  wet  hydrogen  at  1200°  C. 
for  about  50  hours.  (Hydrogen  saturated  with 
moisture  at  room  temperature,  3  to  4%  by  volume,  is  satisfac¬ 
tory.)  The  nickel  boat  (supplied  by  Fisher  Scientific  Company, 
Pittsburgh,  Pa.),  which  iseventually  filled  with  100-mestj  Alundum 
sand  (Alundum  for  carbon  analysis  furnished  by  the  Norton 
Company,  Worcester,  Mass.),  is  likewise  conditioned  by  pre¬ 
liminary  heating  in  wet  hydrogen. 

Analyzing  System.  The  analyzing  unit,  shown  at  the  right- 
hand  side  of  Figure  1,  consists  of  a  device  for  measuring  the  pres¬ 
sure  of  the  gas  in  a  calibrated  volume.  After  the  carbon  dioxide 
is  transferred  from  the  liquid  air  trap  to  the  calibrated  volume  by 
transferring  the  liquid  air,  the  right-hand  mercury  column,  3, 
is  raised.  The  carbon  dioxide  is  then  evaporated  and  confined 
to  a  small  calibrated  volume  by  adjusting  the  mercury  column 
to  a  predetermined  mark.  The  pressure  is  measured  by  reading 
the  difference  in  the  level  of  the  two  mercury  columns.  The 
smallest  calibrated  volume  has  been  so  chosen  that  1-mm.  pres¬ 
sure  corresponds  to  0.001  mg.  of  carbon,  or  0.0001%  carbon  in  a 
1-gram  sample.  A  second  mark  corresponds  to  a  volume  so 
chosen  that  1  mm.  is  equivalent  to  0.01  mg.  of  carbon,  and  a 
third  mark  so  that  1  mm.  is  equivalent  to  0.1  mg.  These  larger 
volumes  are  used  with  samples  of  higher  carbon  contents. 

The  'carbon  dioxide  and  the  glass  are  usually  warmed  to  room 
temperature  (25°  C.).  Small  variations  in  temperature  intro¬ 
duce  very  small  errors,  as  the  volume  is  changed  only  by  f/As 
of  its  volume  for  each  degree  of  change  in  temperature  ( =  1A%). 

PROCEDURE 

The  procedure  for  analyzing  a  sample  or  for  a  blank,  as  the 
case  may  be,  can  be  followed  by  referring  to  Figure  1. 

It  is  assumed:  (1)  that  there  is  powdered  dry  ice  on  trap  IV  to 
condense  water  and  possibly  sulfur  trioxide  from  the  gases  given 
off  by  the  combustion  system,  (2)  that  there  is  liquid  air  on  trap 
VI  to  prevent  back-diffusion  of  mercury  vapor  as  well  as  carbon¬ 
aceous  gases  from  the  vacuum  pumps,  (3)  that  vacuum  (house 
vacuum  of  10  to  20  mm.  of  mercury)  and  air  (a  small  leak  from 
the  compressed  air  fine)  are  connected  to  the  two-way  stopcock, 
g,  to  operate  the  mercury  in  the  cutoffs,  (4)  that  the  vacuum 
system  is  functioning  satisfactorily,  and  (5)  that  sufficient  oxy¬ 
gen  has  been  purified  and  stored  in  the  oxygen  reservoirs. 


In  order  to  isolate  the  combustion  furnace  from  the  evacuated 
analyzing  system,  mercury  cutoff  1  is  raised,  and  air  is  admitted 
into  the  quartz  tube  by  slowly  opening  the  two-way  stopcock, 
c,  to  the  atmosphere.  The  ground-glass  plug  at  the  end  of  the 
quartz  tube  is  removed  and  the  nickel  boat  is  pulled  out  with  a 
clean  steel  rod.  The  previously  fused  sample  is  taken  out  with 
clean  tweezers  and  any  remaining  debris  is  removed  with  a 
magnetized  spatula.  The  nickel  boat  is  then  ready  for  the  new 
sample,  usually  1  gram,  which  is  weighed  on  a  watch  glass  and 
carefully  transferred  to  the  combustion  boat.  After  the  boat  is 
placed  in  the  furnace  and  the  plug  replaced,  the  combustion  sys¬ 
tem  is  evacuated  with  the  house  vacuum  which  is  connected  to 
stopcock  c.  Then,  with  the  mercury  in  cutoffs  1,  2,  and  3  low¬ 
ered,  thus  connecting  the  combustion  system  to  the  high  vacuum 
system,  the  analyzing  and  combustion  systems  are  evacuated  to 
about  10-3  mm.  of  mercury  as  shown  on  the  thermocouple  gage. 
The  system  is  now  ready  for  burning  the  sample. 

The  mercury  in  cutoff  2  is  raised,  thus  disconnecting  the  vac¬ 
uum  pump,  and  pure  oxygen  to  a  pressure  of  160  to  180  mm.,  as 
measured  by  the  mercury  columns  of  the  cutoff,  is  let  into  the 
system  through  the  two-way  stopcock,  c.  The  power  is  then 
turned  on,  and  liquid  air  is  put  on  trap  V. 

The  temperature  of  the  boat  is  raised  to  1240°  C.  in  about  a 
minute,  and  the  sample  is  usually  treated  for  5  minutes.  If  the 
particles  are  very  coarse  (greater  than  go  through  a  20-mesh 
sieve),  the  correct  burning  time  is  decided  by  trials.  For  a  par¬ 
ticle  size  from  -20-  to  +  100-mesh,  5  minutes  usually  suffice. 

After  the  power  is  turned  off  the  excess  oxygen  is  pumped  out 
of  the  system  slowly  by  lowering  the  mercury  in  cutoff  2  and 
evacuating  the  whole  system  to  10“3  mm.  of  mercury.  During 
this  operation  the  liquid  air  is  kept  on  trap  V. 

To  carry  out  the  analysis,  the  mercury  in  cutoffs  1  and  2  is 
raised  to  isolate  the  analyzing  system  from  the  combustion  sys¬ 
tem  and  the  mercury  pumps.  The  carbon  dioxide  caught  in 
trap  V  is  transferred  to  the  calibrated  volume  by  warming  trap 
V  with  a  broad  Bunsen  flame  or  a  tube  of  warm  water  and  put¬ 
ting  a  small  Dewar  flask  filled  with  liquid  air  on  the  calibrated  vol¬ 
ume.  The  transfer  of  the  gas  can  be  followed  by  observing  the 
changes  in  readings  of  the  meter  connected  to  the  thermocouple 
gage.  When  all  gas  has  been  transferred  to  the  calibrated  vol¬ 
ume,  the  reading  of  the  gage  is  again  10" 8  mm.  of  mercury  and 
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the  mercury  in  cutoff  3  is  raised.  The  calibrated  volume  is  then 
warmed  until  the  temperature  is  close  to  room  temperature. 
With  the  mercury  at  one  of  the  marks  corresponding  to  one  of 
the  calibrated  volumes  the  pressure  of  the  carbon  dioxide  is  noted. 


TOTAL  TIME  FOR  A  SINGLE  DETERMINATION 

One  advantage  of  this  apparatus  for  determining  small  amounts 
of  carbon  is  the  short  time — namely,  20  minutes — required  to 
run  a  complete  analysis.  A  determination  can  be  run  in  15 
minutes  by  evacuating  to  0.01  mm.  instead  of  0.001,  but  some 
uncertainty  may  be  introduced  by  this  short  cut. 

A  typical  run  is  as  follows: 


12:00. 

12:06. 

12:11. 

12:15. 

12:17. 

12:18. 

12:20. 


Boat  in;  system  evacuated  to  10~3  mm.  of  mercury. 
Oxygen  into  apparatus;  power  on;  liquid  air  on  trap. 
Power  off,  combustion  complete;  system  evacuated. 
Carbon  dioxide  transferred  to  calibrated  volume. 
Carbon  dioxide  expanded  into  calibrated  volume; 

pressure  of  carbon  dioxide  read  in  mm. 

Burned  sample  removed.  New  sample  in. 
Evacuation  started  for  next  sample. 


FACTORS  AFFECTING  SENSITIVITY  AND  REPRODUCIBILITY 

Without  giving  detailed  data  the  effect  of  the  following  factors 
has  been  experimentally  determined: 

Preheating  the  Sample  in  Vacuum.  To  eliminate  adsorbed 
carbonaceous  gases,  a  preliminary  heating  in  vacuum,  while  de¬ 
sirable  for  certain  materials  like  electrolytic  iron,  can  usually  be 
dispensed  with,  as  the  amount  is  less  than  0.001%.  If  used, 
the  preheating  temperature  should  not  exceed  400°  C.  for  5 
minutes  (8). 

Time  and  Temperature.  For  materials  like  iron,  silicon- 
iron,  and  aluminum-iron  10  minutes  at  1100°  C.  or  5  minutes  at 
1200°  C.  are  sufficient  for  complete  oxidation  if  the  sample  is 
sifted  to  pass  20-mesh.  Nickel  and  high  nickel-iron  alloys  and 
other  temperature-resistant  alloys  must  be  mixed  with  2  to  3 
parts  of  unalloyed  iron  of  very  low  and  definitely  known  carbon 
content. 

Oxygen  Pressure.  The  oxygen  pressure  is  not  important  as 
long  as  there  is  a  surplus  of  oxygen  present  to  oxidize  the  carbon 
to  carbon  dioxide. 

Formation  of  Carbon  Monoxide.  The  formation  of  car¬ 
bon  monoxide  is  highly  improbable  from  thermodynamic  cal¬ 
culations,  and  experiments  have  failed  to  detect  any  measurable 
amount  under  the  conditions  existing  in  the  apparatus. 

Sulfur.  Correct  carbon  cannot  be  expected  for  samples  con¬ 
taining  an  appreciable  amount  of  sulfur  (more  than  0.001%), 
unless  a  dry  ice  trap  is  used  to  freeze  out  sulfur  trioxide  ahead  of 
the  liquid  air  trap. 

Extraneous  Carbon  Dioxide.  1.  Carbon  Dioxide  on 
Cold  Walls  of  System.  As  carbon  dioxide  is  readily  adsorbed 
on  the  cold  walls  of  the  system  one  of  two  alternatives  must  be 
used  to  avoid  errors  due  to  this  source : 

Flame  the  entire  system  from  the  combustion  tube  to  the 
liquid  air  trap  both  before  and  after  burning  the  sample;  or 
allow  the  system  to  become  saturated  with  adsorbed  carbon  di¬ 
oxide  and  do  not  disturb  it  by  heating  or  by  corona  discharge 
either  before  or  after  oxidation  of  the  sample — i.e.,  allow  the 
system  to  reach  the  equilibrium  conditions  as  far  as  adsorbed 
carbon  dioxide  is  concerned. 

The  second  alternative  is  the  one  used  by  the  authors,  and 
while  it  may  cause  a  slight  error  when  the  ambient  temperature 
changes  suddenly,  they  have  not  detected  any  trouble  due  to 
this  source. 

2.  Accumulation  of  Carbon  Dioxide  on  Standing.  Blanks 
run  after  the  apparatus  has  been  idle  for  some  time  (system 
closed  and  no  detectable  increase  in  pressure)  are  invariably 
higher  than  those  run  while  the  apparatus  is  being  operated  con¬ 


tinuously.  This  may  be  due  to  slow  diffusion  of  carbon  monox¬ 
ide  or  carbon  dioxide  from  the  outside  to  the  inner  walls  of  the 
combustion  tube  at  room  temperature.  The  heating  of  the  tube 
during  the  burning  of  the  sample — which  may  amount  to  400° 
to  500  °  C.  for  a  few  minutes — will  then  cause  this  gas  to  be  given 
off,  causing  high  results. 

Irrespective  of  the  reason  for  the  high  initial  blank  after 
standing,  a  short  heating  at  400°  C.  in  vacuum,  prior  to  intro¬ 
ducing  the  oxygen,  should  be  used  as  a  safety  measure  for  the 
first  blank  analysis  after  standing. 

3.  High  Results  Following  Analyses  of  High-Carbon  Samples. 
Analyses  tend  to  give  high  results  when  immediately  preceded 
by  an  analysis  of  a  high-carbon  sample.  For  example,  after 
analyzing  a  sample  containing  0.032%  carbon  a  low-carbon  sample 
gave  0.007%,  which  is  double  the  correct  value.  This  is  a  com¬ 
mon  occurrence,  and  is  undoubtedly  due  to  gas  adsorption  on 
the  walls  of  the  apparatus  and  failure  to  re-establish  standard 
conditions  prior  to  analyzing  the  next  sample.  It  is  therefore 
advisable  to  run  a  blank  analysis  after  analyzing  samples  of  high- 
carbon  content. 

Carbon  in  the  Residues.  Carbon  in  the  residues  can  be 
checked  either  before  or  after  removing  the  sample  from  the  ap¬ 
paratus.  If  complete  oxidation  has  taken  place,  we  may  find 
0.0001%  carbon  in  a  repeat  analysis.  Otherwise,  the  amount 
may  be  much  greater. 


BLANKS 

As  in  the  conventional  combustion  method,  a  blank  determina¬ 
tion  is  necessary,  although  it  is  of  a  different  order  of  magnitude. 
The  blank  corrections  will  vary  from  0.002  to  0.005  mg.  (0.0002 
to  0.0005%  in  a  1-gram  sample)  depending  upon  the  conditions 
in  the  apparatus.  Oxidation  at  increasingly  higher  temperatures 
or  oxidations  for  longer  times  will  cause  a  higher  blank  than 
under  standard  conditions.  For  a  given  set  of  conditions  the 
blank  is  remarkably  constant. 

Blanks  are  usually  determined  at  the  start  and  finish  of  the 
day  to  make  certain  that  the  apparatus  has  been  functioning 
correctly. 

When  the  apparatus  is  started  for  a  set  of  analyses  the  furnace 
must  first  be  flushed  out  and  heated  before  a  low  blank  can  be 
obtained.  As  previously  stated,  carbon  dioxide  appears  to  col¬ 
lect  on  the  inner  walls  of  the  system  overnight,  giving  rise  to  a 
high  initial  blank.  After  this  accumulated  carbon  dioxide  has 
been  removed,  a  low  blank  is  obtained  and  remains  low  through¬ 
out  continuous  analyses. 

PREPARATION  OF  SAMPLES 

As  in  all  accurate  analytical  work,  the  preparation  of  the 
samples  is  of  paramount  importance.  The  analysis  for  minute 
amounts  of  carbon  makes  necessary  extreme  care  to  avoid  car¬ 
bonaceous  contamination  due  to  handling  and  preparation. 

If  the  sample  is  in  the  form  of  millings  or  shavings  the  pre¬ 
ferred  size  of  particle  is  that  which  passes  through  a  20-mesh 
and  is  held  on  a  100-mesh  screen.  Particles  larger  than  this  are 
not  always  oxidized  completely,  and  smaller  particles  are  usually 
contaminated  by  minute  particles  from  the  high-carbon  tools. 
Thus,  for  a  sample  analyzing  0.005%  carbon  (-20-  to  +  100- 
mesh)  the  millings  that  passed  through  100-mesh  analyzed  from 
0.007%  for  the  coarsest  (-100-  to  +  150-mesh)  to  0.032%  for 
the  finest  (—325-mesh). 

One  way  of  avoiding  this  contamination  is  to  use  thin  strip 
0.0125  cm.  (0.005  inch)  if  the  material  can  be  cold-rolled.  The 
oil  squeezed  into  the  surface  of  the  strip  can  be  removed  by 
dipping  it  into  aqua  regia.  The  strip  is  then  cut  up  into  small 
pieces  by  shearing.  Analysis  of  such  samples  and  milled  samples 
(-20- to  +  100-mesh)  give  identical  results — for  example,  0.005  =*= 
0.0003%. 
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SENSITIVITY,  ACCURACY,  AND  REPRODUCIBILITY 

By  sensitivity  is  meant  the  amount  of  carbon  that  can  be  de¬ 
tected.  In  other  words,  the  sensitivity  is  given  in  terms  of  milli¬ 
meters  of  mercury  corresponding  to  a  given  carbon  content.  In 
the  authors’  apparatus,  the  volumes  are  so  chosen  that  with  the 
smallest  volume  1  mm.  of  mercury  corresponds  to  0.0001%  car¬ 
bon  and  with  the  third  volume  1  mm.  corresponds  to  0.01  %  carbon. 

The  reproducibility  is  the  closeness  with  which  a  single  deter¬ 
mination  can  be  checked.  With  a  carbon  content  of  0.01%  or 
less,  the  reproducibility  is  about  0.0005%  and  sometimes  less. 
The  variation  in  results  can  often  be  traced  to  nonuniformity  of 
carbon  distribution. 


Table  I.  Bureau  of  Standards  55a 


Date 

Serial  No. 

Carbon,  % 

2-18 

996 

0.0106 

997 

0.0101 

999 

0.0105 

3-6 

1009 

0.0100 

1010 

0.0101 

1018 

0.0107 

3-8 

1019 

0.0102 

1020 

0,0106 

1027 

0.0106 

Av.  0.0104  ±  0.0002 


The  accuracy  of  any  method  of  analysis  is  determined  either 
by  comparison  with  results  by  other  methods,  using  standard¬ 
ized  samples,  or  analysis  of  a  suitable  known  compound.  Car¬ 
bon  obtained  by  the  standard  combustion  method  and  by  the 
present  method  using  samples  with  more  than  0.01%  carbon  has 
been  compared  in  this  laboratory  with  reasonably  good  agree¬ 
ment,  and  such  agreement  has  also  been  reported  in  the  litera¬ 
ture  by  others.  Various  workers  have  confirmed  the  conclusions 
that  the  accuracy  of  the  present  method  is  much  superior  to  that 
of  the  standard  combustion  method  for  samples  with  less  than 
0.01%  carbon.  On  the  other  hand,  analysis  of  Bureau  of  Stand¬ 
ards  sample  55a  by  the  present  method  invariably  leads  to  values 
of  carbon  lower  by  0.002  to  0.003%  than  the  certified  value  of 
0.014%  carbon.  The  present  method  has  also  been  checked  by 
using  pure  calcium  carbonate  with  excellent  results,  the  deviation 
from  the  calculated  value  being  of  the  order  of  ±0.0003%  car¬ 
bon  (S). 

SAMPLES 

Unalloyed  iron,  carbon-steels,  iron-silicon  alloys,  and  iron- 
aluminum  alloys  are  not  difficult  to  oxidize.  Difficulty  is  en¬ 
countered  with  materials  like  pure  nickel  and  several  types  of 
chromium-nickel  alloys. 

Materials  which  are  difficult  to  oxidize  must  first  be  milled  to 
a  fine  size  and  then  mixed  with  a  considerable  amount  of  easily 
oxidized  material,  like  iron.  To  oxidize  nickel,  for  example,  it 
is  necessary  to  mix  it  with  four  times  as  much  silicon-iron  of 
known  carbon  content.  Increasing  the  temperature  or  prolong¬ 
ing  the  oxidation  time  does  not  aid  appreciably  in  getting  out  the 
carbon.  The  best  expedient  is  to  dilute  the  material  with  some 
material  that  is  readily  oxidized.  This  naturally  decreases  the 
accuracy. 

Bureau  of  Standards  Sample  55a.  Bureau  of  Standards 
Sample  55a,  reported  to  contain  0.014%  carbon,  was  analyzed 
nine  times  with  the  results  shown  in  Table  I.  This  0.0104  ± 
0.0002%  is  in  good  agreement  with  results  obtained  by  other 
laboratories.  Wooten  and  Guldner  (6)  obtained  an  average  of 
0.0108  ±  0.0001  %  for  nine  analyses. 

In  connection  with  the  cooperative  carbon  analyses  conducted 
by  the  Bureau  of  Standards  in  1935-36,  using  the  bureau’s 
sample  55a,  the  senior  author  reported  to  the  bureau  on  April  23, 
1936: 


Adsorbed  carbon  (given  off  in  vacuum  at  600°  C.)  0.0005% 

True  carbon  in  sample  (obtained  by  oxidation  at 

1050°  C.  after  eliminating  adsorbed  carbon)  0.0109% 

Total  0.0114% 

This  value  (0.0114%)  was  reported  in  order  to  make  the  result 
comparable  with  values  obtained  by  “conventional”  methods 
which  include  adsorbed  carbon. 

Another  sample  analyzed: 

Adsorbed  carbon  0.0014% 

True  carbon  0.010^% 


Total  0.0115% 


Here  was  a  deviation  in  “true  carbon”  of  ±0.0004%  for  an 
average  value  of  0.0105%,  which  happens  to  be  the  same  value 
as  reported  in  the  present  paper — namely  0.0104%. 

After  the  above  report  was  made,  a  letter  was  received  from 
the  bureau  suggesting  that  the  analysis  be  repeated  at  a  higher 
temperature.  This  was  done,  going  to  1115°  C.  (the  maximum 
that  the  quartz  tube  would  stand  without  collapsing.  At  that 
time  high  frequency  heating  was  not  used)  with  the  following 
results: 

Adsorbed  carbon  0.0011% 

True  carbon  (at  1115°  C.)  0.0127% 

Total  0.0138% 

It  is  possible  that  in  this  case  more  complete  combustion  was 
obtained  than  at  1050°  C.,  because,  as  stated  in  the  letter  to  the 
bureau:  “In  examining  the  samples  after  analysis,  we  find  that 
the  samples  burned  at  1050°  C.  contain  cores  of  metallic  iron, 
whereas  those  burned  at  1115  do  not.  .  .  .” 

However,  the  fact  that  the  present  method  gives  a  value  of 
0.0104,  which  is  in  agreement  with  the  results  of  Wooten  and 
Guldner,  indicates  that  the  first  value  was  correct,  and  that  the 
higher  value,  obtained  at  1115°,  was  due  to  some  cause  that  can¬ 
not  be  accounted  for. 


No. 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Table  II.  WECO  Standard,  CB-S 


Serial  No. 

Carbon,  % 

972 

0 . 0046 

973 

0 . 0050 

980 

0.0034 

981 

0.0048 

982 

0.0042 

983 

0.0041 

987 

0 . 0043 

988 

0.0035 

989 

0.0035 

991 

0.0039 

Av.  0.0041  ±  0.00045 


The  above  discrepancy,  irrespective  of  the  cause,  is  not  the 
fault  of  the  analyzing  part  of  the  apparatus,  which  was  capable  of 
analyzing  the  carbon  dioxide  obtained  from  the  combustion  tube 
with  an  accuracy  of  ±0.0001%  in  a  1-gram  sample.  Either  the 
sample  was  too  coarse  or  the  combustion  part  was  not  capable 
of  completely  burning  the  sample  without  introducing  other 
difficulties.  These  difficulties  have  now  been  overcome  by  means 
of  the  improvements  embodied  in  the  apparatus  described  in  this 
paper  as  well  as  in  those  described  by  other  authors. 

Silicon  Iron.  Analysis  of  a  standardized  sample  of  silicon 
iron  of  low-carbon  content,  milled  and  sifted  to  -20-  to  +100- 
mesh,  shows  the  variations  that  can  usually  be  expected. 
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Determination  of  Ethylene 

A.  W.  FRANCIS  AND  S.  J.  LUKASIEWICZ,  Socony-Vacuum  Oil  Co.,  Inc.,  Paulsboro,  N.  J. 


For  the  determination  of  ethylene,  22%  mercuric  sulfate  in  22% 
sulfuric  acid  is  more  satisfactory  than  72  to  95%  sulfuric  acid  acti¬ 
vated  with  silver  sulfate.  The  proposed  reagent  does  not  attack 
paraffins;  it  absorbs  ethylene  irreversibly;  and  it  does  not  absorb 
carbon  monoxide  or  hydrogen.  Carbon  dioxide  and  olefins  heavier 
than  ethylene  should  be  preliminarily  removed  from  the  gas  sample. 
The  reagent  may  be  used  also  for  determination  of  total  olefins. 

BROMINE  solutions  and  fuming  sulfuric  acid  are  unsatis¬ 
factory  for  the  determination  of  ethylene  because  they  at¬ 
tack  paraffins  (4,  7).  Concentrated  sulfuric  acid  activated  with 
1%  vanadium  pentoxide  or  0.6%  silver  sulfate  (4)  is  unsatisfac¬ 
tory  for  the  same  reason  ( 3 ).  A  solution  of  3.5%  silver  sulfate 
in  72%  sulfuric  acid  (3),  although  satisfactory  in  this  respect,  has 
been  found  to  be  unreliable  because  the  absorption  of  ethylene 
in  it  is  reversible  and  therefore  not  quantitative.  In  fact,  after 
a  few  determinations  a  sample  of  air  or  inert  gas  actually  desorbs 
ethylene  from  the  reagent  and  increases  in  volume.  The  dis¬ 
solved  ethylene  is  not  gradually  hydrated,  because  even  after  6 
months’  standing  it  can  still  be  desorbed.  Moreover,  it  was 
found  that  87%  sulfuric  acid  containing  9%  silver  sulfate  absorbs 
carbon  monoxide,  as  well  as  liberates  ethylene  after  use. 

A  reagent  which  satisfies  the  requirements  of  complete  irre¬ 
versibility  and  selectivity  for  olefin  gases  with  respect  to  most 
other  probable  gases  present  is  a  solution  of  mercuric  sulfate  in 
22%  sulfuric  acid.  Other  mercury  salts  likewise  absorb  olefins. 
The  solubility  of  mercuric  chloride  in  water  is  so  low,  7%,  that 
absorption  of  ethylene  is  slow.  Mercuric  nitrate  (2)  and  mer¬ 
curous  nitrate  solutions,  which  require  nitric  acid  to  prevent 
hydrolysis,  may  become  mildly  explosive  when  combined  with 
large  amounts  of  olefins.  They  also  leave  acid  gases  in  the 
sample.  Mercuric  acetate,  which  forms  a  25%  solution  in  water 
without  hydrolysis,  is  satisfactory  except  for  the  theoretical  ob¬ 
jection  that  the  aqueous  vapor  pressure  from  it  is  slightly  higher 
than  that  of  the  confining  liquid  in  the  gas  buret,  concentrated 
sodium  sulfate.  Furthermore,  a  drop  of  either  solution  in  the 
other  gives  a  heavy  precipitate. 

Mercury  complexes  with  olefins  are  reviewed  by  Hugel  and 
Hibou  ( 6 ),  and  the  structures  of  some  of  them  are  elucidated  by 
Adams,  Roman,  and  Sperry  ( 1 ).  Winbladh  (9)  determined  iso¬ 
butene  with  a  solution  of  mercuric  oxide  in  sulfuric  acid,  but  other 
olefins  by  bromination.  It  is  not  clear  from  the  abstract  how  he 
distinguished  between  isobutene  and  the  other  olefins. 

The  recommended  solution  is  made  up  by  dissolving  about  57 
;rams  of  mercuric  sulfate  in  200  grams  of  22%  sulfuric  acid,  or 
by  dissolving  41  grams  of  mercuric  oxide  in  216  grams  of  29% 
sulfuric  acid,  and  filtering  if  necessary  to  remove  any  undissolved 
particles.  A  concentration  of  acid  below  13%  permits  hydrolysis 
(yellow  precipitate),  and  a  concentration  above  24%  diminishes 
solubility  (white  precipitate).  This  is  illustrated  in  Figure  1, 
.vhich  presents  data  recalculated  from  those  of  Hoitsema  (5).  A 
solution  of  any  composition  below  the  curve  may  be  made  and 
ised.  The  recommended  solution  has  a  specific  gravity  of  about 
1.37. 

Since  there  is  some  sludge  formation  on  continued  use,  it  may 
oe  preferable  to  use  the  reagent  in  a  pipet  packed  with  beads  or 
:ubes  rather  than  in  a  Francis  autobubbler,  whose  holes  might 
oecome  plugged.  The  ultimate  capacity  of  the  reagent  is  caten¬ 
ated  on  an  equimolar  basis  as  25  volumes  or  5  liters  in  a  200-ml. 
oipetful.  After  3  liters  of  pure  ethylene  had  been  absorbed, 
However,  the  rate  of  solution  had  become  excessively  slow.  A 
90-ml.  sample  of  air  passed  into  this  solution  still  returned  un¬ 
changed  in  volume,  indicating  no  reversible  absorption. 

Since  the  reagent  also  absorbs  other  olefins,  it  is  necessary  to 
remove  them  first  when  present  with  appropriate  concentrations 
of  sulfuric  acid  (7).  Butadiene  is  dissolved  as  in  the  case  of  mer¬ 


curic  nitrate  (2).  Carbon  dioxide  also  is  absorbed  slowly  by 
mercuric  sulfate  and  so  should  be  first  removed  with  potassium 
hydroxide  solution.  Carbon  monoxide  and  hydrogen  are  not 
absorbed  by  the  solution. 


TESTS 

Following  are  some  tests  with  this  mercuric  sulfate  solution  in 
comparison  with  Eberl’s  silver  sulfate  solution.  Both  solutions 
were  made  up  fresh  and  used  for  these  analyses  alone. 

A.  A  gas  mixture  containing  35%  of  ethylene  and  65%  of 
propane  by  volume  w-as  prepared  using  Matheson’s  chemically 
pure  ethylene  and  propane.  Samples  of  100  ml.  were  analyzed 
in  a  conventional  Orsat  apparatus  using  Francis  autobubblers. 
A  sample  was  passed  through  the  reagent  (about  30  seconds  each 
way)  until  the  absorption  was  complete  or  until  a  constant  read¬ 
ing  was  attained: 

Sample  1  2  3  4  5 

Absorption  in  HgSO<,  ml.  35.0  35.0  35.0  35  0 

Absorption  in  Ag2SCb,  ml.  34.6  34.8  33.8  33.4  32.8 

Ten  passes  were  required  for  complete  absorption  in  mercuric 
sulfate  solution,  and  the  results  agreed.  With  Eberl’s  solution 
fifteen  passes  were  required,  and  the  absorption  became  incom¬ 
plete  as  the  reagent  was  used  repeatedly.  The  fifth  sample 
showed  a  decrease  of  about  6%  of  the  apparent  olefin  content; 
but  when  the  sample  was  passed  into  the  mercuric  sulfate  solu¬ 
tion,  2.2  ml.  additional  were  absorbed. 

B.  A  synthetic  mixture  free  from  air  was  made  containing 
40%  ethylene  and  60%  w-butane  using  Matheson’s  chemically 
pure  gases,  and  analyzed  with  the  same  solutions  as  in  A.  From 
100-ml.  samples  the  mercuric  sulfate  dissolved  40.0  ml.  but  the 
silver  sulfate  solution  only  37.6  ml.  When  the  latter  sample  was 
passed  into  the  mercuric  sulfate,  the  remaining  2.4  ml.  of  ethyl¬ 
ene  were  absorbed. 

C.  Desorption.  A  sample  of  80.0  ml.  of  Matheson’s  chemi¬ 
cally  pure  n-butane  was  passed  into  the  silver  sulfate  solution 
used  in  A  and  B  (six  samples).  After  twelve  passes  the  volume 
had  increased  to  83.2  ml.  This  sample  was  reduced  again  to 
80.0  ml.  by  passing  into  the  mercuric  sulfate  solution  three  times. 
A  fresh  sample  of  n-butane  showed  no  change  in  volume  on  pass¬ 
ing  into  the  mercuric  sulfate  reagent  several  times. 

A  pipetful  of  Eberl’s  silver  sulfate  solution  was  saturated  with 
600  ml.  of  ethylene,  and  left  standing.  Occasionally  a  fresh 
sample  of  90.0  ml.  of  air  was  bubbled  into  this  solution  (one  pass), 
returned  to  the  buret,  and  measured  as  follows: 


Time,  days  1  3  8  17  33  101 

Volume,  ml.  97.9  97.6  96.0  96.0  96.3  96.3 


200 

94.2 


The  volume  of  desorbed  ethylene  is  evidence  that  hydration 
by  the  acid  is  extremely  slow,  if  it  occurs  at  all. 


Figure  t .  Solubility  of  Mercuric  Sulfate  in  Aqueous  Sulfuric  Acid 
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Table 

.  Mass 

Spectrograph  Analysis, 

Mole  % 

HgS04 
Analysis, 
Mole  % 

Sample 

No. 

CjH« 

C3H1 

C4H, 

ISO-C4H10 

71-C4H10 

Total 

Olefin 

Total 

Olefin 

1 

14.0 

0.5 

0.3 

85.2 

0.0 

14.3 

14.2 

2 

13.9 

0.3 

0.3 

85.5 

0.0 

14.2 

14.3 

3 

13.3 

0.5 

0.1 

86.0 

0.1 

13.4 

13.3 

4 

7.3 

0.6 

0.0 

'  91.5 

0.0 

7.9 

8. 1 

D.  Effect  of  Hydrogen  and  Carbon  Monoxide.  Samples 
of  pure  hydrogen  and  carbon  monoxide  and  duplicate  samples  of  a 
mixture  of  51%  carbon  monoxide  and  49%  ethylene  were  ana¬ 
lyzed  with  the  mercuric  sulfate  solution  in  a  pipet  packed  with 
vertical  tubes,  leaving  the  sample  in  the  pipet  30  seconds  be- 


tween  passes: 

Passes 

Pure  H2 

Pure  CO 

Mixture  (49%  C2H4) 

Ml. 

Ml. 

Ml. 

Ml. 

0 

100.0 

100.0 

100.0 

100.  ( 

1 

100.0 

100.0 

82.0 

84.; 

2 

100.0 

100.0 

71.4 

73.  ( 

3 

100.0 

100.0 

63.9 

65. 1 

4 

100.0 

100.0 

56.2 

58. ! 

5 

100  0 

100.0 

52.3 

53 . 1 

6 

100.0 

100.0 

51.1 

51 . 

7 

100.0 

100.0 

50.9 

50. 1 

10 

100.0 

100.0 

50.9 

50. 1 

E.  Commercial  Samples.  Twenty-nine  samples  of  experi¬ 
mental  gases  which  varied  in  total  olefin  content  from  2  to  30% 
were  analyzed  both  by  the  mass  spectrograph  ( 8 )  and  by  ab- 
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sorption  into  the  mercuric  sulfate  reagent.  Results  by  the  two 
methods  differed  by  an  average  of  0.7%,  which  is  the  order  of 
uncertainty  of  the  former  method.  Analyses  of  four  of  these 
samples,  which  happened  to  be  free  of  ethylene  but  contained 
higher  olefins,  are  indicated  in  Table  I. 
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Colorimetric  Determination  of  DDT 
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A  colorimetric  method  has  been  developed  for  the  estimation  of 
small  amounts  of  DDT  down  to  about  10  micrograms.  The  method 
involves  intensive  nitration  and  the  production  of  colors  by  the 
nitrated  products  in  benzene  plus  methanolic  sodium  methylate. 
This  color  reaction  can  also  be  used  as  a  test  for  degradation  products 
of  DDT  and  some  compounds  related  to  it. 

THE  extraordinary  development  of  the  insecticide  commonly 
known  as  DDT  (1,  7)  has  made  the  need  for  a  sensitive 
method  of  detection  and  determination  rather  urgent.  A 
method  which  could  detect  small  amounts  of  DDT  would  find 
application  in  such  fields  of  study  as  spray-residue  determina¬ 
tions,  water  analyses,  and  pharmacological  investigations. 
Much  of  the  analytical  work  on  DDT  has  depended  on  chlorine 
determinations.  Either  the  “labile”  chlorine  split  out  on  de¬ 
hydrochlorination  by  alcoholic  alkali  can  be  determined,  as 
recommended  by  Neal  et  al.  (21)  and  by  Gunther  (9),  or  else  the 
total  chlorine  can  be  determined  by  some  method  such  as  the 
Parr  bomb,  Carius,  or  Umhoefer  (26),  or  by  a  modification  of  the 
Winter  method  proposed  by  Hall  et  al.  (12). 

The  labile-chlorine  method  determines  only  1  chlorine  atom  per 
molecule  of  DDT,  whereas  the  total-chlorine  methods  determine  5 
chlorine  atoms  per  molecule.  If  DDT  completely  decomposes  to 
dehydrochlorinated  DDT,  the  former  method  would  yield  no 
chlorine  while  the  latter  group  would  determine  4  chlorine  atoms 
per  molecule.  If  a  total-chlorine  method  is  used  as  the  sole 
method  of  determination,  no  measure  of  .decomposition  of  the 
DDT  can  be  obtained.  .Both  labile  and  total  organic  chlorine 
must  be  determined  in  order  to  prove  the  presence  of  DDT  or 
to  detect  its  decomposition.  All  these  chlorine  determinations 
run  into  difficulty  when  the  amount  of  DDT  is  less  than  about  1 


mg.,  and  they  lack  specificity.  Furthermore,  there  is  no  method 
based  on  chlorine  determinations  by  which  the  amounts  of  p,p'- 
DDT  and  o,p'-DDT  present  in  mixtures  can  be  estimated. 

The  terms  used  in  this  paper  to  designate  DDT  and  related 
compounds  are  as  follows:  The  generic  term  DDT  ,  originally 
abbreviated  from  dichlorodiphenyltrichloroethane,  refers  to  the 
technical  product,  which  ordinarily  contains  70  to  77%  of  p,p- 
DDT  [  l-trichloro-2,2-bis(  p-chlorophenyl)  ethane]  and  15  to  25% 
.of  0,j)'-DDT  [l-trichloro-2-o-chlorophenyl-2-p-chlorophenyl)- 
ethane].  One  of  the  minor  constituents  is  l,l-dichloro-2,2-bis(p- 
chlorophenyl)  ethane  which  has  been  designated  as  p,p-DDU 
(22)  Gunther  (11)  has  pointed  out  his  error  concerning  the 
term  “p  p'-DDD”  made  in  a  previous  article  (10).  This  com¬ 
pound  has  been  named  “l,l-dichloro-2,2-bis(p-chlorophenyl)- 
ethane”  in  the  present  paper  in  conformity  with  the  latesi 
Chemical  Abstracts  nomenclature.  The  chemical  composition  oi 
technical  DDT  is  described  by  Gunther  (10)  and  by  Haller,  Bart¬ 
lett  Drake,  Newman,  and  others  (13).  Dehydrochlonnatec 
/;  n’-DDT  [  1 , l-dichloro-2,2-bis(p-chloropheny  1) ethylene]  is  i 
decomposition  product  and  bis(p-chlorophenyl) acetic  acid  (8 
27)  which  has  been  called  p,p'- DDA,  is  a  metabolite  of  p,p 
DDT. 

A  search  was  made  to  find  a  suitable  color  reaction  for  DDT 
which  could  be  made  the  basis  of  a  colorimetric  analytical  method 
Some  of  the  exploratory  work  done  in  this  direction  is  outline! 
below: 

Tests  for  the  trichloromethyl  group  using  pyridine  and  alkali 
resorcinol  and  alkali,  or  /3-naphthol  and  alkali,  as  described  b. 
Snell  and  Snell  (23),  were  all  negative.  Boiling  ethanolic  silve 
nitrate  gave  no  precipitate  of  silver  chloride.  Nitration  of  DDT 
reduction,  and  diazotization,  followed  by  coupling  with  a  suitabl 
compound,  give  a  color  (orange  with  /3-naphthol) .  Althougl 
this  line  of  attack  could  probably  be  developed  into  a  method  fo 
the  analysis  of  DDT,  it  was  not  pursued  further  because  it  wa 
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believed  to  be  subject  to  interference  from  many  aromatic  com¬ 
pounds  which  could  also  be  nitrated,  reduced,  diazotized,  and 
i  coupled.  Intensive  nitration  followed  by  reaction  of  an  acetone 
solution  of  the  nitrated  derivative  with  alkali  gives  a  red  color. 
This  test  would  also  be  subject  to  interference  from  many 
aromatic  compounds  (3).  Intensely  nitrated  DDT  gives  a 
positive  violet-red  test  when  heated  with  the  chemical-warfare 
reagent  DB-3  {28),  which  might  be  useful  for  field  tests.  Iies- 
cently  two  new  colorimetric  methods  for  DDT  have  been  de¬ 
scribed  (2,  25). 

The  method  described  in  this  paper  depends  on  intensive  nitra¬ 
tion  to  polynitro  derivatives  and  the  production  of  intense  colors 
upon  addition  of  methanolic  sodium  methylate  to  a  benzene 
solution  of  the  nitration  products  (22).  p,p'-DDT  and  p,p'- 
DDD  give  blue  colors,  and  o,p'-DDT  gives  a  violet-red  color. 
Degradation  products  of  DDT,  such  as  dehydrochlorinated  p,p'- 
DDT  and  p,p'-DDA  ( 8 ,  27),  yield  red  colors.  With  the  use  of 
these  reactions,  a  colorimetric  analytical  method  was  developed. 
Although  all  the  factors  and  possible  variations  at  each  step  of  the 
analysis  were  not  completely  investigated,  it  is  believed  that  the 
following  description  will  satisfy  the  immediate  need  for  a  sensi¬ 
tive  method  of  analysis  for  DDT  by  chemists,  entomologists,  and 
pharmacologists  concerned  with  its  wartime  applications  and 
public-health  aspects. 

APPARATUS 

Glass  Beads,  2  or  3  mm. 

Test  Tubes,  22  X  175  mm.,  with  rims,  to  be  used  for  nitra¬ 
tions. 

Separatory  Funnels,  125-ml.  capacity.  The  glass  stoppers 
should  be  ground  to  fit  very  well.  By  attaching  them  with 
Nichrome  wire,  they  can  be  suspended  loosely  in  the  necks  of  the 
funnels  while  solutions  are  being  drained.  Stopcocks  should  be 
greased  occasionally  with  a  good  grade  of  stopcock  lubricant; 
vaseline  is  too  thin.  After  each  new  greasing  the  excess  grease 
should  be  removed  by  pouring  ether  or  chloroform  into  the  funnel 
and  rotating  the  stopcock  as  the  solvent  drains.  After  each 
analysis  the  separatory  funnels  should  be  rinsed  several  times 
with  warm  water  before  being  used  again. 

Glass  Gooch-Crucible  Holders.  Body  about  25  mm.  in 
diameter  and  about  75  mm.  long,  stem  about  30  mm.  long. 


SOLVENTS  AND  REAGENTS 

Nitrating  Acid.  A  mixture  of  c.p.  fuming  nitric  acid  (sp.  gr. 
1.49-1.50)  and  c.p.  concentrated  sulfuric  acid  (sp.  gr.  1.84),  1  to  1 
by  volume. 

Sodium  Hydroxide  Solution,  2%. 

Sodium  Chloride  Solution.  Distilled  water  saturated  with 
c.p.  sodium  chloride.  Technical  salt  is  unsatisfactory  because  of 
dirt  and  colored  impurities  extractable  by  ether. 

Cotton.  Extracted  with  acetone  in  a  Soxhlet  extractor,  dried 
for  several  hours  at  105°  to  110°  C.,  and  stored  in  a  tightly 
stoppered  bottle. 

Ether.  U.S.P.  grade  distilled  before  use.  Ether  that  has 
been  standing  long  enough  to  accumulate  peroxides  and  alde¬ 
hydes,  or  has  been  recovered  after  use  in  this  method  is  unsatis¬ 
factory  and  should  be  purified  before  it  is  used  again. 

Benzene,  c.p.,  dry.  It  is  conveniently  dried  by  distilling 
through  a  straight  condenser  until  no  more  water  distills  over 
with  the  benzene,  and  then  replacing  the  condenser  with  a  dry  one 
and  continuing  the  distillation.  Benzene  that  has  been  used  in 
this  method  to  dissolve  the  nitrated  residues  or  to  make  dilutions 
thereof  may  be  accumulated  and  recovered  for  reuse  by  distilla¬ 
tion. 

Sodium  Methylate  Solution,  10.0  =±=0.1%  (concentrations 
are  expressed  as  weight  per  unit  volume  throughout  this  paper)  of 
sodium  methylate  in  dry  c.p.  methanol  (10.0  grams  per  100  ml.  of 
solution) .  An  excellent  method  (18)  of  drying  the  methanol  is  to 
reflux  with  magnesium  turnings  (5  to  10  grams  per  liter  of 
methanol)  and  a  small  amount  of  iodine  until  the  magnesium  has 
completely  dissolved  and  then  to  distill  with  the  exclusion  of 
moisture.  The  solution  is  prepared  by  dissolving  the  requisite 
amount  of  perfectly  clean  sodium  or  a  good  grade  of  powdered 
sodium  methylate  (available  commercially)  in  the  dried  methanol 
with  cooling,  using  a  stirrer  and  a  reflux  condenser  protected  by  a 
soda-lime  tube.  An  aliquot  of  a  clear  portion  of  this  solution 
should  be  diluted  with  water  and  titrated  with  standard  hydro¬ 
chloric  acid,  phenolphthalein  being  used  as  the  indicator.  The 


concentration  of  the  solution  should  be  adjusted  to  10.0  =±=0.1% 
by  the  addition  of  sodium  or  sodium  methylate  or  by  dilution  with 
dry  methanol. 

The  sodium  methylate  solution  that  is  added  to  the  benzene  to 
develop  the  color  should  be  colorless  and  optically  clear.  If  the 
sediment  does  not  settle  completely  on  standing,  the  solution 
should  be  filtered  or  centrifuged.  Occasionally  a  turbidity  or 
precipitate  of  crystalline  material  (probably  sodium  carbonate) 
will  form  when  the  centrifuged  sodium  methylate  reagept  is 
added  to  the  benzene  solutions.  This  difficulty  can  be  obviated 
largely  by  cooling  the  standardized  solution  in  a  refrigerator  for  a 
day  or  two,  centrifuging  while  cold,  and  decanting  into  another 
container. 

Acetone,  technical.  Redistilled  before  using. 

PROCEDURE 

Preparation  of  Sample  for  Analysis.  Unless  the  total 
sample  has  very  little  DDT  (less  than  100  micrograms),  it 
is  advantageous  to  use  a  portion  of  the  sample  which  contains 
a  reasonably  large  amount  of  DDT  (0.5  mg.  to  several 
milligrams).  It  will  then  be  possible  to  take  an  aliquot  at 
the  end  of  the  procedure  for  the  development  of  the  color. 
Extract  or  strip  the  DDT  from  the  sample  with  a  suitable 
solvent  and  evaporate.  Using  acetone,  transfer  the  residue  or  an 
aliquot  thereof  to  a  test  tube  for  the  nitration.  In  some  cases, 
the  aliquot  may  be  taken  directly  from  the  extract  before  its 
evaporation.  Care  must  be  taken  not  to  lose  any  of  the  sample 
mechanically  during  the  evaporation  of  solvents  prior  to  the 
nitration.  The  best  procedure  for  evaporating  organic  solvents 
is  to  add  a  glass  bead,  immerse  the  test  tube  about  one  third  of  its 
length  in  a  steam  bath,  and  shake  gently  until  the  glass  bead 
bounces  and  ebullition  starts.  When  the  solvent  has  been  com¬ 
pletely  boiled  out,  remove  the  last  traces  by  inserting  a  glass  tube 
attached  to  a  source  of  vacuum  one  third  of  the  way  into  the  test 
tube  for  at  least  half  a  minute,  while  it  is  still  being  heated.  Un¬ 
less  the  solvent  is  completely  removed,  it  may  react  violently 
with  the  nitrating  mixture  in  the  next  step  of  the  procedure.  If 
benzene  or  an  aromatic  solvent  has  been  used,  add  5  ml.  of  ethanol 
and  evaporate  to  dryness  in  the  same  manner  in  order  to  remove 
the  aromatic  solvent  by  azeotropic  distillation. 

Nitration  of  Sample.  Cool  the  test  tube  in  a  beaker  of  cold 
water  and  with  a  pipet  add  2.0  or  5.0  ml.  of  the  nitrating  acid. 
Immerse  the  test  tube  one  third  to  one  half  its  length  in  a  steam 
bath  and  heat  for  1  hour.  Since  nitrations  of  even  small  quanti¬ 
ties  of  materials  may  sometimes  be  violent,  safety  precautions 
should  be  observed.  If  there  is  much  extraneous  material, 
it  is  advisable  to  place  the  test  tube  in  ice-cold  water,  add  cooled 
nitrating  acid,  and  warm  the  tube  cautiously  to  prevent  a  sudden 
or  violent  nitration.  When  the  initial  reaction  has  subsided,  the 
tube  may  be  heated  at  100  °  with  safety.  After  the  1-hour  nitra¬ 
tion,  cool  the  test  tube  in  a  beaker  of  cold  water,  add  25  ml.  of  ice- 
cold  distilled  water,  and  mix  by  gentle  swirling.  This  stops  the 
nitration,  and  the  test  tube  may  be  left  overnight  if  desired. 

Extraction  of  Nitrated  Product.  Rinse  the  contents  of 
the  test  tube  quantitatively  through  a  small  funnel  into  a  125-ml. 
separatory  funnel  with  about  25  ml.  of  water  from  a  wash  bottle 
and  50  ml.  of  ether.  A  small,  irregularly  shaped  piece  of  glass 
placed  in  the  funnel  used  for  the  transfer  will  prevent  the  glass 
bead  from  falling  into  the  separatory  funnel.  Shake  vigorously 
for  at  least  1  minute.  After  the  layers  have  separated  clearly, 
draw  off  and  discard  the  lower  layer.  Wash  the  ether  with  10-ml. 
portions  of  2%  aqueous  sodium  hydroxide  until  the  washings  are 
alkaline;  one  washing  may  be  sufficient.  Then  wash  the  ether 
with  two  10-ml.  portions  of  salt  solution.  The  final  salt  wash 
should  be  drawn  off  as  completely  as  possible.  Pack  a  0.75-inch 
plug  of  cotton  tightly  in  a  glass  Gooch-crucible  holder,  moisten  it 
with  ether,  and  allow  the  ether  solution  from  the  separatory  fun¬ 
nel  to  filter  slowly  into  a  125-ml.  Erlenmeyer  flask.  Rinse  the 
separatory  funnel  with  50  ml.  of  ether  in  four  or  five  portions, 
passing  this  ether  through  the  cotton  in  the  Gooch  funnel.  If  salt 
crystallizes  in  the  neck  of  the  separatory  funnel,  press  the  stopper 
of  the  funnel  in  place  firmly  with  a  rotating  motion  to  prevent 
leakage  of  ether.  Add  a  glass  bead  to  the  Erlenmeyer  flask, 
warm  the  flask  on  a  steam  bath  with  a  gentle  swirling  motion  until 
the  bead  starts  bouncing,  and  recover  or  evaporate  the  ether  com¬ 
pletely.  While  the  flask  is  still  being  heated,  insert  a  glass  tube 
connected  to  a  source  of  vacuum  two  thirds  of  the  way  into  the 
flask  for  at  least  half  a  minute;  then  remove  the  flask  and  stopper 
it.  The  analysis  may  be  interrupted  at  this  point  if  desired. 

The  whole  extraction  procedure  must  be  done  carefully  to 
avoid  any  loss,  such  as  ether  sprayed  from  the  separatory  funnel 
when  the  stopcock  is  opened  to  release  pressure  or  when  the  glass 
stopper  is  removed.  This  type  of  loss  can  be  minimized  by  allow¬ 
ing  time  for  the  ether  to  drain  away  from  the  stopcock  or  the 
stopper  before  performing  these  operations. 
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Development  of  Color.  At  this  stage  there  is  a  choice  of 
procedures,  depending  on  the  amount  of  DDT  expected,  the 
amount  of  solution  necessary  for  use  in  making  the  photometric 
measurements,  and  whether  it  is  desired  to  have  some  solution 
left  to  repeat  the  photometric  measurements. 

Procedure  1.  Add  accurately  measured  amount  of  benzene — 
for  example,  5.00  ml. — to  the  residue  in  the  Erlenmeyer  flask 
and  swirl  gently  until  it  is  dissolved.  Use  a  volume  of  benzene  at 
least- equal  to  one  third  the  volume  necessary  for  use  in  the  ab¬ 
sorption  cell  or  tube  of  the  photometer.  With  a  pipet  add  2 
volumes  (10.00  ml.  for  5.00  ml.  of  the  benzene  solution)  of  the 
sodium  methylate  reagent  to  1  volume  of  benzene  solution. 
Swirl  gently  until  the  solution  is  homogeneous,  pour  into  the 
absorption  cell  or  tube  of  the  photometer,  and  prepare  to  make 
the  most  important  measurements  15  minutes  after  the  sodium 
methylate  reagent  has  been  mixed  with  the  benzene.  This  pro¬ 
cedure  should  be  used  only  when  it  is  known  that  the  amount  of 
DDT  is  very  low  and  in  the  range  where  the  color  developed  will 
be  suitable  for  direct  measurement  in  the  photometer.  If  there  is 
a  possibility  that  the  color  developed  will  be  too  dark  for  direct 
measurement,  it  is  preferable  to  use  procedure  2  rather  than  add 
more  benzene  and  sodium  methylate  to  the  colored  solution  to 
dilute  it. 

Procedure  2.  Add  a  measured  amount  of  benzene — for  ex¬ 
ample,  25.00  ml— to  the  Erlenmeyer  flask,  and  swirl  gently  until 
the  residue  is  dissolved.  To  an  aliquot — for  example,  5.00  ml. 
add  twice  its  volume  of  sodium  methylate  reagent,  mix  thoroughly 
by  gentle  swdrling,  and  pour  into  the  absorption  cell  or  tube.  In 
some  cases  it  is  possible  to  mix  the  solutions  directly  in  the  ab¬ 
sorption  cell  or  tube.  If  the  color  is  too  deep,  a  photometric 
measurement  may  be  made  to  obtain  a  rough  estimate.  Dilute 
part  or  all  of  the  remaining  benzene  solution  to  a  more  suitable 
volume  before  removing  a  new  aliquot  for  development  of  the 
color.  If  the  color  is  too  light  for  good  photometric  measure¬ 
ment,  rinse  the  pipet  used  for  the  first  transfer  with  benzene  into 
the  Erlenmeyer  flask,  evaporate  all  the  solvent  on  the  steam  bath, 
swirling  the  flask  gently  to  start  the  bead  bouncing,  and,  when  all 
the  benzene  is  evaporated,  remove  the  last  traces  by  inserting  a 
glass  tube  attached  to  a  source  of  vacuum.  This  residue  in  the 
Erlenmeyer  flask  should  now  be  treated  as  in  procedure  1. 

Photometric  Measurements.  Spectrophotometric  or  photo¬ 
metric  measurements  should  be  made  at  the  most  important  wave 
lengths  or  with  the  most  important  filters  as  close  as  possible  to  15 
minutes  after  the  sodium  methylate  solution  has  been  mixed 
with  the  benzene.  Measurements  at  other  wave  lengths  or  with 
other  filters  can  be  made  just  before  or  after  the  most  significant 
readings  have  been  taken. 

Absorption  cells  or  tubes  should  be  stoppered  tightly.  Absorp¬ 
tion  cells  usually  have  glass  covers  or  stoppers,  but  if  test  tubes 
are  used,  as  in  many  routine  photometric  measurements,  rubber 
stoppers  washed  free  of  sulfur  are  preferable  to  cork  stoppers, 
contact  with  which  will  turn  the  solution  yellow.  Since  the 
solutions  on  which  optical  measurements  are  made  are  strongly 
alkaline,  absorption  cells  constructed  writh  alkali-resistant  cement 
should  be  used.  The  solutions  should  be  left  in  the  cells  no  longer 
than  is  necessary  to  make  photometric  measurements,  after  which 
the  cells  should  be  cleaned  immediately.  Although  it  might  be 
expected  that  the  alkaline  solutions  would  attack  and  etch  glass 
cells,  no  such  difficulty  has  been  experienced  during  several 
months  of  use. 

In  any  application  of  the  method  it  is  important  to  run  a  blank 
analysis  on  a  sample  of  the  same  type  of  material  being  analyzed 
which  has  not  been  treated  with  DDT.  The  results,  in  terms  of 
DDT  or  extinction  values  (never  in  terms  of  per  cent  transmis¬ 
sion),  should  be  applied  as  corrections  to  the  values  obtained  at 
each  wave  length  or  filter  used  in  the  analysis  of  the  DDT- 
treated  samples.  If  appropriate  blanks  are  not  run,  the  results 
of  the  analysis  may  be  high.  Blank  analyses  should  be  made  by 
diluting  the  blank  runs  in  the  same  manner  as  the  DDT-treated 
samples,  or  else  the  corrections  should  be  calculated  to  the  same 
weight  of  untreated  material  as  used  in  the  analysis  of  the  treated 
material. 

DISCUSSION  OF  THE  METHOD 

Preparation  of  Sample.  DDT  decomposes  with  evolution 
of  hydrogen  chloride  when  heated  at  a  high  temperature,  and  it 
may  decompose  at  100°  or  lower  in  the  presence  of  traces  of  cer¬ 
tain  catalysts,  such  as  ferric  chloride  or  iron  ( 6 ).  To  minimize 
the  possibility  of  decomposition,  solvents  may  be  removed  from 
samples  at  room  temperature  by  means  of  a  draft  of  air.  Tests 
should  be  made  to  demonstrate  that  there  is  no  decomposition 


under  the  particular  conditions  of  preparation  of  the  sample  and 
nitration  employed  by  the  analyst.  It  is  advisable  to  get  rid  of 
as  much  extraneous  material  as  possible  before  analyzing  sam¬ 
ples.  In  this  connection  solvents  which  extract  less  extraneous 
material  than  others  may  be  used. 

Nitration  of  Sample.  A  number  of  nitrating  mixtures  other 
than  the  recommended  1  to  1  fuming  nitric  acid-concentrated 
sulfuric  acid  were  tried,  such  as  1  to  1  red  fuming  nitric  acid¬ 
concentrated  sulfuric  acid,  1  to  1  fuming  nitric  acid— 25%  fuming 
sulfuric  acid,  1  to  1  red  fuming  nitric  acid-25  %  fuming  sulfuric 
acid,  and  1  to  1  concentrated  nitric  acid-concentrated  sulfuric 
acid.  The  last  mixture  gave  colors  that  were  too  light,  and  none 
of  them  seemed  to  have  any  particular  advantage  over  the  recom¬ 
mended  mixture. 

Although  the  nitration  seems  to  be  completed  in  less  than  1 
hour,  it  was  considered  that  in  many  applications  of  the  method  a 
1-hour  period  of  heating  with  the  nitrating  mixture  would  give 
more  complete  destruction  of  extraneous  material.  The  nitrating 
mixture  destroys  to  a  large  extent  many  plant  extracts,  oils,  etc., 
by  oxidation  and  conversion  to  alkali-soluble  products,  which  are 
removed  when  the  ether  solution  is  washed  with  aqueous  sodium 
hydroxide.  However,  some  interfering  substances  are  not  de¬ 
stroyed  completely. 

The  amount  of  nitrating  acid  used  is  not  critical.  Where  small 
samples  are  used  and  the  amount  of  extraneous  material  is  not 
large,  2  ml.  can  be  employed;  where  larger  amounts  of  extraneous 
material  are  regularly  encountered,  5  ml.  are  preferable.  Since 
the  quantity  of  acid  used  will  make  a  slight  difference  in  the 
calibration  curves  on  known  amounts,  these  curves  should  be  pre¬ 
pared  on  the  basis  of  whatever  amount  of  acid  is  to  be  used  for 
analysis  of  samples. 

The  nitration  of  an  organic  compound  rarely  gives  a  100% 
yield  of  a  single  product.  Usually  a  number  of  isomeric  nitrated 
products  are  formed,  and  products  of  lower  and  higher  nitration 
are  sometimes  present.  Ordinarily  a  certain  amount  of  material 


A.  Pure  tetranitro-P^-DDT 

B.  0.1  mg.  of  p,p'-DDT  carried  through  method 

C.  0.1  mg.  of  technical  DDT  carried  through  method 

D.  Pure  tetranitro-o,p'-DDT 

E.  0.1  mg.  of  o,p'-DDT  carried  through  method 


November,  1945 


ANALYTICAL  EDITION 


707 


Figure  2.  Effect  of  Concentration  of  Sodium 
Methylate  on  Intensity  of  Color 

A.  p,p'-DDT,  No.  58  filter  C.  o,p'-DDT,  No.  51  filter 

B.  Technical  DDT,  No.  58  filter  D.  o,p  -  DDT,  No.  58  filter 

is  oxidized  to  degradation  products,  or  even  completely  oxidized 
When  p,p'- DDT  and  o,p'-DDT  are  carried  through  the  method, 
the  main  products  are  the  tetranitro  compounds  described  by 
Schechter  and  Haller  {22),  as  borne  out  by  a  comparison  of  photo¬ 
metric  measurements  given  in  Figure  1. 

Extraction  of  Nitrated  Product.  Benzene  would  be  ad¬ 
vantageous  for  the  extraction,  in  that  the  color  could  be  developed 
in  the  extract  directly.  However,  for  routine  use  ether  is  prefer¬ 
able  because  it  gives  more  rapidly  a  clear  separation  of  the 
layers.  If  the  shaking  is  vigorous  and  the  layers  are  permitted 
to  separate  clearly,  a  single  extraction  with  ether  is  as  good  as  a 
double  extraction,  within  the  precision  of  the  method.  To  pre¬ 
vent  possible  decomposition  of  the  chromogenic  compounds,  con¬ 
tact  with  the  aqueous  alkali  should  be  no  longer  than  necessary 
for  thorough  extraction  and  separation  of  the  layers.  Shaking 
the  ether  with  saturated  salt  solution  washes  out  the  alkali  and 
also  partially  dries  the  ether.  Filtration  through  oven-dried  cot¬ 
ton  prevents  any  salt  droplets  from  coming  through  and  further 
dries  the  ether. 

Development  of  Color.  Benzene  is  a  better  solvent  than 
methanol  for  the  nitrated  residue  and  is  miscible  with  2  volumes 
of  the  sodium  methylate-methanol  reagent.  The  curves  shown 
in  Figure  2  illustrate  the  effect  of  the  concentration  of  sodium 
methylate  on  the  intensity  of  the  color  as  measured  with  an 
Aminco  type  F  filter  photometer  (see  Results  for  a  description  of 
the  filters).  p,p'-DDT,  o,p'-DDT,  and  technical  DDT  were 
carried  through  the  procedure,  and  the  color  was  developed  on 
aliquots  of  the  final  benzene  solutions  (0.10  mg.  per  5.00  ml.  of 
benzene)  with  the  use  of  different  concentrations  of  methanolic 
sodium  methylate.  The  results  indicate  that,  for  p,p'-DDT  and 
technical  DDT,  the  most  intense  color  was  developed  close  to 
10.0%  of  sodium  methylate  in  methanol  as  measured  with  the 
No.  58  filter,  and  this  concentration  was  adopted  in  the  authors’ 
work.  The  maximum  intensity  for  the  o,p'-DDT  was  developed 


near  11%  of  sodium  methylate,  as  measured  with  the  No.  58 
filter  and  near  13%  as  measured  with  the  No.  51  filter.  The 
absorption  curve  of  a  benzene  solution  of  tetranitro-o,p'-DDT 
plus  methanolic  sodium  methylate  (5.0  grams  of  sodium  per  100 
ml.  of  solution)  exhibits  two  absorption  peaks  (22),  one  at  590  and 
the  other  at  51 1  millimicrons.  It  is  interesting  to  note  from  Fig¬ 
ure  2  that  each  peak  is  affected  in  a  different  manner  by  different 
concentrations  of  sodium  methylate.  Unless  there  is  a  special 
interest  in  determining  o,p'-DDT,  or  the  relative  amounts  of 
p,p'-  and  o,p'-DDT  in  mixtures,  there  is  no  advantage  in  using 
higher  than  the  recommended  10.0%  sodium  methylate  reagent, 
since  the  sensitivity  with  regard  to  p,p'-DDT  is  thereby  de¬ 
creased. 

The  color  may  be  due  to  the  following  type  of  reaction  product, 
one  of  the  structures  of  the  resonance  hybrid  of  the  complex  from 
tetranitro-p,p'-DDT  being  shown: 


L  OO  O  O  -J 

The  reaction  of  polynitro  compounds  with  sodium  alcoholates 
has  been  investigated  by  Jackson  and  Earle  (16)  and  by  Meisen- 
heimer  (19). 

Photometric  Measurements.  Filter  photometers  are  sub¬ 
ject  to  a  number  of  difficulties  and  sometimes  give  deviations  from 
Beer’s  law  because  of  broadness  of  the  bands  passed  by  their  fil¬ 
ters,  stray  light  effects,  etc.  Their  limitations  must  therefore  be 
kept  in  mind.  The  difficulties  and  sources  of  error  in  filter 
photometry  are  adequately  discussed  by  States  and  Anderson 
(24)  and  by  Hamilton  (14)-  Hogness  et  al.  (15)  and  Brode  (4) 
give  good  discussions  of  absorption  spectrophotometry.  In  gen¬ 
eral,  better  results  can  be  obtained  with  a  spectrophotometer 
than  with  a  filter  photometer. 

The  absorption  peak  when  p,p'-DDT  is  carried  through  the 
method  using  10%  sodium  methylate  reagent  is  at  596  milli¬ 
microns,  and  the  two  peaks  given  by  o,p  '-DDT  are  at  590  and  506 
millimicrons  (unpublished  data).  To  determine  p,p'-DDT  or 
technical  DDT,  measurements  should  be  made  at  the  wave 
length  or  filter  that  gives  the  maximum  absorption  for  p,p'-DDT 
(ca.  596  millimicrons)  obtained  on  the  instrument  used  by  the 
analyst.  Calibration  curves  should  be  made  with  known  amounts 
of  the  type  of  material  to  be  determined,  whether  it  is  p,p'-DDT 
or  some  batch  of  technical  DDT. 

Schechter  and  Haller  (22)  indicated  that  it  would  be  feasible  to 
determine  the  relative  amounts  of  p,p'-  and  o,p'-DDT  in  mix¬ 
tures  of  the  two.  Although  technical  DDT  has  as  its  major  con¬ 
stituents  p,p'-DDT  (about  70  to  77%)  and  o,p'-DDT  (about  15 
to  25%),  it  does  contain  small  amounts  of  other  compounds  and 
unidentified  material  [Haller  et  al.  (13)].  The  composition  may 
vary  with  the  method  of  manufacture,  and  even  from  one  batch 
to  the  next.  While  calculations  of  the  amounts  of  p,p'-  and  o,p'- 
DDT,  assuming  that  these  are  the  only  two  compounds  present, 
give  results  of  the  right  order  of  magnitude,  the  effect  of  the 
minor  constituents,  such  as  p,p'-DDD,  should  not  be  ignored. 
These  calculations  can  be  made  if  analytical  calibration  curves 
are  prepared  for  known  amounts  of  each  of  the  two  isomers  at 
two  suitable  wave  lengths  or  filters  (in  the  range  of  595  to  600 
millimicrons  and  in  the  range  of  500  to  510  millimicrons).  Such 
computations  from  photometric  data  on  mixtures  are  adequately 
discussed  by  Miller  (20),  Knudsen  et  al.  (17),  and  others.  It 
should  be  emphasized  that  these  calculations  will  hold  only  over 
the  regions  of  the  calibration  curves  which  follow  Beer’s  law,  so 
that  a  spectrophotometer  or  a  photometer  having  filters  of  narrow 
wave  length  range  should  be  used. 
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Figure  3.  Analytical  Calibration  Curves  for  p,p'-DDT 

A.  With  No.  58  filter 

B.  With  No.  65  filter 


For  more  accurate  determination  of  the  percentage  of  p,p'~ 
DDT  in  technical  DDT,  the  crystallization  procedure  of  Cristol 
et  al.  ( 5 )  probably  is  more  suitable. 

In  applications  of  the  colorimetric  method  it  is- advisable  to  pre¬ 
pare  calibration  curves  and  also  to  make  readings  at  a  number  of 
wave  lengths  or  filters.  There  is  usually  less  interference  from 
extraneous  materials  at  the  higher  wave  lengths,  since  many  inter¬ 
ferences,  such  as  those  from  plant  extracts,  exhibit  an  absorption 
curve  which  shows  gradually  increasing  absorption  with  de¬ 
creasing  wave  length. 

While  a  calibration  curve  at  a  wave  length  of  640  millimicrons, 
or  with  a  filter  at  650  millimicrons,  will  have  a  lower  sensitivity 
for  determining  p,p'-DDT,  the  results  read  from  such  a  curve  will 
have  least  interference  from  extraneous  materials  and  practically 
none  from  possible  decomposition  or  degradation  products  of 
p,p'-DDT. 

Fading  of  the  Colors.  The  use  of  impure  solvents  and  re¬ 
agents  can  give  rise  to  serious  difficulties.  Technical  benzene 
sometimes  contains  impurities  which  contaminate  the  distillate 
with  hydrogen  sulfide,  and  this  causes  rapid  fading  of  the  de¬ 
veloped  color.  Contamination  of  the  benzene  or  of  the  sodium 
methylate  reagent  with  sulfur,  such  as  that  from  rubber  stoppers, 
will  increase  the  rate  of  fading.  Sulfur  can  be  removed  from 
stoppers  by  boiling  them  in  strong  sodium  hydroxide  solution, 
washing,  and  drying. 

The  presence  of  water  in  the  benzene  used  to  dissolve  the 
nitrated  residue,  or  of  water  or  sodium  hydroxide  in  the  sodium 
methylate  solution,  will  also  cause  rapid  fading.  With  good  re¬ 
agents  and  solvents  the  authors  have  found  the  fading  to  be  2  to 
3%,  in  terms  of  either  p,p'-DDT  or  technical  DDT,  1  hour  after 
the  first  reading.  Six  per  cent  during  the  first  hour  should  be  re¬ 
garded  as  the  maximum  permissible  amount  of  fading.  While 
methanolic  sodium  hydroxide  will  produce  the  blue  color,  the  rate 
of  fading  is  so  fast  that  satisfactory  photometric  measurements 
cannot  be  made. 

The  colors  given  by  p,p'-DDT,  o,p'-DDT,  and  technical  DDT 
develop  fully  in  2  to  3  minutes  and  then  fade  very  slowly.  The 
red  colors  given  by  some  of  the  possible  decomposition  or  degrada¬ 
tion  products  of  DDT  require  about  10  minutes  to  develop  fully 
and  are  relatively  stable. 


RESULTS 

An  Aminco  type  F  photometer  was  used  with 
filters  65,  58,  53,  51,  46,  and  42,  having  wave 
lengths  of  maximum  transmission  at  650,  580, 
530,  514,  460,  and  424  millimicrons,  respectively, 
and  test  tubes  2  cm.  in  diameter.  All  photo¬ 
metric  readings  were  made  on  5.00  ml.  of  the 
benzene  solution  plus  10.00  ml.  of  sodium  methylate 
reagent  and  were  converted  to  extinction  values, 

tti - - — r—)-  Figures  1,  4,  and  5 

%  transmission/  °  ’  ’ 

show  photometric  measurements  made  with  the 
various  filters  in  the  photometer;  they  do  not 
represent  spectrophotometric  curves.  Figure  1 
shows  the  readings  obtained  when  0.10  mg.  of 
p,p'-DDT,  o,p'-DDT,  and  technical  DDT  were 
carried  through  the  method  and  the  colors  de¬ 
veloped  according  to  procedure  1.  For  compari¬ 
son,  pure  tetranitro-p,p'-DDT  and  tetranitro- 
o,p '-DDT  were  dissolved  in  benzene,  5. 00-ml. 
aliquots  containing  0.15  mg.  (equivalent  to  0.10  mg. 
of  p,p'-DDT  and  o,p'-DDT,  respectively)  were 
mixed  with  10.00  ml.  of  sodium  methylate  re¬ 
agent,  and  the  results  plotted  (dotted  lines)  in  the 
same  figure. 

Figure  3  illustrates  the  type  of  analytical  calibra¬ 
tion  curve  obtained  with  small  amounts  of  p,p'- 
DDT  (20,  50,  and  100  micrograms)  when  2.0  ml. 
of  nitrating  acid  were  used  and  the  color  was  de¬ 
veloped  according  to  procedure  1.  At  each  concentration  the 
average  deviation  with  the  No.  58  filter  in  a  number  of  runs  by 
three  workers  was  about  2  micrograms  and  the  maximum  devia¬ 
tion  about  4  micrograms.  A  Beckman  DU  spectrophotometer 
gave  straight-line  calibration  curves  for  the  same  amounts.  The 
deviation  from  Beer’s  law  when  the  No.  65  filter  was  used  is  due 
to  the  absorption  characteristics  of  this  filter.  This  “stray  light” 


A.  0.1  mg.  of  dehydrochlorinated  p,p  -DDT 

B.  0.1  mg.  of  4,4,-dichlorobenzophenone.  C.  0.1  mg.  of  p,p  -DDA 

D.  0.1  mg.  of  4,4 -dichlorobenzohydrol.  E,  0.6  mg.  of  o-dichlorobenzene 
F.  0.068  mg.  of  pure  4,4  -dichioro-3,3  5,5  -tetranitrobenzophenone 

C.  0.1  mg.  of  1,1-dichloro-2,2-bis(p-chlorophenyl)ethene,  or  p,p  -DDD 
H .  0.1  mg.  of  bis(p-chlorophenyl)methane 

Each  compound  was  carried  through  method  except  F  , 
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effect  is  described  by  States  and  Anderson  (84).  When  10  mg.  of 
DDT  were  used,  and  the  color  was  developed  after  proper  dilution 
into  a  readable  photometric  range  according  to  procedure  2,  a 
calculated  result  of  9.9  mg.  was  obtained. 

Figure  4  shows  the  results  obtained  by  applying  the  color  test 
to  a  number  of  compounds  related  to  DDT,  using  procedure  2. 
p,p'-DDT)  gives  a  blue  color  practically  identical  to  that  of  p,p'- 
DDT  but  slightly  less  intense. 

Some  of  the  possible  breakdown  products  of  p,p'-DDT — such 
as  dehydrochlorinated  p,p'-DDT,  4,4'-dichlorobenzophenone 
(10),  4,4'-dichlorobenzohydrol,  bis(p-chlorophenyl)me  thane  (27), 
and  p,p'-DDA  (8,  27) — give  red  colors  with  negligible  absorption 
when  the  No.  65  filter  is  used.  Consequently  there  could  be  little 
or  no  interference  from  these  breakdown  products  on  the  analysis 
for  p,p'-DDT  as  read  from  its  calibration  curve  at  this  filter.  In 
an  experiment  with  a  mixture  containing  0.050  mg.  of  p,p'-DDT 
and  0.025  mg.  of  dehydrochlorinated  p,p'-DDT,  the  result  when 
read  from  the  analytical  calibration  curve  at  the  No.  65  filter 
indicated  the  presence  of  0.050  mg.  of  p,p'-DDT  with  no  inter¬ 
ference  from  the  dehydrochlorinated  p,p'-DDT.  However,  in 
the  case  of  technical  DDT,  if  there  is  considerable  decomposition, 
it  would  be  difficult  to  calculate  or  interpret  the  results  because 
of  the  complexity  of  the  system,  at  least  four  components  (p,p'- 
and  o,p'-DDT  and  their  dehydrochlorinated  derivatives)  being 
present. 

If  the  results  for  DDT  read  from  calibration  curves  at  several 
filters  agree  after  being  corrected  for  the  blank  analysis  at  each 
filter,  it  is  evident  that  the  DDT  has  not  decomposed  to  any 
appreciable  extent.  The  red  colors  are  due  to  the  formation  of  a 
considerable  amount  of  4,4'-dichloro-3,3',5,5'-tetranitrobenzo- 
phenone  (probably  accompanied  by  isomers  and  other  nitro 
derivatives)  during  the  nitration  of  these  degradation  products  of 
DDT.  The  extinction  values  on  the  color  given  by  synthetic 
4,4'-dichloro-3,3',5,5'-tetranitrobenzophenone  in  benzene  solution 
plus  sodium  methylate  are  also  given  (dotted  line)  in  Figure  4 
for  comparison. 

4-Chloro-3,5-dinitrobenzoic  acid  has  been  detected  as  another 
product  of  the  nitration  of  dehydrochlorinated  p,p'-DDT,  4,4'- 
dichlorobenzophenone,  and  p,p'-DDA.  In  the  analysis  of  these 
compounds  the  2%  alkali  washes  of  the  ether  solutions  were 
acidified  and  extracted  with  ether,  the  ether  was  washed  with  salt 
solution  and  evaporated  to  dryness,  and  the  residues  were  dis¬ 
solved  in  benzene.  On  addition  of  sodium  methylate  reagent  a 
violet-red  color  was  developed  in  each  case.  The  same  color  was 
developed  when  p-chlorobenzoic  acid  was  carried  through  the 
method  with  the  omission  of  the  alkali  wash.  A  comparison  of 
photometric  readings  (Figure  5)  obtained  on  these  solutions  with 
readings  (dotted  fine)  made  on  a  sample  of  synthetic  4-chloro- 
3,5-dinitrobenzoic  acid  in  benzene  plus  sodium  methylate  reagent 
indicated  that  each  of  the  solutions  contained  this  compound. 

The  fact  that  p,p'-DDA  yields  4,4'-dichloro-3,3',5,5'-tetra- 
nitrobenzophenone  and  4-chloro-3,5-dinitrobenzoic  acid  on  in¬ 
tensive  nitration  is  rather  remarkable,  since  it  involves  decar¬ 
boxylation  of  the  DDA  in  addition  to  nitration  and  oxidation 
reactions.  The  dichlorotetranitrobenzophenone  formed  is  neutral 
and  remains  in  the  ether  in  the  analytical  method,  while  the 
chlorodinitrobenzoic  acid  goes  into  the  alkali  wash.  p,p'-DDA 
has  been  shown  in  pharmacological  studies  (27)  to  be  a  metabolite 
of  p,p'-DDT,  and  a  method  for  its  detection  and  estimation  has 
considerable  importance  in  these  investigations.  Use  can  be 
made  of  its  acidic  properties  to  separate  DDA  from  DDT  and  any 
neutral  degradation  products  prior  to  the  application  of  this  colori¬ 
metric  test.  It  does  not  seem  to  be  possible  at  present  to  differ¬ 
entiate  some  of  the  other  breakdown  products  of  DDT,  such  as 
dehydrochlorinated  p,p'-DDT  and  4,4'-dichlorobenzophenone, 
on  the  basis  of  this  color  test  alone.  In  such  cases  supple¬ 
mental  chlorine  determinations  on  the  samples  would  be  of  value. 

Bis(p-chlorophenyl)sulfone,  a  minor  constituent  of  technical 
DDT,  and  p-dichlorobenzene  were  found  to  give  no  color  when 


Fisure  5.  Detection  of  4-Chloro-3,5-dinitrobenzoic  Acid 

A.  From  alkali  wash  in  analysis  of  0.8  ms.  oF  p,p  -  DDA 

B.  0.1  ms.  oF  pure  4-chloro-3,5-dinitrobenzoic  acid 

C.  0.05  ms.  ol  p-chlorobenzoic  acid  carried  throush  method,  alkali  wash  omitted 

D.  From  alkali  wash  in  analysis  of  0.5  ms.  of  4,4'-dichlorobenzophenone 

E.  From  alkali  wash  in  analysis  of  0.5  ms.  of  dehydrochlorinated  p,p'-DDT 

carried  through  the  analytical  procedure.  o-Dichlorobenzene 
gave  an  orange  color  (Figure  4).  Care  should  be  taken  in  inter¬ 
preting  results  of  this  method  when  aromatic  halogen  compounds 
that  might  interfere  are  known  to  be  present;  however,  there  are 
not  likely  to  be  any  such  materials  in  spray  residues. 

This  method  is  being  applied  to  the  analysis  of  spray  residues, 
water  samples,  etc.  The  chemistry  involved  in  the  nitration  of 
DDT  and  its  breakdown  products  and  the  reactions  of  these  and 
related  nitro  derivatives  together  with  pertinent  spectrophoto- 
metric  data  are  also  being  investigated. 
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Six  representative  foods — corn,  peas,  carrots,  tomatoes,  salmon,  and 
ham — were  prepared  as  purees  or  pastes  to  ensure  uniformity  of  com¬ 
position,  processed  by  commercial  methods,  and  packed  in  tin  con¬ 
tainers.  The  resulting  products  were  assayed  for  ascorbic  acid, 
carotene  (or  vitamin  A),  thiamine,  riboflavin,  pantothenic  acid,  and 
niacin  by  several  collaborators,  using  accepted  methods  of  vitamin 
assay.  The  data  obtained  indicate  the  need  for  more  extensive 
collaborative  studies,  using  representative  samples  of  unquestionable 
uniformity,  prepared  in  quantity  from  the  same  source  and  stored 
under  the  same  conditions  prior  to  assay,  stable  vitamin  reference 
standards,  and  methods  in  which  all  details  of  procedure  and  quality 
of  reagents  are  prescribed. 

THE  general  plan  of  a  comprehensive  investigation  concerning 
the  nutritive  value  of  canned  foods  in  which  a  number  of 
educational  institutions  and  industrial  research  laboratories  are 
participating  has  been  outlined  ( 1 ).  Since  the  estimation  of  the 
vitamin  content  of  canned  meats,  fish,  fruits,  and  vegetables 
constitutes  an  important  phase  of  this  investigation,  the  present 
report  concerns  primarily  a  comparison  of  vitamin  values  as 
obtained  by  applying  existing  vitamin  assay  methods  to  typical 
canned  foods.  Many  investigators  in  this  field  are  aware  that 
vitamin  assay  methods  which  yield  excellent  results  with  one  type 
of  foodstuff  may  be  unsatisfactory  when  applied  to  another  food 
material.  Consequently,  the  authors  have  endeavored  to  com¬ 
pare  the  results  obtained  through  the  use  of  recog¬ 
nized  biological,  microbiological,  chemico-physical, 
and  spectrographic  methods  of  assay  from  standard¬ 
ized  representative  canned  foods.  In  addition, 
they  have  sent  samples  of  the  same  foods  to 
several  other  laboratories,  which  have  generously 
collaborated  in  furnishing  additional  data  relative 
to  the  application  of  some  of  these  methods  to 
canned  foods. 

FOOD  MATERIALS  USED 

All  canned  foods  used  in  this  investigation  were 
furnished  through  the  courtesy  of  the  National 
Canners  Association-Can  Manufacturers  Institute 
Nutrition  Program  Executive  Committee.  The 
products  consisted  of  four  canned  vegetables,  a 
canned  fish,  and  a  canned  meat. 

The  specific  products  employed  were  yellow  corn, 
peas,  carrots,  tomatoes,  salmon,  and  ham.  In  order 
to  ensure  uniformity  of  sample  the  four  canned 
vegetables  were  pureed  and  recanned  in  8-ounce 
tins.  The  canned  salmon  was  made  into  a  thick 
paste  and  recanned  in  12-ounce  tins.  The  canned 
meat  (chopped  ham)  was  processed  in  12-ounce  tins 
and  represented  a  commercial  pack  especially  well 
mixed,  so  as  to  minimize  can-to-can  variations. 

On  being  received  at  the  laboratory,  all  samples 
were  stored  at  30°  F.  until  used  for  assay  purposes 
or  sent  to  collaborating  laboratories. 

In  addition  to  the  assays  conducted  in  the  authors’ 
laboratory,  samples  (1  to  4  cans)  of  one  or  more 
of  the  six  canned  products  were  sent  to  investi¬ 
gators  associated  with  21  laboratories  located  in 


various  parts  of  the  country,  accompanied  by  the  request  that 
(o)  the  product  or  products  be  assayed  in  duplicate  or  triplicate 
determinations  by  the  method  or  methods  commonly  employed 
in  the  collaborating  laboratory,  (6)  the  method  of  assay  be  speci¬ 
fied  in  each  instance,  and  (c)  the  vitamin  content  of  each  product 
be  expressed  in  terms  of  U.S.P.  units  or  as  milligrams  of  vitamin 
per  100  grams  of  can  contents. 

METHODS  OF  ASSAY 

In  general,  the  methods  of  vitamin  assay  employed  were  essen¬ 
tially  those  indicated  below,  with  certain  collaborators  resorting 
to  minor  modifications  of  these  procedures  as  required  by  ma¬ 
terials  and  equipment  at  hand. 

Biological  Methods.  The  U.S.P.  method  was  employed 
in  the  estimation  of  carotene  and  vitamin  A,  the  resulting  growth 
responses  being  compared  with  that  produced  by  known  amounts 
of  pure  /3-carotene  and  the  usual  U.S.P.  reference  cod  liver  oil, 
respectively.  Thiamine  was  determined  by  the  U.S.P.  method 
and  also  by  the  rat-growth  method.  Riboflavin  and  pantothenic 
acid  were  determined  by  rat-growth  methods.  In  each  assay 
procedure  where  rat-growth  technique  was  employed,  a  basal  diet 
was  used  which  was  complete  in  all  known  dietary  essentials  with 
the  exception  of  the  vitamin  under  consideration.  To  ensure 
against  any  possible  complication  due  to  inadequate  intakes  of 
vitamins,  liberal  quantities  of  all  of  the  known  essential  vitamins, 
with  the  exception  of  the  vitamin  to  be  assayed,  were  added  in 
highly  purified  form  to  the  basal  diet.  All  rats  used  in  assays 


Table  I.  Vitamin  Content  of  Specially  Prepared  Canned  Foods 


(Milligrams  per  100  grams  of  can  contents) 


Labora¬ 

tory 

Pureed 

Pureed 

Pureed 

Pureed 

Salmon 

Chopped 

No. 

Method  of  Assay 

Corn 

Peas 

Carrots 

Tomatoes 

Paste 

Ham 

1 

Indophenola 

Reduced  Ascorbic  Acid 

8.98  3.19  2.04 

20.54 

0.76 

0.47 

3 

Indophenol& 

5.00 

4.70 

5.70 

21.70 

4 

Indophenol& 

10.10 

3.10 

3.60 

21.20 

5 

Indophenol& 

11.00 

4.00 

3.00 

26.00 

5 

Indophenolc 

9.00 

3.00 

22.00 

6 

Indophenol6 

20.25 

7 

Indophenol& 

9 50 

3.60 

1 .70 

19.20 

9 

Indophenol6 

10.08 

3.95 

2.46 

24.33 

1 

Biological4**® 

0.21 

Carotene 

0.47 

7.30 

1.91 

1 

Photocolorimetric 

0.17 

0.44 

5.75 

1.57 

2 

Photocolorimetric 

0.14 

0.20 

5.80 

1.80 

3 

Photocolorimetric 

0.33 

0.24 

8.21 

1.21 

4 

Photocolori  metric 

0.15 

0.40 

9.79 

1.79 

5 

Photocolorimetric 

0.21 

0.18 

6.00 

1.26 

9 

Photocolorimetric 

0.38 

0.20 

8.19 

12 

Photocolorimetric 

0.08 

0.29 

7.20 

1.60 

1 

Biological 

0.068 

Thiamine 

0.181 

0.037 

0.110 

0.021 

0.737 

1 

(curative) 

Thiochrome 

0.057 

0.150 

0.027 

0.102 

0.007 

0.522 

2 

Thiochrome 

0.045 

0.101 

0.020 

0.075 

0.006 

0.240 

3 

Thiochrome 

0.046 

0.115 

0.021 

0.084 

4 

Thiochrome 

0.037 

5 

Thiochrome 

0.050 

o’i20 

0.030 

0.090 

O' 002 

Oi420 

6 

Thiochrome 

0.146 

0.104 

7 

Thiochrome 

0.055 

0.159 

0.025 

0.094 

8 

Thiochrome 

O' 475 

11 

Thiochrome 

0.051 

0  ’.  1 3 1 

0.022 

0.095 

o!oi6 

0.573 

a  Determined  colorimetrically. 
b  Determined  titrimetrically. 
c  Determined  potentiometrically. 

4  Pure  /3-carotene  used  as  standard. 

e  When  assayed  by  U.S.P.  biological  method  using  U.S.P.  reference  cod  liver  oil  as 
standard,  corn,  peas,  carrots,  and  tomatoes  yielded  236,  700,  8130,  and  2190  U.S.P.  units, 
respectively,  per  100  grams. 
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involving  growth  response  measurements  were  sub¬ 
jected  to  the  usual  depletion  period  previous  to  be¬ 
ing  placed  on  test.  Growth  responses  were  recorded 
over  a  28-day  period. 

During  the  course  of  the  biological  assays,  a  fresh 
can  of  food  was  Hsed  at  each  feeding  period.  In  the  No! 

authors’  laboratory,  the  microbiological  assays  and 
the  assays  made  by  the  chemico-physical  methods 
were  made  on  composite  samples  composed  of  the 
entire  contents  of  six  cans  of  the  respective  prod¬ 
ucts.  Some  collaborating  laboratories  employed  2 

the  contents  of  a  single  can  for  their  assays,  while 
other  laboratories  used  composite  samples  made 
from  the  contents  of  several  cans. 

Microbiological  Methods.  Riboflavin  was  de¬ 
termined  by  the  method  of  Snell  and  Strong  (6), 
pantothenic  acid  by  the  method  of  Pennington,  Snell, 
and  Williams  (d),  and  niacin  by  the  method  of  Snell 
and  Wright  (7). 

Chemico-Physical  Methods.  Since  preliminary 
tests  had  indicated  that  the  samples  involved  con¬ 
tained  only  relatively  small  amounts  of  dehydro- 
ascorbic  acid,  only  reduced  ascorbic  acid  was  deter¬ 
mined  and  this  was  done  by  the  Morell  indophenol 
photoelectric  colorimeter  method  (4) .  Carotene  was 
extracted  and  purified  by  the  method  of  Moore  and 
Ely  (3)  and  its  absorption  at  450  m^i  determined  by 
means  of  a  Beckman  quartz  spectrograph,  and 
thiamine  and  riboflavin  were  determined  by  the 
means  of  the  procedure  outlined  by  Conner  and  Straub  (3). 

Spectrographic  Method.  The  vitamin  A  content  of  the 
salmon  paste  and  of  the  chopped  ham  was  determined  by  the 
usual  spectrographic  method.  In  the  procedure  employed, 
samples  of  the  canned  foods  were  saponified  with  5%  alcoholic 
potassium  hydroxide,  the  unsaponified  portion  was  removed  by 
means  of  a  series  of  extractions  with  peroxide-free  sulfuric  ether, 
the  ether  being  removed  under  reduced  pressure,  the  residue 
taken  up  in  a  known  volume  of  isopropyl  alcohol,  and  the  extinc¬ 
tion  coefficient  measured  at  328  millimicrons,  using  a  Beckman 
quartz  spectrophotometer. 

In  the  authors’  laboratory  each  of  the  six  canned  foods  was 
assayed  for  ascorbic  acid,  carotene  or  vitamin  A,  thiamine,  ribo¬ 
flavin,  pantothenic  acid,  and  niacin,  some  of  the  vitamins  being 
assayed  by  as  many  as  three  different  methods.  Of  the  21 
laboratories  to  which  samples  were  supplied,  eleven  reported 
assay  values.  Six  of  the  collaborating  laboratories  reported 
ascorbic  acid  values;  6,  carotene  values;  8,  thiamine  values;  7, 
riboflavin  values;  2,  pantothenic  acid  values;  and  2,  niacin  values. 

DATA  AND  DISCUSSION 

The  results  of  the  authors’  studies,  together  with  the  assay 
values  reported  by  the  collaborating'  laboratories,  are  presented  in 
Tables  I  and  II. 

Ascorbic  Acid.  Examination  of  the  data  presented  in  Table  I 
reveals  some  rather  unexpected  variations  in  the  ascorbic  acid 
values  as  reported  by  the  different  collaborators.  Pureed 
tomatoes  yielded  the  most  consistent  data,  while  values  for  pureed 
carrots  showed  the  widest  range  of  variations.  No  satisfactory 
explanation  can  be  advanced  for  the  wide  variations  in  data  on 
the  ascorbic  acid  content  of  carrots  as  submitted  by  the  different 
collaborators.  Owing  to  the  fact  that  several  collaborators  ob¬ 
tained  excellent  agreement  between  vitamin  values  of  different 
cans  of  the  respective  samples,  it  appears  that  the  initial  variation 
of  can  contents  could,  at  most,  be  only  a  minor  contributing  factor 
so  far  as  variability  of  the  assay  values  obtained.  Variations  in 
the  storage  and  the  handling  of  the  samples  previous  to  assay  and 
variations  in  the  manipulations  during  the  course  of  the  assay  are 
apparently  the  major  contributing  factors. 

Since  none  of  the  collaborators  indicated  in  his  reports  that 
any  attempt  was  made  to  measure  dehydroascorbic  acid,  no  data 
are  available  relative  to  the  total  ascorbic  acid  content  of  the 
various  samples  investigated. 

Carotene.  The  data  on  carotene  were  extremely  variable  for 
pureed  corn,  peas,  and  carrots,  while  those  for  pureed  tomatoes 
were  fairly  consistent.  This  is  somewhat  surprising,  since,  in  the 
authors’  hands,  it  is  much  easier  to  obtain  consistent  carotene 
values  on  corn  and  carrots  than  on  the  highly  pigmented  tomato 


Table  II.  Vitamin  Content  of  Specially  Prepared  Canned  Foods 

(Milligrams  per  100  grams  of  can  contents) 


Pureed 

Pureed 

Pureed 

Pureed 

Salmon 

Chopped 

Method  of  Assay 

Corn 

Peas 

Carrots 

Tomatoes 

Paste 

Ham 

Riboflavin 

Biological 

0.119 

0.135 

0.049 

0.088 

0.235 

0.202 

Fluorometric 

0.103 

0.111 

0.031 

0 . 065 

0.117 

0.137 

Microbiological 

0.092 

0.090 

0.055 

0.070 

0.230 

0.129 

Fluorometric 

0.470 

0.400 

0.090 

0.150 

0.200 

0.410 

Microbiological 

0.130 

0.100 

0.060 

0.070 

0.780 

0.250 

Microbiological 

0.076 

0.072 

0.022 

0.043 

Fluorometric 

0.024 

Fluorometric 

0 !  089 

0.'  052 

Fluorometric 

0.082 

0.159 

0.025 

0.047 

Fluorometric 

0.208 

Microbiological 

0!680 

o!087 

0!040 

0 !  076 

0.i90 

0.190 

Pantothenic 

Acid 

Biological 

0.290 

0.200 

0.110 

0.380 

0.510 

0.460 

Microbiological 

0.250 

0.220 

0.160 

0.260 

0.400 

0.640 

Microbiological 

0.200 

0.110 

0.130 

0.120 

1.000 

0.400 

Microbiological 

0.250 

0.140 

0.140 

0.440 

0.630 

0.310 

Niacin 

Microbiological 

1.55 

1.56 

0.26 

1.58 

6.70 

3.30 

Microbiological 

1.60 

1.40 

0.18 

1.60 

5.50 

2.70 

products.  Here  again,  it  is  difficult  to  attribute  these  wide 
variations  in  carotene  values  to  any  single  factor  or  condition. 
Since  no  one  collaborator  reported  carotene  values  which  were 
consistently  higher  or  consistently  lower  for  all  four  products  than 
values  reported  by  other  collaborators,  it  is  doubtful  if  the 
variations  can  be  attributed  to  differences  in  carotene  reference 
standards,  to  differences  in  types  of  instruments  employed  in 
measuring  carotene,  or  to  the  measurements  being  made  at 
slightly  different  wave  lengths. 

The  importance  of  using  standards  which  have  been  accurately 
prepared  from  highly  purified  /3-carotene  cannot  be  overempha¬ 
sized.  Undoubtedly,  many  of  the  irregularities  in  the  carotene 
data  published  in  the  past  may  be  traced  to  this  source  of  varia¬ 
tion.  However,  with  the  highly  purified  /3-carotene  that  is  now 
available  and  with  practically  every  assay  laboratory  possessing  a 
precision  microbalance,  this  source  of  error  has  been  partially 
eliminated.  The  use  of  solutions  of  impure  carotene  or  the  more 
stable  chromate  as  standards  is  conducive  to  considerable  error  in 
carotene  determinations,  especially  when  these  solutions  are  used 
under  conditions  differing  from  those  under  which  they  were 
standardized.  This  is  due  to  the  fact  that  the  light-absorption 
curves  of  these  solutions  are  not  identical  with  that  of  pure  /3- 
carotene.  The  standard  chromate  solution  offers  an  excellent 
means  of  checking  the  instrument  from  time  to  time  but  is  of  very 
limited  value  as  a  carotene  standard.  In  fact,  a  chromate  solu¬ 
tion  standardized  against  pure  /3-carotene  in  one  instrument  may 
give  rise  to  a  serious  source  of  error  when  used  as  a  standard  with 
another  instrument  owing,  primarily,  to  the  differences  in  the 
spectral  qualities  of  the  lights  involved. 

In  general,  carotene  values  for  the  four  canned  products  ob¬ 
tained  through  biological  assays,  using  /3-carotene  as  the  reference 
standard,  show  relatively  good  agreement  with  values  obtained 
by  other  methods  of  assay.  Carotene  values  calculated  from 
U.S.P.  units  (U.S.P.  units  X  0.0006)  were  somewhat  lower  for 
all  four  products  than  when  the  biological  response  was  based  on 
/3-carotene  as  the  standard.  This  difference  is  due,  in  the  authors’ 
opinion,  to  the  fact  that  in  their  laboratory  0.6  microgram  of  pure 
/3-carotene  gives  somewhat  less  growth  than  does  1  U.S.P.  unit 
of  the  reference  cod  liver  oil. 

The  spectrographic  method  of  assay  yielded  higher  vitamin  A 
values  with  salmon  paste  and  chopped  ham  than  were  obtained 
by  the  U.S.P.  biological  assay.  The  differences,  although 
appreciable,  could  in  all  probability  be  accounted  for  on  the  basis 
of  the  interfering  materials  in  the  concentrate  from  these  low- 
potency  products.  The  vitamin  A  potencies  of  these  products 
were  210  and  36  U.S.P.  units  per  100  grams,  respectively,  by 
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biological  assay  and  275  and  63  U.3.P.  units,  respectively,  by 
the  spectrographic  method  of  assay. 

Thiamine.  Collaborative  reports  on  thiamine  showed  greater 
uniformity  than  those  for  the  other  vitamins.  This  is  probably 
due  to  the  fact  that  all  collaborators  employed  the  thiochrome 
method  which  has  been  more  highly  standardized  than  many 
other  assay  procedures. 

Thiamine  values  obtained  by  the  biological  method,  although 
somewhat  higher  in  every  case,  showed  relatively  good  agreement 
with  the  collaborative  data  obtained  by  means  of  the  thiochrome 
method  of  assay,  the  greater  variations  occurring  among  the 
values  obtained  for  the  salmon  paste  and  the  chopped  ham. 
Owing  to  the  low  thiamine  content  of  the  salmon  paste,  this 
produce  proved  extremely  difficult  to  assay  biologically,  especially 
by  the  rat  curative  method.  In  order  to  conduct  successful  assays 
of  this  product  by  the  curative  method,  it  was  essential  that  the 
test  animals  be  fed  a  small  but  known  amount  of  thiamine  along 
with  the  test  material  to  ensure  the  ingestion  of  a  sufficient 
amount  of  the  vitamin  to  effect  a  recovery  from  the  paralytic 
condition  and  to  sustain  life  for  a  reasonable  number  of  days.  In 
this  instance,  the  thiamine  content  of  the  material  being  assayed 
was  calculated  by  difference. 

With  the  rat-growth  method  of  assay,  the  amount  of  salmon 
paste  that  was  required  to  furnish  sufficient  thiamine  to  promote 
a  reasonable  rate  of  growth  was  great  enough  to  cause  a  consider¬ 
able  alteration  in  the  ratio  of  the  components  of  the  original  basal 
ration.  Thiamine  values  obtained  by  the  curative  and  by  the 
rat-growth  method  of  assay  showed  satisfactory  agreement, 
especially  for  those  canned  products  containing  appreciable 
quantities  of  thiamine.  For  this  reason,  only  the  data  obtained 
through  the  use  of  the  curative  technique  are  reported.  The 
thiamine  content  of  chopped  ham,  as  determined  by  the  bio¬ 
logical  methods  of  assay,  was  considerably  higher  than  that 
obtained  by  the  thiochrome  method.  The  authors  have  observed 
similar  findings  regarding  the  thiamine  content  of  other  samples 
of  meats  assayed  in  their  laboratory.  It  is  probable  that  the 
lower  thiamine  content,  as  indicated  by  the  thiochrome  assay,  is 
due  in  part  to  the  incomplete  extraction  of  the  vitamin  from 
.animal  tissues. 

Riboflavin.  The  collaborative  riboflavin  data  showed  wide 
variations  (Table  II).  Here  again  it  is  difficult  to  state  which 
•of  the  methods  of  assay  yielded  the  most  reliable  riboflavin  values. 
One  collaborator  (laboratory  2)  reported  riboflavin  values  ob¬ 
tained  by  the  fluorometric  method  and  by  the  microbiological 
method  of  assay  in  which  the  values  obtained  by  the  former 
method  were  considerably  higher  (150  to  400%)  for  five  of  the  six 
products  assayed,  while  the  sixth  product  was  found  to  contain 
360%  more  riboflavin  by  the  latter  method.  However,  riboflavin 
values  obtained  by  the  biological  method,  although  somewhat 
higher,  showed  fair  agreement  with  a  mean  of  the  values  reported 
by  collaborators  who  employed  other  methods  of  assay. 

Pantothenic  Acid.  The  results  of  the  collaborative  panto¬ 
thenic  acid  assays  are  also  shown  in  Table  II.  With  only  three 
collaborators  participating,  it  is  rather  difficult  to  draw  conclu¬ 
sions  regarding  the  relative  merits  of  the  assay  methods  em¬ 
ployed.  In  the  authors’  hands,  the  rat-growth  method  and  the 
microbiological  method  yielded  results  which  show  essentially  the 
same  correlation  that  exists  between  data  obtained  by  the  three 
collaborating  laboratories  through  the  use  of  the  microbiological 
technique. 

Niacin.  Niacin  values  reported  for  the  four  vegetable  prod¬ 
ucts  by  three  collaborators  employing  the  microbiological 
method  of  assay  show  excellent  agreement. 

The  data  reported  are  instructive  in  that  they  indicate  to  some 
extent  the  variations  in  the  apparent  vitamin  content  due  to 
different  methods  of  assay  and,  to  a  greater  extent,  the  variations 
which  are  attributable  to  the  foods  being  assayed  under  some¬ 
what  different  conditions  and  by  different  technicians.  Such 
results  do  not  reflect  particularly  upon  the  efforts  of  the  few 


collaborators  who  participated  in  these  studies.  It  is  highly 
probable  that  the  assay  data  reported  may  show  a  higher  degree 
of  correlation,  in  general,  than  would  the  data  obtained  by  those 
would-be  collaborators  who  requested  corresponding  samples  but 
failed  to  report  the  results  of  their  assays.  It  is  believed  that 
many  of  the  data  reported  in  the  literature  relative  to  the  vitamin 
content  of  various  foods  are  subject  to  even  greater  errors  than 
the  errors  indicated  in  this  report.  It  also  seems  highly  probable 
that  many  of  the  variations  in  vitamin  content  which  have  been 
attributed  to  varietal  differences,  seasonal  variations,  stage  of 
maturity,  climatic  conditions,  storage  conditions,  processing 
methods,  etc.,  are  due  in  part  to  inaccurate  assays.  This  is 
especially  true  where  attempts  have  been  made  to  compare  data 
reported  by  different  laboratories. 

SUMMARY 

Six  representative  foods  (corn,  peas,  carrots,  tomatoes,  salmon, 
and  ham)  were  prepared  as  purees  or  pastes  to  ensure  uniformity 
of  composition,  processed  by  commercial  methods,  and  packed  in 
tin  containers.  The  resulting  products  were  assayed  for  ascorbic 
acid,  carotene  (or  vitamin  A),  thiamine,  riboflavin,  pantothenic 
acid,  and  niacin  by  several  collaborators,  using  some  of  the  ac¬ 
cepted  methods  of  vitamin  assay. 

The  data  obtained  indicate  clearly  the  need  for  more  extensive 
collaborative  studies  regarding  some  of  the  methods  of  vitamin 
assay,  especially  from  the  standpoint  of  the  application  of  these 
methods  to  the  determination  of  the  vitamin  content  of  a  vide 
range  of  foods.  There  are  undoubtedly  many  factors  which  have 
contributed  to  the  variability  of  the  data  reported.  From  the 
available  information,  however,  it  is  difficult  to  state  which  of 
these  factors  has  contributed  most  toward  these  variations.  The 
use  of  different  vitamin  standards  by  different  collaborators  does 
not  appear  to  have  been  the  major  contributing  factor  so  far  as 
the  variability  of  the  data  is  concerned.  Likewise,  the  use  by 
different  collaborators  of  different  types  of  physical  equipment 
during  the  course  of  the  respective  assays  does  not  appear  to  be  a 
major  source  of  error.  It  appears  that  the  human  element  is, 
perhaps,  one  of  the  most  significant  sources  of  variable  results, 
although  the  data  presented  do  not  indicate  the  magnitude  of 
variations  arising  from  this  factor. 

The  fact  remains,  however,  that  existing  methods  of  vitamin 
assay  do  not  always  yield  concordant  data  in  the  hands  of  differ¬ 
ent  investigators  when  applied  to  the  same  food  products.  This 
is  a  matter  which  must  be  corrected  before  the  relative  merits  of 
vitamin  data  reported  by  different  laboratories  can  be  evaluated 
accurately.  Variations  in  assay  values  due  to  personal  error 
must  be  eliminated  through  extensive  training  of  the  technician 
and  through  subsequent  experience  with  the  method  of  assay. 
Furthermore,  methods  of  vitamin  assay  which  yield  satisfactory 
results  with  one  food  often  yield  unsatisfactory  results  when 
applied  to  another  food.  This  is  due  to  the  fact  that  foods  differ 
widely,  in  both  their  chemical  and  physical  characteristics. 
Modifications  of  assay  techniques  to  adapt  them  for  use  with  a 
wide  range  of  products  will  be  revealed  only  through  extensive 
applications  of  the  techniques  to  each  of  these  products.  This 
type  of  information  can  be  most  readily  obtained  through  col¬ 
laborative  studies.  To  yield  results  of  maximum  scientific  value, 
a  collaborative  study  of  this  type  should  ensure  (a)  that  repre¬ 
sentative  samples  of  unquestionable  uniformity  be  prepared  in 
quantity  from  the  same  initial  source,  (6)  that  these  samples  be 
stored  under  the  same  conditions  prior  to  assay,  (c)  that  stable 
vitamin  reference  standards  be  placed  at  the  disposal  of  each 
collaborator,  and  ( d )  that  each  collaborator  use  the  same  methods 
in  which  all  details  of  procedure  and  quality  of  reagents  are  care¬ 
fully  prescribed. 

Effect  of  Minor  Modifications  in  Technique.  So  far  as 
the  authors  are  aware,  there  is  no  way  of  accurately  ascertaining 
the  probable  consequences  of  certain  minor  modifications  of 
assay  techniques  on  the  vitamin  values  obtained.  Even  if  com- 
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plete  details  were  available  as  to  the  deviations  from  the  recom¬ 
mended  assay  procedure,  as  practiced  in  some  collaborating 
laboratories,  it  would  be  difficult  to  conclude  from  such  data 
that  any  one  deviation  was  solely  responsible  for  the  inconsist¬ 
encies  in  assay  values.  It  is  realized  that  all  vitamin  assay 
laboratories  are  not  similarly  equipped,  that  they  do  not  all 
have  the  same  intensity  of  illumination,  that  different  grades  of 
reagents  and  solvents  are  frequently  used  in  different  laboratories, 
that  different  types  and  makes  of  instruments  are  used  in  measur¬ 
ing  vitamin  concentration,  and  that  laboratories  frequently  differ 
in  the  facilities  available  for  storing  or  holding  vitamin-containing 
foods,  extracts,  solutions,  etc.  The  authors  believe  that  varia¬ 
tions  of  this  type  may  be  reflected  in  the  final  results  of  the  assay 
and  that  the  inconsistencies  in  the  data  reported  are  not  always 
the  fault  of  the  method.  Investigators  who  do  not  have  the 
facilities  recommended  by  the  author  of  the  method  frequently 
proceed  to  use  available  facilities  and  materials  without  fully 
realizing  that  they  are  not  complying  with  the  requirements  of 
the  method. 

There  have  been  proposed  certain  changes  or  modifications  of 
some  of  the  assay  methods  employed  in  these  studies  which  are 
supposed  either  to  increase  the  accuracy  of  the  methods  or  in¬ 
crease  their  application  to  a  wider  range  of  food  products.  In 
some  instances  these  modifications  have  tended  to  simplify  the 


method  and  at  the  same  time  increase  its  usefulness.  There  are, 
however,  investigators  who  insist  that  at  least  some  of  the  sug¬ 
gested  revisions  offer  no  significant  advantage  over  the  original 
method.  The  fact  that  the  methods  cited  in  tins  manuscript 
continue  to  be  used  rather  extensively  in  their  original  form  is 
proof  in  itself  that  the  proposed  modifications  are  not  too  gener¬ 
ally  accepted. 
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The  preparation  and  use  of  copper  alkyl  phthalates  for  the  titration 
of  mercaptans  are  described.  These  reagents,  because  of  their 
definite  composition,  are  an  improvement  over  cupric  oleate  and 
naphthenate  previously  'described.  Copper  butyl  phthalate  may 
be  used  as  a  standard  substance  after  a  given  lot  of  the  reagent  has 
been  analyzed.  Results  on  a  variety  of  alkyl  and  terpene  mer-f 
captans  are  in  good  agreement  with  those  obtained  by  the  usual 
iodine  titration.  Thioglycolic  acid  and  dithioethylene  -glycol  are 
not  amenable  to  titration  with  copper  alkyl  phthalates.  Hydrogen 
cyanide,  thiocyanates,  organic  sulfides,  thiocyanoacetates,  and 
terpenes  do  not  interfere. 

THIS  paper  describes  the  preparation  of  copper  alkyl  phthal¬ 
ates  and  their  use  for  the  titration  of  mercaptans.  These 
reagents  prepared  from  alcohols  containing  five  carbon  atoms  or 
less  have  the  advantages  over  cupric  oleate  and  naphthenate 
described  by  Bond  ( 1 )  that  they  are  more  easily  prepared  and 
have  definite  compositions.  The  compounds  prepared  from 
higher  alcohols  do  not  possess  these  advantages  to  such  a  marked 
degree. 

The  method  employing  the  copper  alkyl  phthalates  is  essen¬ 
tially  that  of  Bond  ( 1 ).  A  standard  solution  of  the  cupric  salt 
in  alcohol  or  naphtha  is  run  into  a  solution  of  the  mercaptan  in 
the  same  solvent  until  the  green  color  of  the  reagent  is  no  longer 
discharged  by  reaction  with  the  mercaptan  to  form  the  corre¬ 
sponding  disulfide  according  to  the  equation 

2Cu++  +  4RSH  — 2CuSR  +  R— S— S— R  +  4H  + 

There  are  two  important  advantages  of  this  method  over  the 
usual  iodine  titration  (2) ;  the  reaction  takes  place  in  a  homogene¬ 
ous  solution,  and  there  is  no  interference  by  unsaturates.  Thus, 
it  is  suited  for  following  the  addition  of  a  mercaptan  to  an  unsatu¬ 
rate.  — - 

The  use  of  copper  butyl  phthalate  and  copper  octyl  phthalate, 
which  are  representative  of  the  copper  alkyl  phthalates,  is  de¬ 
scribed.  When  titrations  can  be  made  in  alcoholic  solvents,  cop¬ 


per  butyl  phthalate,  which  is  a  dry  crystalline  solid,  is  preferred. 
After  a  given  lot  of  this  reagent  has  been  analyzed,  a  standard 
solution  may  be  made  up  by  weighing  the  desired  amount  into  a 
volumetric  flask  and  making  up  to  the  mark  with  a  solvent,  such 
as  Pentasol  or  butanol.  If  the  titrations  are  to  be  made  in  hy¬ 
drocarbon  solvents,  copper  octyl  phthalate,  which  is  very  soluble 
in  hydrocarbons,  may  be  more  convenient,  although  copper  butyl 
phthalate  can  be  used  satisfactorily.  The  n-octyl  salt  is  waxy, 
and  solutions  of  it  are  standardized  after  being  prepared.  For 
economy  2-ethylhexanol  may  be  used  instead  of  n-octanol,  but 
its  copper  salt  is  soft  and  not  so  convenient  to  handle. 

It  was  thought  that  ferric  butyl  phthalate  might  undergo  re¬ 
duction  similarly  with  a  change  in  color,  but  this  was  not  found 
to  be  the  case.  The  intense  red-brown  color  of  the  reagent  did 
not  change  upon  addition  to  a  mercaptan  solution. 

MATERIALS 

The  phthalic  anhydride  to  be  used  in  preparing  the  reagents 
must  not  be  hydrated  by  exposure  to  moisture.  A  sample  of  it 
on  being  heated  in  a  test  tube  should  be  clear  at  about  131  °  C. ; 
otherwise  it  will  not  combine  properly.  Pentasol  was  used  in 
this  work  as  the  solvent  for  copper  butyl  phthalate,  and  Hi- 
Flash  naphtha  for  copper  octyl  phthalate.  Kerosene  also  may 
be  used  as  a  solvent  for  the  latter. 

The  mercaptans  analyzed  were  commercial  products,  and  ex¬ 
perimental  samples  prepared  in  the  authors’  laboratories.  In 
general  they  were  used  without  careful  purification. 

PREPARATION  OF  COPPER  ALKYL  PHTHALATES 

Copper  Butyl  Phthalate.  A  mixture  of  74  grams  (0.5 
mole)  of  finely  ground  phthalic  anhydride  and  50  ml.  (46.2  ml.  = 
0.5  mole)  of  n-butanol  is  heated  in  a  500-ml.  flask  over  a  free 
flame  with  shaking  until  the  temperature  is  about  105°  C.  The 
agitation  is  continued  as  the  flask  is  removed  from  the  flame. 
The  temperature  continues  to  rise  to  about  120°  C.  and  the  mix¬ 
ture  becomes  clear  within  a  few  minutes.  As  soon  as  the  product 
is  cool,  it  is  poured  into  a  solution  of  20  grams  of  sodium  hydrox¬ 
ide  in  1500  ml.  of  water.  If  the  resulting  solution  is  not  acid  to 
litmus,  it  should  be  made  so  with  acetic  acid.  The  acid  solution 
is  filtered  through  a  folded  filter  into  a  4-liter  beaker.  A  clear 
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Table  I.  Analyses  of  Mercaptans  by  Copper  Alkyl  Phthalate  and 
Iodine  Methods 

Per  Cent  — SH 


Copper 

Copper  butyl 
phthalate, 

octyl 

phthalate, 

Substance 

Calcd. 

Iodine,  found 

found 

found 

% 

%  % 

% 

% 

Pentadecanethiol-8° 

13.5 

13.6, 13.4 

13.2,13.7 

Butyl  thioglycolate“ 

22.3 

22.0,22.0 

IT  5, 19 '5 

Terpene  mercaptan0 

19.4 

18.8, 18.6 

19.2, 19.2 

72-Butvl  mercaptan 

36.7 

34.0,34.0,34.8 

33.9,33.8 

34.6, 34.7 

Isobutyl  mercaptan 

36.7 

34.5,35.0 

34.8,34.8 

35.7,  34/7 

terl-Butyl  mercaptan 

36.7 

14.9, 14.7 

Lauryl  mercaptan 

16.3 

14.6, 14.6 

.2  li.9, li ! 6 

Cetyl  mercaptan 

12.8 

12.3, 12.1, 12 

0-Mercaptoethanol 

42.3 

4i .3, 41.4 

41.3,41.2 

Terpene  mercaptan 

19.4 

18.5, 18.7 

17 ' 9, 17.9 

Terpene  mercaptan 

19.4 

30 ! 4, 30.2 

Methyl  thioglycolate 

31.1 

a  These  compounds  were  laboratory  preparations  which  were  carefully 
purified.  All  others  were  either  commercial  products  or  compounds  pre¬ 
pared  in  the  author’s  laboratory  and  used  without  careful  purification.  Data 
on  impure  compounds  are  presented  to  show  reproducibility  of  the  method, 
and  not  for  comparison  between  calculated  %  — SH  and  that  actually  found. 
&  Tertiary  mercaptan. 


solution  of  65  grams  of  copper  sulfate  (CuS04.5H20,  calculated 
for  0.5  mole,  62.5  grams)  in  500  ml.  of  water  is  added  slowly  with 
vigorous  stirring.  The  precipitated  cupric  butyl  phthalate  is 
collected  on  a  Buchner  funnel,  washed  thoroughly  with  water, 
and  air-dried.  It  is  pulverized  and  dried  in  a  vacuum  desiccator. 
The  yield  is  95%. 

The  purity  of  the  product  is  determined  by  dissolving  a  weighed 
sample,  0.3  to  0.5  gram  in  5  ml.  of  glacial  acetic  acid,  diluting 
with  50  ml.  of  water,  and  titrating  iodometrically.  The  purity 
is  95%  or  higher.  The  dry  reagent  has  been  kept  for  more  than 
a  half  year  in  a  stoppered  bottle  without  deterioration. 

Copper  Octyl  Phthalate.  This  reagent  is  prepared  in  ex¬ 
actly  the  same  way  as  copper  butyl  phthalate,  except  that  68 
grams  (calculated  65  grams)  of  octanol  are  used  in  place  of  the 
butanol.  Copper  octyl  phthalate  is  not  so  easy  to  filter  and  dry 
as  the  butyl  compound.  If  desired,  the  mother  liquor  may  be 
poured  off,  and  the  product  washed  by  decantation  and  dis¬ 
solved  in  a  high-boiling  hydrocarbon.  A  suitable  portion  of  the 
clear  solution  may  be  diluted  to  prepare  a  standard  solution. 

STANDARDIZATION  OF  THE  SOLUTIONS 

Tor  a  0.1  N  solution  of  copper  butyl  phthalate,  25.29  grams  of 
the  salt  are  required.  If  P  is  the  percentage  purity  of  the  salt 
25.29  X  100/P  grams  should  be  taken.  This  amount  is  weighed 
into  a  volumetric  flask,  dissolved  in  50  ml.  of  acetic  acid,  and  di¬ 
luted  to  1  liter  with  Pentasol  or  some  similar  solvent.  Standardi¬ 
sation  of,  and  titrations  with,  the  solution  should  be  made  at 
nearly  the  same  temperature;  however,  a  difference  of  10°  C. 
between  the  temperature  at  standardization  and  that  during  the 
titration  causes  an  error  of  only  0.1  ml.  in  a  10-ml.  titration. 

For  a  0.1  N  solution  of  copper  octyl  phthalate,  the  calculated 
amount  is  30.9  grams.  Somewhat  more  than  this  amount  is  dis¬ 
solved  in  a  hydrocarbon  and  made  up  to  1  liter.  The  solution  is 
standardized  by  hydrolyzing  a  suitable  volume  with  dilute  hy¬ 
drochloric  acid  and  determining  the  cupric  ion  iodometrically 
using  the  procedure  of  Weatherburn,  Weatherburn,  and  Bayley 
(3).  In  this  case  the  normality  is: 

Ml.  of  Na2S203  X  N  X  2  =  T  „ 
ml.  of  Cu  Solution 

The  factor  2  arises  from  the  fact  that  only  one  half  of  the  mer¬ 
captan  is  converted  to  the  disulfide  by  the  cupric  ion. 

The  copper  alkyl  phthalate  solutions  should  be  stored  in  a  dark 
bottle  or  cupboard  to  retard  peroxide  formation.  Solutions 
which  contain  considerable  precipitate  after  having  stood  for  some 
time  should  be  discarded. 

METHOD  OF  ANALYSIS 

The  analytical  procedure  is  essentially  that  described  by  Bond 
t(f).  A  sample  assumed  to  contain  0.1  to  0.3  gram  of  mercaptan, 
according  to  its  molecular  weight,  is  added  to  50  ml.  of  Pentasol 
or  hydrocarbon  solvent  in  a  125-ml.  Erlenmeyer  flask  and  ti¬ 
trated  by  the  addition  of  copper  alkyl  phthalate  in  increments  of 
about  0.5  ml.  to  near  the  end  point  with  shaking.  The  solution 
may  darken  somewhat  during  the  titration,  but  in  all  cases  it 
brightens  and  becomes  clear  just  before  the  end  point,  which 
,  occurs  when  the  blue-green  color  of  the  reagent  persists.  The 
,  end  point  can  be  observed  most  readily  when  the  flask  is  illumi¬ 
nated  and  viewed  against  a  white  background. 


In  some  cases,  principally  with  low-molecular-weight  mercap¬ 
tans,  the  yellow  cuprous  mercaptide  precipitates  out,  but  in 
others  it  remains  in  solution.  In  either  case,  the  green  color  is 
easily  detectable.  It  takes  an  appreciable  amount  of  the  copper 
solution  to  impart  a  definite  green  color  to  50  ml.  of  solution. 
This  blank  should  be  determined  by  each  analyst  under  his  par¬ 
ticular  operating  conditions  and  subtracted  from  the  buret  read¬ 
ing  to  get  the  volume  of  solution  required  by  the  mercaptan. 
In  the  analyses  given  below,  this  blank  was  0.3  ml. 

According  to  the  reaction  above,  1  ml.  of  1  N  copper  alkyl 
phthalate  solution  corresponds  to  0.0331  gram  of  — SH.  If  V 
ml.  of  a  solution  of  N  normality  is  required  for  W  gram  of  sample 
then: 

(F  — blank)  X  N  X  0.0331  X  100  _  ~  „„ 

W  '°  ®H 

RESULTS 

A  wide  variety  of  mercaptans,  including  primary,  secondary, 
and  tertiary  compounds,  were  titrated  with  the  copper  alkyl 
phthalates.  In  all  cases  the  reaction  was  rapid  and  complete. 
Two  mercaptans,  thioglycolic  acid  and  dithioethylene  glycol, 
were  not  amenable  to  titration  by  this  method.  Thioglycolic 
acid  reacted  normally  at  first  to  give  the  cuprous  mercaptide, 
which  then  reacted  with  excess  cupric  ion  to  give  the  dark  blue 
insoluble  cupric  cuprous  mercaptide.  A  sharp  change  of  color 
from  yellow  to  blue  did  not  occur.  Methyl  and  butyl  thioglyco- 
lates,  however,  behaved  normally.  Dithioethylene  glycol  formed 
a  stable,  dark  blue  cupric  salt  upon  addition  of  copper  alkyl 
phthalates,  and  reduction  to  the  cuprous  state  did  not  occur. 

Table  I  gives  a  comparison  of  the  results  obtained  using  copper 
alkyl  phthalate  solutions  with  those  found  by  the  iodine  method 
of  Kimball,  Kramer,  and  Reid  ( 2 ).  The  copper  reagents  were 
standardized  by  shaking  known  volumes  of  their  solutions  with 
dilute  hydrochloric  acid  and  titrating  the  liberated  cupric  ion 
iodometrically. 

There  is  substantial  agreement  between  the  results  with  cop¬ 
per  alkyl  phthalates  and  those  with  iodine.  The  variations  of 
individual  determinations  from  the  mean  are  about  the  same. 

A  solution  calculated  to  be  0.1151  N  was  prepared  by  dissolv¬ 
ing  3.036  grams  of  copper  butyl  phthalate  (95.9%  pure)  in  suffi¬ 
cient  Pentasol  to  give  100  ml.  With  this  solution,  n-butyl  mer- 
fcaptan  and  cetyl  mercaptan  were  found  to  contain  34.1  and  33.8, 
and  12.3  and  12.0%  — SH,  respectively.  A  second  solution, 
0.1185  N,  -similarly  prepared  from  the  same  lot  of  copper  salt  3 
months  later,  gave  13.6%  — SH  for  pentadecanethiol-8.  These 
results  are  in  good  agreement  with  the  values  recorded  in  Table 
I  and  show  that  copper  butyl  phthalate  can  be  used  as  a  standard 
substance  once  its  purity  is  known. 

Hydrogen  cyanide,  organic  thiocyanates,  organic  sulfides, 
thiocyanoacetates,  and  terpenes  were  added  to  solutions  contain¬ 
ing  known  amounts  of  mercaptans  which  were  then  titrated. 
No  interference  was  observed  when  any  of  these  substances  was 
present  in  amount  five  times  that  of  the  mercaptan  present;  this 
demonstrates  that  mercaptans  can  be  determined  in  the  presence 
of  these  compounds.  The  method  is  not  applicable  when  hydro¬ 
gen  sulfide  is  present  in  the  mercaptan  solution. 

SUMMARY 

Copper  butyl  phthalate  and  copper  octyl  phthalate  have  been 
used  as  reagents  in  the  titration  of  a  variety  of  mercaptans.  The 
preparation  of  these  new  analytical  reagents  is  described. 
Copper  octyl  phthalate  is  a  waxy  material  while  copper  butyl 
phthalate  is  a  crystalline  solid  which  may  be  used  as  a  stand¬ 
ard  substance  and  is,  therefore,  superior  to  cupric  oleate 
previously  described.  Ferric  butyl  phthalate  was  investigated 
and  found  to  be  unsatisfactory  as  a  reagent  for  the  titration  of 
mercaptans. 
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Determination  of  Dissolved  Oxygen 

Proposed  Modification  of  the  Winkler  Method 

RICHARD  POMEROY1  AND  H.  DARWIN  KIRSCHMAN 
University  of  California,  Los  Angeles,  Calif. 


Use  of  increased  quantities  of  iodide  in  the  Winkler  method  for 
determining  dissolved  oxygen  diminishes  interference  by  organic 
matter,  reduces  loss  of  iodine  vapor,  and  sharpens  the  end  point  of 
the  titration.  It  is  recommended  that  the  hydroxide-iodide  solution 
usually  specified  for  this  analysis,  which  is  12.5  N  in  alkali  and 
0.9  N  in  iodide,  be  replaced  by  one  which  is  10  N  in  sodium 
hydroxide  and  6  N  in  sodium  iodide. 

THE  procedures  generally  followed  for  determination  of  dis¬ 
solved  oxygen  in  water  call  for  the  use  of  a  hydroxide- 
iodide  solution  of  such  composition  and  in  such  amount  that  the 
analysis  of  a  250-  or  300-ml.  sample  of  water  uses  0.15  gram 
of  potassium  iodide  or  an  equivalent  amount  of  sodium  iodide. 
It  has  long  been  evident  that  it  may  be  desirable  to  use  larger 
amounts  of  iodide,  and  some  workers  have  modified  their  proce¬ 
dures  accordingly,  but  the  point  has  not  heretofore  been  fully 
explored  and  the  standard  procedure  has  remained  unchanged. 
The  advantages  of  high  iodide  concentration  are:  reduced  inter¬ 
ference  by  other  reducing  agents,  less  loss  of  iodine  vapor,  and 
sharp  end  point. 


Table  I.  Oxalate  Interference  in  Dissolved  Oxygen  Test 


Nal  Used, 

(NKb^Ch.HzO 

Apparent  Dissolved 

(250-MI.  Sample) 

Used 

Oxygen 

Grams 

Gram 

P.p.m. 

Series  A 

0.140 

0.000 

8.07 

0. 140 

0.050 

6.96 

0. 140 

0.200 

5.28 

0.140 

0.500 

4.70 

Series  B 

0. 127 

0.200 

5.96 

0.254 

0.200 

6.87 

0.635 

0.200 

7.64 

1.270 

0.200 

8.01 

REDUCTION  OF  INTERFERENCE  BY  OTHER  REDUCING  AGENTS 

Theriault  (4)  showed  that  the  use  of  excess  oxalate  in  the  per¬ 
manganate  method  causes  low  results,  and  that  this  interference 
is  diminished  by  increasing  the  concentration  of  iodide.  Further 
data  showing  the  magnitude  of  these  effects  as  obtained  in  the 
authors’  research  are  given  in  Table  I. 

The  evident  explanation  is  that  at  time  of  acidification  the 
manganic  hydroxide  acts  on  any  reducing  agents  which  may  be 
present.  Iodide,  oxalate,  and  all  other  reducing  agents  compete 
with  one  another  for  the  oxidizing  capacity  of  the  manganic 
hydroxide.  Concentration  and  rate  of  oxidation  determine 
the  relative  extent  of  oxidation  of  each  component.  If  oxalate 
is  present  in  substantial  amount  and  the  iodide  concentration  is 
low,  a  considerable  amount  of  manganic  hydroxide  will  react 
with  oxalate,  causing  low  results  in  the  determination.  But  if  a 
high  concentration  of  iodide  is  used,  more  iodide  and  less  oxalate 
will  be  oxidized. 

Theriault  and  McNamee  (5)  showed  that  glucose  and  peptone 
also  cause  low  results,  and  it  is  to  be  expected  that  the  miscellane¬ 
ous  organic  matter  generally  present  in  polluted  waters  would 
have  a  similar  effect.  At  the  same  time  high  iodide  concentrations 

1  Present  address,  117  East  Colorado  St.,  Pasadena  1,  Calif. 


Table  II.  Influence  of  Iodide  Content  on  Reaction  of  Iodine  with 
Organic  Matter  in  Winkler  Test 


(50  mg.  of  K1  per  sample  added  before  acidification,  additional  amounts 
after  acidification;  titrated  after  3  hours) 


Total  KI  Used  per 
250-MI.  Sample 
Grams 

0.050 
0. 100 
0. 150 
0.300 
1,0 
3.0  , 


Apparent  Dissolved 
Oxygen 
P.p.m. 

1.60 

1.73 

1.88 

2.05 

2.19 

2.27 


would  be  expected  to  counteract  this  interference,  just  as  it  does 
with  oxalate,  and  this  is  found  to  be  the  case. 

Thus  when  tests  were  made  with  aerated  sewages  using  various 
concentrations  of  potassium  iodide,  results  were  as  shown  in 
Figure  1.  The  true  concentrations  of  oxygen  in  these  samples 
were  not  known,  but  they  must  have  been  somewhat  greater 
than  the  highest  apparent  values. 

The  extent  of  interference  by  organic  matter  varies  with  the 
technique  of  the  procedure.  If  the  precipitate  of  manganous  and 
manganic  hydroxides  settles  and  compacts  in  the  bottom  of  the 
bottle,  and  if  the  acid  is  added  without  prompt  and  complete 
mixing,  local  depletion  of  iodide  occurs,  thus  permitting  more 
extensive  oxidation  of  organic  matter.  Interference  is  minimized 
by  adding  the  acid  promptly  and  with  rapid  mixing.  The  effect 
of  delay  in  adding  the  acid  has  been  noted  by  others  but  has  been 
attributed  to  a  reaction  of  oxygen  with  organic  matter  in  the 
alkaline  solution.  This  is  not  possible,  for  there  is  no  oxygen  in 
the  mixture — only  manganic  hydroxide,  which  certainly  does  not 
act  as  an  oxidizing  agent  in  alkaline  solution. 


Gpams  KI  pc*  Sample 

Figure  1.  Effect  of  Iodide  on  Apparent  Dissolved  Oxygen 


After  adding  the  acid,  there  may  often  be  a  slow  reaction  of 
iodine  with  organic  matter.  This,  too,  is  diminished  by  a  high 
concentration  of  iodide.  To  illustrate  this,  the  Winkler  test  was 
carried  out  on  a  gallon  sample  of  aerated  sewage,  using  50  mg.  of 
potassium  iodide  per  250  ml.  of  sewage.  This  was  then  used  to 
fill  several  250-ml.  bottles  to  which  various  amounts  of  potassium 
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iodide  were  added.  After  3  hours,  these  mixtures  were  titrated 
with  0.025  N  thiosulfate.  Results  of  the  determinations  are 
shown  in  Table  II. 

LOSS  OF  IODINE  VAPOR 

As  shown  by  Theriault  (4),  loss  of  iodine  vapor  may  cause 
appreciable  errors,  which  are  likewise  diminished  by  increasing 
the  iodide  concentration,  since  iodide  holds  the  iodine  in  solution 
by  the  equilibrium  reaction  I -  -j-  I2  ■* — *■  I3  When  waters  of  low 
oxygen  content  are  analyzed,  the  error  due  to  vaporization  of 
iodine  is  slight,  but  in  the  analysis  of  waters  of  high  oxygen  con¬ 
tent,  there  is  less  iodide  left  at  the  end  of  the  reaction  and  more 
iodine  and  triiodide  ion.  This  causes  a  disproportionate  increase 
of  free  iodine  and  hence  loss  of  iodine  vapor.  When  150  mg.  of 
potassium  iodide  are  used  in  the  analysis  of  300  ml.  of  water, 
there  is  just  enough  iodide  present  to  yield  triiodide  ion  quanti¬ 
tatively  if  the  water  contains  16  p.p.m.  of  oxygen.  The  concen¬ 
tration  of  free  iodine  and  the  consequent  loss  of  vapor  rapidly 
increase  as  the  oxygen  in  the  water  increases  up  to  and  beyond 
16  p.p.m.  At  8  p.p.m.  of  oxygen  there  is  a  twofold  excess  of 
iodide  when  150  mg.  of  potassium  iodide  are  used  for  a  300-ml. 
sample.  If  the  potassium  iodide  content  were  to  be  increased 
sevenfold,  as  is  proposed  in  this  paper,  the  excess  of  iodide  would 
be  thirteen  times  as  great,  which  would  reduce  the  concentration 
of  free  iodine  to  about  one  thirteenth,  and  this  in  turn  would  be 
expected  to  reduce  the  rate  of  escape  of  iodine  vapor  by  a  similar 
ratio. 


SHARPNESS  OF  END  POINT 

Higher  concentrations  of  iodide  increase  the  sharpness  of  the 
end  point  in  the  titration.  No  quantitative  data  have  been  se-- 
cured,  but  in  comparing  end  points,  the  analyst  gets  the  impres¬ 
sion  that  their  sharpness  is  roughly  proportional  to  the  iodide 
concentration — that  is,  the  color  produced  by  a  minute  amount 
of  iodine  in  the  presence  of  starch  is  proportional  to  the  iodide 
content  of  the  solution.  In  ordinary  work  this  is  not  an  impor¬ 
tant  factor;  but  when  high  precision  is  desired,  it  is  easily  pos¬ 
sible  in  relatively  clean  waters  to  obtain  end  points  reproducible 
to  0.01  or  0.02  ml.  of  0.025  N  thiosulfate  if  liberal  amounts  of 
iodide  are  used. 


Figure  2.  Solubility  of  Iodides  in  Hydroxide  Solutions 


In  view  of  the  foregoing  considerations,  it  seems  generally  de¬ 
sirable  to  use  more  iodide  than  has  been  customary  heretofore. 
In  the  past  the  cost  of  iodide  salts  may  have  been  a  large  con¬ 
sideration,  but  this  is  relatively  less  important  at  present.  The 
proposed  change  will  increase  the  cost  of  a  determination  by 
about  one  cent,  a  small  amount  compared  with  the  total  cost  of 
an  analysis.  The  increase  is  fully  justified  in  most  dissolved 
oxygen  work. 


The  most  convenient  way  to  use  more  iodide  in  the  test  is  to 
increase  the  iodide  content  of  the  iodide-hydroxide  solution. 
Using  potassium  salts,  not  much  more  than  the  150  grams  per 
liter  now  specified  can  be  dissolved.  An  investigation  was 
undertaken  of  the  solubilities  of  potassium  and  sodium  iodides 
in  potassium  and  sodium  hydroxides.  Data  for  potassium  and 
sodium  iodides  in  sodium  hydroxide  and  for  potassium  iodide 
in  potassium  hydroxide  have  been  published  ( 1 ,  2,  5).  The  re¬ 
sults  are  shown  graphically  in  Figure  2,  which  includes  results 
for  sodium  iodide  in  potassium  hydroxide.  Precipitation  of 
potassium  iodide  from  the  solution  occurs  as  soon  as  the  sodium 
hydroxide  reaches  a  concentration  of  about  0.3  N.  The  dotted 
curve  beyond  this  point  represents  the  precipitation  concentra¬ 
tion  rather  than  a  true  solubility.  This  curve  is  sketched 
from  two  experimental  points  and  from  the  consideration  that 
the  precipitation  curve  must  cross  the  line  for  potassium  iodide 
in  sodium  hydroxide  at  the  point  where  potassium  iodide  con¬ 
centration  equals  sodium  hydroxide  concentration  and  that 
it  will  thereafter  approach,  but  not  cross,  the  line  for  potassium 
iodide  in  potassium  hydroxide. 


Table  III.  Effect  of  Potassium  Hydroxide  Concentration  in  the 
Winkler  Analysis 


Normality  of  KOH  Used  Apparent  Dissolved 

(1  Ml.  per  250-MI.  Sample)  Oxygen,  P.p.m. 


1.2 

2.4 

4.8 

7.2 

9.6 

12.0 

2  ml.  of  12  N 


4.73 

7.45 

8.99 

9.00 

9.01 

9.01 

8.99 


The  curves  show  that  the  only  practical  way  to  prepare  hy¬ 
droxide-iodide  solutions  with  substantially  increased  iodide  con¬ 
tent  is  to  use  sodium  iodide  and  sodium  hydroxide.  The  choice 
of  a  suitable  composition  for  the  reagent  involves  the  question  of 
required  hydroxide  concentration.  A  series  of  tests  was  run  to 
explore  this  point,  with  results  as  shown  in  Table  III.  In  these 
tests  1  ml.  of  4.3  N  potassium  hydroxide  is  necessary  to  precipi¬ 
tate  quantitatively  the  manganese  in  1  ml.  of  the  standard  re¬ 
agent,  and  it  is  evident  that  only  a  slight  excess  of  potassium 
hydroxide  over  this  amount  is  required  for  the  quantitative  de¬ 
termination  of  oxygen.  If  the  iodide-hydroxide  solution  is  made 
10  N  in  sodium  hydroxide  and  6  Ar  in  sodium  iodide,  this  should 
provide  an  ample  excess  of  hydroxide  to  care  for  any  buffering 
constituents  in  the  sample. 

A  solution  approximating  this  composition  can  be  made  by 
dissolving  900  grams  of  sodium  iodide  and  400  grams  of  sodium 
hydroxide  pellets  in  550  ml.  of  water,  or  enough  water  to  make  1 
liter  of  solution.  The  small  amount  of  sodium  carbonate  which 
will  be  present  as  an  impurity  is  insoluble  in  this  solution  and  will 
slowly  separate  on  standing.  The  solution  may  be  clarified  by 
filtration  or  decantation,  but  this  is  not  necessary  as  the  carbon¬ 
ate  has  no  effect  on  the  analysis. 

It  is  recommended  that  this  solution  be  substituted  for  the 
hydroxide-iodide  solution  of  composition  specified  in  current 
manuals  whenever  maximum  accuracy  is  desired,  and  that  it  be 
used  for  all  samples  containing  much  organic  matter  even  if  only 
approximate  results  are  required. 
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Determination  of  Tryptophane,  Phenylalanine, 

and  Methionine 

A  Rapid  Procedure 

W.  C.  HESS  AND  M.  X.  SULLIVAN,  Chemo-Medical  Research  Institute,  Georgetown  University,  Washington,  D.  C. 


PROTEINS  may  be  split  into  their  constituent  amino  acids 
by  enzymes  or  by  hydrolysis  with  acids  or  alkalies.  Be¬ 
cause  of  the  absence  of  humin  in  alkaline  hydrolysis,  such  hy¬ 
drolysis  has  been  found  to  have  some  advantage  over  acid  hy¬ 
drolysis.  For  some  amino  acids,  such  as  cystine  which  can  be 
estimated  readily  in  acid  hydrolyzates,  alkaline  hydrolysis  can¬ 
not  be  employed,  since  the  cystine  is  more  or  less  destroyed  by 
alkali.  On  the  other  hand,  for  certain  amino  acids — for  example, 
tryptophane — an  acid  hydrolysis  is  as  a  rule  destructive,  whereas 
as  noted  by  many  workers  an  alkaline  hydrolysis  is  highly  satis¬ 
factory.  In  fact,  practically  the  same  value  for  tryptophane  is 
obtained  for  a  number  of  proteins  by  hydrolyzing  for  18  to  24 
horns  with  5  N  sodium  hydroxide  as  was  obtained  with  intact 
proteins  {13). 

In  more  recent  work  (7),  it  has  been  reported  that  phenylala¬ 
nine  can  be  estimated  colorimetrically  following  alkaline  hydroly¬ 
sis  for  4  to  18  hours.  The  authors  have  estimated  methionine  {8, 
11)  satisfactorily  in  acid  hydrolysis.  Since  Mueller  (12)  iso¬ 
lated  methionine  from  casein  that  had  been  hydrolyzed  with  18% 
sodium  hydroxide,  it  was  probable  that  this  amino  acid  also  could 
be  quantitatively  determined  by  alkaline  hydrolysis. 

In  the  determination  of  phenylalanine  (7)  it  was  found  that 
digesting  the  protein  in  a  sealed  tube  at  110°  C.  for  2  hours  gave 
as  good  a  value  as  18  hours  in  an  open  tube.  Accordingly  similar 
hydrolyzates  in  a  sealed  tube  were  prepared  and  tryptophane, 
phenylalanine,  and  methionine  were  determined  therein  with 
satisfactory  results. 

Experimental.  The  protein  (150  mg.)  was  placed  in  a  piece 
of  glass  tubing,  about  12.5  cm.  (5  inches)  in  length,  previously 
sealed  at  one  end,  1  cc.  of  5  A  sodium  hydroxide  was  added,  and 
the  tube  was  sealed  by  pulling  out  the  open  end  in  a  Bunsen 
flame  and  then  placed  in  an  oven  at  110°  for  2  hours.  The  tube 
was  occasionally  inverted  to  be  certain  of  complete  solution  of 
the  protein.  When  the  tube  was  cool  it  was  opened,  and  the 
contents  with  washings  were  poured  into  a  25-cc.  graduate.  The 
hydrolyzate  was  then  acidified  by  the  addition  of  1  cc.  of  14  N 
sulfuric  acid  and  diluted,  with  water,  to  20  cc.  The  resulting 
solution,  approximately  0.5  N  sulfuric  acid,  while  usually  clear, 
at  times  had  some  suspended  silica,  and  therefore  was  always 
filtered.  Determinations  for  the  particular  amino  acids  were 
made  upon  5-cc.  aliquots  of  the  filtrate. 

Tryptophane  was  determined  by  the  modified  Bates  method 
(13);  phenylalanine  by  nitration,  reduction,  and  coupling  with 


l,2-naphthoquinone-4-sodium  sulfonate  (7);  and  methionine 
by  the  sodium  nitroprusside  method  of  McCarthy  and  Sullivan 
(11)  modified  slightly  by  Hess  and  Sullivan  (8).  The  proteins 
used  were  all  highly  purified  samples,  for  the  most  part  prepared 
in  this  laboratory.  The  alpha-  and  beta-globulins  of  the  mung 
and  adzuki  beans  were  preparations  furnished  some  years  ago  by 
D.  B.  Jones  of  the  U.  S.  Department  of  Agriculture.  Simultane¬ 
ously  determinations  of  tryptophane  were  made  upon  the  intact 
proteins  by  the  modified  Bates  procedure  as  described  by  Sullivan 
and  Hess  (13). 

As  detailed  in  previous  publications  (5,  11,  13)  the  procedures 
for  estimating  phenylalanine,  methionine,  and  tryptophane  are 
highly  specific,  sensitive,  and  readily  reproducible  with  an  error 
of  2  to  3%.  For  the  present  it  can  be  said  that  the  tryptophane 
and  methionine  methods  will  detect  0.02  mg.  in  1  cc.,  while  the 
phenylalanine  procedure  is  sensitive  to  6  micrograms  per  cc. 

The  results  corrected  for  moisture  and  ash,  given  in  Table  I, 
are  average  values  for  closely  agreeing  findings  from  two  to  four 
determinations.  They  may  be  compared  with  findings  in  the 
literature  made  on  various  types  of  hydrolysis,  6  to  18  hours’ 
digestion  with  55  to  57%  hydriodic  acid,  2  to  20  hours’  hydrolysis 
with  25%  sulfuric  acid  or  20%  hydrochloric  acid  with  and  with¬ 
out  urea,  or  20%  hydrochloric  acid  and  concentrated  formic  acid, 
and  6  hours’  digestion  with  5  N  sodium  hydroxide. 

SUMMARY 

The  results  for  tryptophane  are  substantially  the  same  whether 
the  alkaline  hydrolyzate  or  intact  protein  is  analyzed.  The 
phenylalanine  contents  of  squash-seed  globulin  and  casein  are 
likewise  the  same  as  those  previously  obtained  by  the  same 
method.  The  methionine  content  of  casein  is  the  same  as  that 
determined  following  hydrolysis  with  20%  hydrochloric  acid, 
w’hile  the  value  for  squash-seed  globulin  is  but  slightly  higher. 
This  method  of  hydrolysis  permits  a  rapid  assay  of  these  three 
dietary  essential  amino  acids  in  the  same  hydrolyzate,  and  is  be¬ 
ing  applied  to  such  determinations  on  a  number  of  other  purified 
proteins  in  conjunction  with  separate  determinations  of  cystine 
and  cysteine. 
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Table  I. 


Protein 


Tryptophane,  Methionine, 

Authors’  Values 


and  Phenylalanine  Content  of  Protein 

Literature  Values 


Tryptophane  Methionine 

%  % 


Squash-seed  globulin 

Conarachin 

Arachin 

a-Globulin  mung 
d-Globulin  mung 
a-Globulin  adzuki 
/3-Globulin  adzuki 
a-Globulin  lima 
d-Giobulin  lima 
Casein 


Phaseolin 


1.69° 

0.90 

0.87 

0.81 

0.53 

0.87 

1.02 

0.98 

1.17 


0.51 


1.60 

0.99 

0.88 

0.78 

0.57 

0.88 

1  *04 
0.96 
1.28 


0.49 


2.78 

2.14 

0.45 

1.39 

1.06 

2.32 

L81 
1 . 55 
3.52 


1.59 


Phenyl¬ 

alanine 

% 

5.85 

6.42 

5.99 

2.41 

5.18 

4.27 

3 99 
3.49 
5.79 


Trypto¬ 

phane 

% 

1.71  (13) 
1.02  (9) 
0.70  ( 9 ) 


1.01  (9) 
1.24  (IS) 


4.53  0.70  (9) 


Methionine 

% 

2.39  (3) 

2 . 2  (6) 

0.54  (1),  0.57 
(2),  0.67  ( 6 ) 


2.16  (1)  av. 
1.22  (1) 


Phenyl¬ 

alanine 

% 

5.82  (7) 

5 . 5  (3) 


2.31  (1) 

0.73  (1) 

3.10  to  3.52  5.0 

(1),  3.20  (5)  5 


(10), 
4  (14), 
8  (4). 
71  (7) 


°  All  the  values  in  this  vertical  column  are  upon 
hydrolyzates. 


the  intact  proteins,  the  others  upon  the  sealed-tube 


(5) 

(6) 

(7) 

(8) 
(9) 

GO) 

HD 

(12) 

(13) 
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Spectrophotometric  Determination  of  Nitrates  in 

Plating  Baths 

ALBERT  DOLANCE  AND  PAUL  W.  HEALY,  The  Cleveland  Graphite  Bronze  Company,  Cleveland,  Ohio 


A  method  for  the  determination  of  nitrates  in  silver  plating  baths, 
using  a  quartz  spectrophotometer,  is  described,  which  for  routine 
analysis  is  accurate  to  within  2.5  grams  per  liter. 

THE  wet  method  ( 2 )  for  the  determination  of  potassium  nitrate- 
cyanide  plating  baths  is  long,  tedious,  and  unsuited  to  the 
control  work  required  in  bath  maintenance.  The  possibility  of 
making  use  of  the  absorption  of  light  due  to  the  nitrate  ion  at 
305  m,u  was  considered  and  successfully  developed  to  form  a  rapid 
method. 

APPARATUS  AND  MATERIALS 

Beckman  quartz  spectrophotometer  with  tungsten  bulb  light 
source  and  10-mm.  Corex  glass  cells. 

The  precipitating  solution  is  made  up  to  contain  13.5  grams  of 
perchloric  acid,  93.6  grams  of  silver  perchlorate,  and  258  grams 
of  barium  perchlorate  per  liter. 

EXPERIMENTAL  WORK 

Spectrophotometric  Data  on  Potassium  Nitrate  Solu¬ 
tion.  In  order  to  determine  the  best  choice  of  wave  length,  a 
series  of  absorption  measurements  was  made  throughout  the 
wave-length  range  300  to  350  mu  at  concentrations  of  10,  7.5, 
5.0,  and  2.5  grams  per  liter.  The  absorption  data  shown  in 
Figure  1  indicate  that  the  maximum  in  the  absorption  curve  is 
found  at  302.5  m>i. 


Table  I.  Potassium  Nitrate 


Corrected  Density  Readings0 


M/i 

10  grams 

7 . 5  grams 

5  grams 

2 . 5  grams 

per  liter 

per  liter 

per  liter 

per  liter 

300.0 

0.638 

0.482 

0.322 

0.168 

302.5 

0.638 

0.483 

0.323 

0.166 

305.0 

0.628 

0.478 

0.318 

0.159 

307.5 

0.612 

0.465 

0.307 

0.157 

310.0 

0.578 

0.437 

0.298 

0.148 

312.5 

0 . 535 

0.406 

0.268 

0.137 

315.0 

0.475 

0.358 

0.239 

0.120 

317.5 

0  410 

0  310 

0.204 

0.104 

320.0 

0.340 

0.257 

0.169 

0.086 

325.0 

0.206 

0.156 

0.104 

0.052 

330.0 

0.106 

0.080 

0.051 

0.025 

335.0 

0.047 

0.034 

0.020 

0.009 

340.0 

0.018 

0.011 

0.004 

0.004 

350.0 

0.002 

0.000 

0.000 

0.000 

a  Beckman  quartz  spectrophotometer. 


However,  examination  of  the  data  from  which  the  curves  were 
drawn  (Table  I)  will  show  that  better  agreement  with  Beer’s  law 
is  obtained  when  the  constant  (calculated  by  dividing  the  con¬ 
centration  value  by  the  density)  is  obtained  from  the  values  at 
305  m/i. 

Higher  concentrations  of  potassium  nitrate  than  those  shown 
in  Figure  1  give  the  same  type  of  curve  but  with  the  maxi¬ 
mum  shifted  slightly  toward  the  higher  wave  lengths — e.g.,  the 
maximum  is  at  310  m/i  for  30  grams  per  liter  of  potassium  nitrate. 

The  values  given  in  Table  I  and  the  curves  obtained  are  in 
agreement  with  the  curve  for  potassium  nitrate  in  International 
Critical  Tables  in  the  range  302.5  to  312.5  m /i  (3).  Corex  cells 
were  used  at  these  wave  lengths  and  therefore  it  was  necessary 
to  correct  the  readings  obtained.  This  correction  was  computed 
for  each  cell  simply  by  running  through  a  set  of  cells  with  dis¬ 


tilled  water  in  each,  and  noting  the  readings.  These  readings 
were  then  applied  as  correction  to  the  readings  taken  on  the  stand¬ 
ard  solutions  and  unknowns. 

Use  of  Data  in  Analysis  of  Plating  Solutions.  The 
contents  of  the  bath  for  which  the  analysis  was  desired  were  po¬ 
tassium  silver  cyanide,  potassium  cyanide,  potassium  carbonate, 
potassium  hydroxide,  and  potassium  nitrate  (4).  Since  the  cy¬ 
anides,  carbonates,  and  hydroxides  show  light  absorption  in  the 
region  of  interest,  it  became  necessary  to  remove  these  ions. 
The  agent  best  suited  for  removing  all  these  substances  from  the 
solution  by  precipitation  was  found  to  be  a  mixture  of  perchloric 
acid,  barium  perchlorate,  and  silver  perchlorate,  since  the  per¬ 
chlorate  causes  no  interference.  It  was  necessary  to  dilute  the 
bath  to  a  standard  volume  after  the  precipitating  agent  had  been 
added,  since  different  baths  required  different  amounts  of  the 
precipitating  solution.  A  dilution  of  1  to  10  proved  most  prac¬ 
ticable. 

PROCEDURE 

Five  milliliters  of  the  plating  bath  are  placed  in  a  100-ml. 
beaker,  and  the  precipitating  solution  is  added  in  1-  or  2-ml.  por¬ 
tions  until  no  further  precipitate  is  formed.  A  convenient  way  to 
make  this  addition  is  to  use  a  medicine  dropper,  allowing  the 
precipitate  to  settle  for  2  or  3  minutes  after  each  addition.  When 
more  than  3  samples  are  run  at  once,  this  will  cause  no  delay  if 
additions  are  made  to  each  solution  in  turn.  After  an  addition 
of  precipitating  solution  causes  no  further  precipitate  to  form,  the 
beaker  is  covered  with  a  watch  glass  and  allowed  to  stand  for  at 
least  one  hour.  The  solution  is  then  filtered  through  No.  42 
Whatman  paper.  The  precipitate  is  washed  down  at  least  3 
times  with  distilled  water,  the  washings  being  collected  in  the 
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same  beaker  used  for  the  filtrate.  The  filtrate  is  now  diluted  to 
50  ml.  An  ordinary  graduate  will  do  very  well  for  the  dilution. 
The  sample  should  be  run  soon  after  dilution,  since  standing  for 
more  than  an  hour  will  cause  some  additional  silver  salts  to  pre¬ 
cipitate.  The  solution  is  run  in  10-mm.  Corex  glass  cells. 

Calculation.  Using  the  formula  No.  of  grams  per  liter  =  Rq 

density 

(the  reciprocal  of  the  constant  usually  obtained  when  the  Beer- 
Lambert  law  applies),  we  have  from  the  third  column  of  Table  I, 
7.5 

opposite  305  —  =  15.7.  Then  (Ko  X  10)  X  density  = 

grams  per  liter  of  KNO3  or  157  XO  =  grams  per  liter  of  KN03. 

Ko  is  multiplied  by  10,  since  the  sample  is  diluted  1  to  10  be¬ 
fore  readings  are  made.  Thus  if  the  density  reading  is  0.378  (cor¬ 
rected),  the  bath  contains  157  X  0.378  =  59.3  grams  per  liter  of 
KN03. 

Table  II  gives  the  results  obtained  from  three  baths  made 
up  for  test  purposes. 

CONCLUSION 

For  routine  analyses  of  silver  plating  baths  ranging  in  potas¬ 
sium  nitrate  content  from  0  to  120  grams  per  liter,  where  it  is  not 
considered  necessary  to  secure  very  accurate  results  ( 1 ),  this 
method  has  been  very  satisfactory.  The  maximum  error  to  be 
expected  is  2.5  grams  of  potassium  nitrate  per  liter.  More  ac¬ 


curate  results  may  be  obtained  by  controlling  more  carefully  the 
addition  of  the  precipitating  solution,  and  by  taking  into  account 
the  slight  shift  in  the  maxima  for  varying  concentrations  of  po¬ 
tassium  nitrate. 


Table  II.  Results  Obtained 

KNOs 

Density  Readings 
(Corrected), 

305  m/n 

KNOs 

Computed 

Introduced 

First  run  Second  run 

First  run 

Second  run 

G./l. 

G./l. 

G./l. 

.15.1 

0.111  0.111 

17.4 

17.4 

30.  1 

0.194  0.196 

30.5 

30.8 

60.3 

0.378  0.384 

59.3 

60.3 
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Vitamin  Retention  in  Blanched  Carrots 

Alcohol-Insoluble  Solids  as  a  Reference  Base 


FRANK  A.  LEE 

New  York  State  Agricultural  Experiment  Station,  Geneva,  N.  Y. 


Use  of  alcohol-insoluble  solids  as  a  basis  for  calculating  vitamin 
values  of  carrots  gives  consistent  results,  as  contrasted  with  those 
based  on  total  solids.  Application  of  this  method  to  other  vege¬ 
tables  is  suggested.  Special  technique  involving  the  use  of  sintered- 
glass  crucibles  is  recommended. 

MANY  authors  have  presented  vitamin  data  on  processed 
vegetables  calculated  on  both  the  wet  and  dry  basis. 
Considerable  variation  has  resulted  from  this  procedure,  and  in 
the  case  of  carotene  gains  have  sometimes  been  noted  (4).  Since 
water-soluble  components  are  known  to  be  leached  out  during 
blanching  or  cooking,  it  seemed  probable  that  apparent  gains  in 
insoluble  substances  such  as  carotene  in  carrots  might  be  ex¬ 
plained  by  loss  of  total  solids  of  the  vegetable.  Recently,  after 
completion  of  this  work,  an  article  (7)  appeared  which  lends  sup¬ 
port  to  this  view.  For  the  same  reason,  the  losses  in  water- 
soluble  substances  might  be  greater  than  reported  in  the  past. 
To  be  of  value,  a  reference  base  must  remain  substantially  un¬ 
changed  during  the  limited  periods  of  time  required  for  blanch¬ 
ing  the  vegetable. 

Carrots  were  chosen  for  the  demonstration  of  the  hypothesis 
that  the  use  of  alcohol-insoluble  solids  instead  of  total  solids  as 
the  denominator  for  calculations  might  lead  to  more  consistent 
values.  The  validity  of  the  method  must  be  tested  for  other 
vegetables;  it  is  known  that  alcohol-insoluble  solids  decrease 
during  the  pressure  cooking  of  peas  (2)  and  corn  (3). 

ANALYTICAL  PROCEDURE 

After  the  carrots  were  washed  and  peeled,  they  were  cut  into 
very  small  pieces  and  thoroughly  mixed  to  ensure  uniformity. 
The  blanched  samples  were  wiped  to  remove  excess  moisture. 


Samples  (10.00  grams)  were  weighed  on  a  torsion  balance  and 
very  finely  ground  in  a  glass  mortar.  Since  the  vegetable  must 
be  finely  ground,  so  that  complete  extraction  with  the  alcohol 
will  result,  it  is  advisable  to  use  a  mortar  that  has  previously  been 
ground  with  sand  to  ensure  a  rough  grinding  surface.  The  sam¬ 
ple  was  transferred  to  a  500-ml.  Erlenmeyer  flask  with  250  ml. 
of  80%  ethyl  alcohol.  It  was  then  attached  to  a  return  flow  air 
condenser  about  60  cm.  long,  heated  on  the  steam  bath  until 
boiling  started,  and  allowed  to  simmer  for  30  minutes.  Follow¬ 
ing  this,  it  was  filtered  hot  through  a  tared  sintered-glass  crucible, 
and  washed  with  about  200  ml.  of  hot  80%  ethyl  alcohol,  until 
the  residue  in  the  crucible  was  white  or  nearly  so.  All  traces  of 
yellow  color  were  removed  by  this  treatment.  It  was  then  dried 
overnight  in  an  air  oven  at  a  temperature  of  95°  C.  The  weight 
of  the  alcohol-insoluble  residue  multiplied  by  10  gave  the  percent¬ 
age  of  alcohol-insoluble  solids.  These  crucibles  can  be  easily 
cleaned  with  boiling  aqua  regia. 

Total  solids  were  determined  by  drying  10.00-gram  samples  in 
a  vacuum  oven  at  70°  C.  for  48  hours. 

Carotene  was  determined  by  the  diphasic  method  (.5). 


DISCUSSION  AND  RESULTS 

Evidence  is  presented  in  this  paper  that  the  percentage  of  al¬ 
cohol-insoluble  solids  in  the  carrot  is  substantially  the  same  after 


Table  I.  Alcohol-Insoluble  Solids  in  Carrots 

(Percentage  based  on  original  fresh  weight) 

Sample  Alcohol-Insoluble  Solids 

% 

Raw  3.48 

Blanched  5  minutes  3.20 

Blanched  10  minutes  3.37 

Blanched  20  minutes  3.36 

Blanched  30  minutes  2.88 
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Table  II.  Carotene  Content  of  Processed  Carrots 

(Calculated  on  the  basis  of  dry  weight  and  of  alcohol-insoluble  solids) 


Treatment 


Raw 

Blanched  1  min.  in 
boiling  water 
Blanched  3  min.  in 
boiling  water 
Blanched  5  min.  in 
boiling  water 
Blanched  10  min.  in 
boiling  water 
Blanched  20  min.  in 
boiling  water 
Blanched  30  min.  in 
boiling  water 
Autoclaved  at  10  lb. 
for  12  minutes 


Total 

Solids 

Alcohol- 

Insoluble 

Solids, 

Wet 

Basis 

Carotene, 

Wet 

Basis 

Carotene, 

Dry 

Weight 

In¬ 

crease 

Carotene, 

Alcohol- 

Insoluble 

Solids 

In¬ 

crease 

% 

% 

y/g. 

y/g. 

y/g. 

% 

12.74 

3.46 

88 

690 

.... 

2530 

11.24 

3.36 

91 

810 

17.4 

2720 

7.5 

9.87 

3.46 

90 

910 

31.9 

2600 

2.7 

9.58 

3.39 

93 

970 

40.1 

2750 

8.7 

8.71 

3.43 

90 

1030 

49.4 

2620 

3.6 

7.84 

3.35 

90 

1145 

66.0 

2680 

5.9 

6.39 

3.24 

91 

1430 

107.2 

2820 

11.4 

13.52 

3.83 

104 

770 

11.6 

2710 

7.1 

the  several  periods  of  blanching  listed,  and  that  the  expression  of 
carotene  on  the  basis  of  alcohol-insoluble  solids  gives  relatively 
constant  results,  in  contrast  with  progressively  increasing  results 
on  the  dry  weight  basis. 

The  principal  application  for  the  use  of  the  alcohol-insoluble 
solids  reference  base  is  in  the  expression  of  blanching  losses,  the 
process  in  which  losses  of  soluble  solids  occur. 

The  figures  in  Table  I  show  that  alcohol-insoluble  solids  in  the 
carrot  (Nantes  variety)  are  substantially  unaltered  by  blanching 
in  boiling  water,  at  least  for  the  periods  of  time  ordinarily  used. 
These  figures  were  obtained  by  weighing  the  samples  before 
blanching  in  boiling  water,  and  grinding  and  analyzing  them 
directly  after  blanching,  without  reweighing.  In  carrying  out 
this  operation,  some  difficulty  was  encountered  because  of  the 


advocated  until  it 
consideration. 


tendency  of  material  to  slough  off  during 
blanching.  This  could  account  for  the 
low  result  obtained  in  the  case  of  the 
soft  product  produced  by  the  30-minute 
blanch. 

Table  II  illustrates  the  great  decrease 
of  total  solids  which  occurs  during  the 
blanching  of  carrots  in  water,  the  large 
apparent  increases  in  carotene  which  are 
recorded  on  the  basis  of  total  solids,  and 
the  constancy  of  the  carotene  values  when 
expressed  on  the  basis  of  alcohol-insoluble 
solids. 

The  relative  constancy  of  the  results 
when  expressed  on  the  wet  basis  indi¬ 
cates  that  as  far  as  carrots  are  con¬ 
cerned,  the  loss  of  soluble  solids  is  closely 
compensated  by  uptake  of  water.  How¬ 
ever,  the  use  of  the  wet  basis  cannot  be 
is  tested  for  the  particular  product  under 
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A  Multiple  Still 

For  Use  in  the  Willard-Winter  Separation  of  FI  uorine 

H.  V.  CHURCHILL 

Aluminum  Company  of  America,  New  Kensington,  Pa. 


THE  determination  of  fluorine  in  a  variety  of  materials  has 
become  increasingly  important.  The  accepted  method  for  iso¬ 
lating  or  separating  fluorine  from  organic  or  inorganic  matrices 
(after  ashing  if  necessary)  is  the  Willard-Winter  distillation  of 
fluosilicic  acid.  In  many  laboratories  the  volume  of  work  is  such 
that  many  distillations  must  be  made  daily.  This  problem  of 
multiple  distillations  has  been  solved  at  Aluminum  Research 
Laboratories  with  the  design  and  construction  of  a  twelve-unit 
still.  Figure  1  shows  the  parts  and  details  of  the  apparatus. 

The  apparatus  is  operated  as  follows  in  the  analysis  of  samples 
which  require  a  double  distillation — i.e.,  a  first  distillation  at 
165°  C.  and  a  second  at  135°  C. 

Introduce  known  amounts  of  the  samples  into  the  Claissen 
flasks,  2,  wash  down  the  necks  and  sides  of  the  flasks  with  water, 
and  add  enough  water  to  make  up  the  volume  to  50  to  75  ml. 
Stopper  the  flasks  and,  with  the  aid  of  a  small  funnel  connected  to 
the  inlet  tube,  cautiously  add  35  ml.  of  concentrated  sulfuric  acid 
to  each  flask.  Rinse  out  the  funnel  each  time  with  a  little  water. 
After  sulfuric  acid  has  been  added  to  all  flasks,  shake  the  flasks 
so  that  the  sulfuric  acid  and  water  are  thoroughly  mixed.  Con¬ 
nect  the  distillation  flasks  to  the  steam  flask  with  rubber  tubing. 
Close  the  steam  inlet  clamp,  5,  on  each  of  the  steam  generating 
flasks.  Light  the  burners,  9,  under  all  the  flasks,  using  a  high 


flame  for  the  steam  generating  flask  and  a  low  flame  for  the  dis¬ 
tillation  flasks.  Steam  should  be  generated  before  the  tempera¬ 
ture  of  165°  C.  is  attained  in  the  distillation  flasks. 

As  soon  as  165°  C.  is  reached  in  any  flask,  open  clamp  5  on  the 
steam  inlet  tube,  close  the  clamp  4  on  the  steam  release  tube,  and 
regulate  flame  9  under  the  steam  generating  flask  so  that  the  pres¬ 
sure  is  not  too  great — that  is,  so  the  distillate  as  it  comes  from  the 
condenser,  3,  is  cool.  When  165°  C.  is  reached  in  the  remainder 
of  the  flasks,  repeat  the  above  procedure,  at  the  same  time  lower¬ 
ing  the  flames  under  the  distillation  flasks  so  as  to  maintain  the 
desired  temperature.  The  steam  inlet  tubes  in  all  the  flasks 
should  be  immersed  to  about  the  same  depth.  Temperatures  and 
rate  of  distillation  are  controlled  entirely  by  adjustment  of  the 
flame  under  each  flask. 

As  soon  as  enough  distillate  is  collected  from  any  sample  (about 
350  ml.),  disconnect  the  rubber  tubing  from  the  steam  inlet  tube, 
close  the  steam  inlet  clamp,  5,  turn  out  the  flame  under  the  distil¬ 
lation  flask,  and  readjust  the  flame  under  the  steam  generating 
flask  so  as  to  maintain  the  correct  pressure  in  the  remaining  sam¬ 
ples.  There  is  usually  a  slight  lapse  of  time  between  completion 
of  the  various  samples,  so  that  when  sufficient  distillate  has  been 
collected  in  any  receiver,  the  above  procedure  should  be  followed. 
However,  when  sufficient  distillate  has  been  collected  from  the 
last  sample  served  by  one  steam  generator,  the  rubber  tube  is 
disconnected  and  the  steam  release  clamp  opened  to  prevent  forma¬ 
tion  of  a  vacuum  in  the  steam  generating  flask.  The  flame  under 
the  distillation  flask  must  have  been  turned  out  immediately 
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Figure  1.  Multiple  Fluorine  Still 


1.  2000-ml.  Pyrex  steam  generating  flasks 

2.  Modified  Claissen  flasks,  250-ml.  Pyrex  (Fisher  Scientific  Co.  Catalog  No.  10-171) 

3.  300-mm.  Liebig  condensers 

4.  Steam  release  clamp  position 

5.  Steam  inlet  clamps 

6.  Thermometers  (200°  C.,  of  sufficient  length  that  1  30°  C.  mark  is  above  stopper) 

7.  Water  distributor 

8.  Water  outlet 

9.  Fisher  burners  (one  for  each  analytical  flask  and  each  steam  generator) 

10.  Metal  sheet,  with  twelve  2-inch  holes  for  Claissen  flasks  and  four  3-inch  holes  for  steam  generating  flasks,  arranged  as  in  photograph 

11.  Wire  triangles  for  steam  generating  flasks 

1 2.  Metal  angle 

1  3.  Gas  distributor 

14.  Receivers  (250-ml.  volumetric  flasks  or  400-ml.  Pyrex  beakers) 

Additional  equipment  required:  stoppers  to  fit  flasks  and  condensers;  glass  tubing,  6  mm.  in  outside  diameter;  and  necessary  rubber  tubing 


when  sufficient  distillate  was  collected.  It  is  also  necessary  to 
have  the  steam  release  clamp,  4,  on  the  steam  generating  flask 
open  at  the  start  of  the  distillation  since,  if  this  were  closed,  to¬ 
gether  with  the  three  steam  inlet  clamps,  dangerous  pressure 
might  develop. 

Distill  about  350  ml.  of  liquid  from  each  sample  and  catch  in 
a  400-ml.  beaker,  14.  Add  a  few  drops  of  phenolphthalein,  and 
make  each  distillate  alkaline  with  sodium  hydroxide  pellets. 
Then  evaporate  the  distillates  just  under  the  boiling  temperature 
(to  avoid  mechanical  loss)  to  a  volume  of  10  to  15  ml.,  and  trans¬ 
fer  them,  with  the  aid  of  a  little  water,  to  the  distillation  flasks, 
which  have  been  thoroughly  cleaned.  Police  the  beakers  with  a 
rubber  policeman,  and  transfer  the  rinsings  to  the  distillation 
flask.  The  total  volume  should  be  about  50  ml.  Stopper  the 
flasks  and  proceed  as  before  with  the  following  exceptions: 

Use  perchloric  acid  instead  of  sulfuric  acid,  and  maintain  the 
temperature  at  135°  ±  1  °  C.  If  the  fluorine  content  is  low,  the 
distillates  may  be  caught  in  two  100-ml.  volumetric  flasks,  taking 
a  total  of  200  ml.  If  the  original  sample  volume  was  not  more 
than  75  ml.,  most  of  the  fluorine  will  be  in  the  first  100-ml.  por¬ 
tion.  The  reason  for  doing  this  is  to  concentrate  the  fluorine  in 
the  first  100-ml.  portion,  so  as  to  obtain  a  determinable  amount  by 
thorium  nitrate  titration.  However,  both  portions  are  analyzed, 
taking  suitable  aliquots.  Often  the  entire  second  portion  may  be 
titrated.  However,  if  the  fluorine  content  is  of  sufficient  concen¬ 


tration,  it  is  best  to  catch  250  ml.  of  distillate  in  a  250-ml.  volu¬ 
metric  flask  and  then  take  an  aliquot  to  obtain  a  suitable  portion 
for  titration. 

This  type  of  multiple  still  has  been  successfully  operated  for 
several  years  in  Aluminum  Company  of  American  laboratories. 
The  only  modification  of  the  original  assembly  which  has  been 
found  desirable  is  the  substitution  of  the  currently  available 
Claissen  flasks  with  side  arms  so  constructed  that  the  outlet  tube 
is  flush  with  the  top  of  the  side  arm.  One  operator  can  readily 
distill  24  samples  in  one  laboratory  working  day,  when  two  distil¬ 
lations  are  used  on  each  sample.  In  cases  where  only  one  distilla¬ 
tion  is  required,  36  analyses  for  fluorine  may  be  completed  each 
day. 
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An  Improved  Gas  Absorber 

Application  to  Determination  of  Butadiene 
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An  absorber  of  the  contact  gas  type  is  described,  which  can  be 
used  to  determine  butadiene  in  gaseous  mixtures  that  are  suitable 
for  analysis  by  the  Tropsch-Mattox  or  similar  absorbers  and  is 
applicable  to  other  methods  of  gas  analysis  where  a  minimum  amount 
of  reagent  is  to  be  used  with  efficient  absorption. 


BECAUSE  of  the  increasing  demand  for  butadiene  for  the 
manufacture  of  synthetic  rubber,  considerable  work  has 
been  done  on  spectrophotometric  and  other  methods  for  deter¬ 
mining  butadiene  in  mixtures  and  assaying  the  purity  of  product 
butadiene.  However,  the  method  described  by  Tropsch  and 
Mattox  ( 6 )  based  on  the  selective  absorption  of  butadiene  by 
maleic  anhydride  is  still  in  use.  The  original  U-shaped  absorber 
described  by  Tropsch  and  Mattox  has  not  been  entirely  satis¬ 
factory  for  rapid  work  and  a  number  of  modifications  of  this  ab¬ 
sorber  and  of  other  absorbers  for  the  same  purpose  have  been 
made  ( 1 ,  2,  /).  The  principal  objections  to  the  Tropsch  and 
Mattox  absorber  are  the  need  for  careful  pressure  control  during 
the  absorption  step  to  avoid  desorption  of  dissolved  gases  from 
the  maleic  anhydride,  the  large  number  of  passes  usually  required 
for  complete  absorption,  and  the  danger  of  clogging  due  to  con¬ 
densation  of  volatilized  maleic  anhydride. 

The  absorber  described  in  this  paper  can  be  used  to  determine 
butadiene  in  gaseous  mixtures  which  are  suitable  for  analysis  by 
means  of  the  Tropsch-Mattox  or  similar  absorbers.  It  is  also 
applicable  to  other  methods  of  gas  analysis  where  a  minimum 
amount  of  reagent  is  to  be  used  with  efficient  absorption.  It  is 
especially  advantageous  for  the  use  of  absorbents  which  are 
solids  or  react  too  slowly  at  room  temperature  and  which  there¬ 
fore  have  to  be  used  at  an  elevated  temperature. 

The  absorber  is  of  the  contact  gas  type  and  has  the  usual  ad¬ 
vantages  of  that  type  of  absorber,  including  a  large  area  of  con¬ 
tact  between  gas  and  absorbent.  The  essential  principle  of  the 
method,  involving  the  use  of  a  small  amount  of  liquid  or  solid 
reagent  supported  by  a  suitable  confining  liquid  such  as  oil  or 
mercury,  is  not  new  and  has  been  used  by  the  Phillips  Petroleum 
Company  and  the  Dow  Chemical  Company  (2)  in  butadiene  ab¬ 
sorbers. 

APPARATUS 

The  apparatus  consists  of  a  sampling  unit,  a  gas-measuring 
unit,  and  an  absorption  unit  as  shown  in  Figure  1. 

The  measuring  unit  consists  of  a  water-jacketed  100-ml.  gas 
buret,  approximately  75  cm.  long,  equipped  with  an  off-center 
bore  stopcock,  and  a  leveling  bulb.  The  gas  is  measured  over 
mercury.  The  buret  is  equipped  with  12/1  spherical  socket 
joints  by  means  of  which  the  buret  is  connected  to  the  absorption 
and  sampling  units.  The  sampling  system  consists  of  a  short 
manifold  having  a  capillary  bore  three-way  stopcock  and  con¬ 
nected  to  a  2-ml.  liquid  sample  ampoule  and  a  500-ml.  gas  am¬ 
poule  by  12/5  socket  joints.  The  gas  ampoule  which  uses  mer¬ 
cury  as  a  displacement  liquid  has  stopcocks  at  both  ends  and  is 
connected  at  the  lower  end  to  a  500-ml.  leveling  bulb  by  a  length 
of  rubber  tubing.  The  stopcocks  are  preferably  of  the  pressure 
type. 

The  absorption  unit  consists  of  a  contact  chamber  made  from 
an  inverted  250-ml.  Pyrex  leveling  bulb  which  is  packed  with 
pieces  of  Pyrex  rod,  6  to  10  mm.  long  and  6  mm.  in  diameter. 
The  upper  end  of  the  contact  chamber  is  attached  to  capillary 
tubing,  1.5  mm.  in  inside  diameter,  extending  vertically  for 
about  3  cm.,  at  which  point  it  is  bent  horizontally.  A  line, 


marked  on  the  vertical  tube  1  cm.  above  the  contact  chamber, 
serves  as  a  reference,  point.  The  horizontal  portion  is  15  cm. 
long,  ending  in  a  12/1  ball  joint.  At  a  point  4  cm.  from  the  ball 
joint,  a  2-mm.  inside  diameter  capillary  stopcock  with  an  off- 
center  bore  is  attached  to  the  line.  The  neck  of  the  leveling  bulb 
is  provided  with  a  lip  to  allow  the  passage  of  mercury  in  and  out 
of  the  bulb.  If  the  absorbent  seems  to  volatilize  into  the  tubing, 
the  apparatus  can  be  modified  by  extending  the  tubing  from  the 
contact  chamber  vertically  for  3  cm.,  then  obliquely  at  a  30°  angle 
for  6  cm.,  and  horizontally  for  6  cm. 

The  contact  chamber  is  held  in  a  600-ml.  beaker  by  a  suitable 
arrangement  such  as  the  following:  The  600-ml.  beaker  is  heated 
to  redness  about  2.5  cm.  (1  inch)  above  the  point  corresponding 
to  the  position  of  the  widest  part  of  the  leveling  bulb  when  the 
apparatus  is  assembled.  The  glass  is  pushed  inward  at  this  point 
to  form  a  projection.  This  operation  is  repeated  once  or  twice  to 
form  two  or  three  symmetrically  arranged  projections.  The 
leveling  bulb  is  heated,  and  grooves  are  pressed  on  the  widest 
part,  so  that  the  bulb  can  be  inserted  within  the  beaker  despite 
the  projections.  After  insertion  of  the  bulb,  a  turn  of  the  beaker 
locks  it  in  place. 


The  600-ml.  beaker  contains  mercury  which  is  the  confining 
fluid  for  the  maleic  anhydride;  100  ml.  of  mercury  in  excess  of 
the  amount  to  fill  the  packed  contact  chamber  are  used.  The 
600-ml.  beaker  rests  in  a  1500-ml.  beaker,  being  supported  by  a 
triangle  of  glass  rod  covered  with  rubber  tubing.  The  larger 
beaker,  which  contains  distilled  water  rests  on  an  electric  hot 
plate.  The  water  level,  which  should  be  kept  at  or  above  the 
reference  line,  is  above  the  top  of  the  inner,  600-ml.  beaker  and 
provides  a  seal  to  prevent  the  evaporation  of  mercury  with  the 
resulting  mercury  hazard. 

The  water  lost  by  evaporation  must  be  replaced.  This  can  be 
readily  done  by  adjusting  the  dropping  rate  of  a  separatory  fun¬ 
nel  which  is  used  as  a  water  reservoir.  An  oil  bath  kept  at  any 
desired  temperature  may  be  more  convenient. 

INTRODUCTION  AND  REMOVAL  OF  REAGENT 

Five  grams  of  c.p.  maleic  anhydride  are  used  in  the  absorber 
and  are  replaced  when  300  ml.  of  butadiene  have  been  absorbed. 
If  isobutylene  is  present  in  the  sample,  2%  of  diamylamine  is 
added  to  the  maleic  anhydride  to  prevent  polymerization  of  the 
isobutylene. 

Removal  of  Maleic  Anhydride  from  the  Absorber.  Heat 
the  apparatus  until  the  bath  is  at  least  90°  C.  Raise  the  liquid 
in  the  contact  chamber  to  the  reference  line  of  the  capillary  tube. 
Discard  the  gas  which  is  in  the  buret.  Raise  the  mercury  from 
the  buret  to  the  stopcock  of  the  absorption  unit  and  close  the 
buret  stopcock. 
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Attach  to  the  stopcock  of  the  absorption  unit  by  means  of  a 
short  length  of  rubber  tubing  provided  with  a  Hoffman  clamp  a 
trap  consisting  of  an  evacuated  200-ml.  round-bottomed  flask 
fitted  with  a  one-hole  rubber  stopper  and  a  glass  tube.  Heat  the 
capillary  line  and  stopcock  of  the  absorption  unit  with  a  small 
Bunsen  burner  until  they  are  just  too  hot  to  touch.  Open  both 
the  Hoffman  clamp  and  the  absorption  unit  stopcock,  and  allow 
the  maleic  anhydride  and  about  10  ml.  of  mercury  to  flow  into 
the  trap.  Close  the  absorption  unit  stopcock.  Replace  in  the 
600-ml.  beaker  the  approximate  amount  of  mercury  withdrawn. 

Introduction  of  Maleic  Anhydride.  Perform  the  steps 
in  the  first  paragraph  of  the  directions  for  the  removal  of  maleic 
anhydride  before  introducing  fresh  maleic  anhydride  unless  these 
conditions  have  already  been  obtained  during  removal  of  used 
maleic  anhydride. 

Carefully  melt  about  5  grams  of  maleic  anhydride  in  a  crucible 
in  a  hood.  Heat  the  capillary  line  and  stopcock  of  the  absorption 
unit  with  a  small  Bunsen  burner  until  they  are  just  too  hot  to 
touch.  While  the  tube  below  the  stopcock  of  the  absorption 
unit  dips  into  the  molten  maleic  anhydride,  open  the  stopcock  and 
allow  the  anhydride  to  flow  into  the  contact  chamber. 


PROCEDURE  FOR  DETERMINATION  OF  BUTADIENE 


Liquid  samples  are  completely  vaporized  from  the  small  am¬ 
poule  into  the  gas  reservoir  ampoule.  The  vaporized  gas  sample 
in  the  gas  reservoir  should  be  mixed  by  alternately  decreasing 
and  increasing  the  pressure  by  lowering  and  raising  the  mercury- 
containing  leveling  bulb  attached  to  the  gas  reservoir  ampoule. 
Ampoules  containing  gas  samples  may  be  attached  in  place  of  the 
gas  reservoir  ampoule.  Dilution  of  samples  with  an  inert  gas, 
saturation  of  the  reagent  with  residual  gas,  or  similar  experimen¬ 
tal  devices  may  be  used  if  necessitated  by  the  nature  of  the 
sample. 

Low  and  Intermediate  Concentrations.  After  the  bath 
has  begun  to  boil,  raise  the  maleic  anhydride  to  the  reference  line 
of  the  capillary  tube.  Measure  to  the  nearest  0.1  ml.  about  50 
ml.  of  the  gas  to  be  analyzed  and  then  pass  the  gas  into  the  ab¬ 
sorber.  After  2  minutes,  withdraw  most  of  the  residual  gas  from 
the  contact  chamber  and  then  return  it  to  the  contact  chamber. 

After  2  minutes  return  the  residual  gas  to  the  buret,  raising  the 
maleic  anhydride  to  the  reference  line;  close  the  buret  stopcock 
and  measure  the  residual  gas  volume. 

Repeat  the  absorption  process  until  constant  volume  is  ob¬ 
tained,  and  then  discard  the  residue.  Analyze  additional  samples 
from  the  gas  ampoule  until  the  per  cent  absorbed  in  consecutive 
trials  is  constant. 
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If  desired,  larger  gas  samples  can  be  used.  The  packed  250- 
ml.  bulb  will  hold  safely  75  ml.  of  gas;  larger  samples  can  be 
analyzed  by  using  an  absorber  constructed  from  a  larger  leveling 
bulb.  If  the  sample  contains  a  relatively  high  percentage  of  buta¬ 
diene — e.g.,  40%  or  over — a  100-ml.  sample  can  be  used  with  the 
250-ml.  absorber,  owing  to  the  rapid  absorption  of  the  buta¬ 
diene;  care  should  be  taken  that  the  volume  of  sample  in  the 
absorber  at  any  one  time  does  not  exceed  60  or  70  ml. 

Pure  Butadiene.  This  procedure  is  suitable  for  the  assay  of 
nearly  pure  butadiene  (97  to  100%)  containing  only  C3  and  C4 
hydrocarbons  as  impurities. 

After  the  bath  has  begun  to  boil,  raise  the  maleic  anhydride 
level  to  the  reference  line  of  the  capillary  tube. 

If  the  maleic  anhydride  has  been  used  previously,  carefully 
measure  about  40  ml.  of  dry  nitrogen  or  air  and  introduce  it  into 
the  absorber.  After  2  minutes,  withdraw  the  nitrogen  into  the 
buret,  raising  the  anhydride  to  the  same  reference  line;  close 
the  buret  stopcock,  and  measure  the  volume.  If  the  volume  has 
changed  by  more  than  0.1  ml.,  repeat  the  process  with  another 
sample  of  nitrogen  until  the  volume  remains  constant.  Finally, 


raise  the  maleic  anhydride  to  the  reference  line  and  discard  the 
residual  gas. 

Carefully  measure  about  10  ml.  of  dry  nitrogen  and  introduce 
it  into  the  absorber.  The  nitrogen  is  intended  to  dilute  the  im¬ 
purities  of  the  sample,  so  that  the  error  due  to  their  solubility  in 
maleic  anhydride  is  reduced,  and  to  facilitate  the  measurement 
of  the  residual  gas.  Carefully  measure  about  100  ml.  of  gas 
sample  in  the  buret.  Introduce  the  sample  at  such  a  rate  that 
no  more  than  50  ml.  of  gas  is  in  the  pipet  at  any  time.  The  rapid 
absorption  of  butadiene  makes  this  possible.  Expose  the  re¬ 
sidual  gas  to  the  reagent  for  2-minute  periods  until  the  volume  is 
constant. 

Analyze  additional  samples  from  the  gas  ampoule  until  the  per 
cent  absorbed  in  consecutive  trials  is  constant. 

%  butadiene  = 

/sample  volume  +  nitrogen  volume  —  final  volume \ 
\  sample  volume  / 

The  accuracy  is  usually  0.2%  as  compared  to  the  gravimetric 
method. 

If  it  is  desired  to  convert  the  volume  per  cent  of  butadiene  to 
weight  per  cent,  the  corrected  volume  per  cent  which  equals  the 
mole  per  cent  is  multiplied  by  the  ratio  of  the  density  or  specific 
gravity  of  butadiene  to  that  of  the  gas  sample  at  the  temperature 
and  pressure  concerned.  The  volume  per  cent  found  experimen¬ 
tally  may  be  corrected  for  deviations  from  the  ideal  gas  laws  as 
described  by  Robey  and  Morrell  (5). 

Nitrogen  or  n-butane  is  preferred  to  air  by  some  for  flushing 
of  the  system  and  dilution  of  the  sample,  since  oxygen  apparently 
contributes  to  the  production  of  a  viscous  condition  in  the  re¬ 
agent  (3). 

The  gas  sample  may  be  added  to  a  measured  volume  of  dilu¬ 
ent  gas  in  the  buret  and  the  absorption  performed  after  the  two 
gases  have  mixed.  This  practice  seems  more  desirable  for  main¬ 
taining  equilibrium  saturation  of  the  maleic  anhydride  with 
physically  dissolved  compounds. 

DISCUSSION 

The  apparatus  is  readily  made,  rarely  broken,  and  easily  op¬ 
erated.  The  dead  space  is  small.  The  whole  sample  is  exposed 
to  the  reagent  at  the  same  time,  obviating  the  need  of  repeated 
passage  through  the  absorbent  as  is  necessary  with  the  usual  U- 
shaped  absorber.  An  added  advantage  of  this  absorber  is  the 
almost  complete  absence  of  clogging  due  to  condensation  of  vola¬ 
tilized  or  entrained  maleic  anhydride.  The  time  required  for  the 
evaporation  of  a  liquid  sample  of  pure  butadiene  and  the  analysis 
of  the  resulting  gas  is  35  to  40  minutes;  a  check  analysis  can  be 
made  in  15  minutes’  additional  time.  A  gas  sample  can  be 
analyzed  in  20  minutes.  The  working  time  is  about  10  minutes 
less  than  the  over-all  time. 

The  absorber  described  has  been  used  both  in  the  analysis  of 
research  samples  and  in  plant  control  for  the  past  two  years  and 
has  proved  entirely  satisfactory. 
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A  Photoelectric  Recording  Polarograph 

With  Unitized  Constant-Temperature  Cell  Assembly 

LOUIS  LYKKEN,  D.  J.  POMPEO,  AND  J.  R.  WEAVER,  Shell  Development  Company,  Emeryville,  Calif. 


The  polarograph  discussed  is  a  convenient  photoelectric  recording 
instrument  designed  for  use  in  precise,  practical  polarographic 
analysis.  The  polarograms  are  automatically  traced  on  paper  in 
plain  sight  of  the  operator.  A  unitized  electrode  and  cell  assembly, 
which  operates  at  a  constant  temperature,  is  described. 

COMMERCIALLY  available  instruments  for  obtaining  po- 
larographic  current-voltage  curves  can  be  divided  into  three 
classes:  (1)  manually  operated  indicating  instruments  which 
make  use  of  either  a  lamp-and-scale  galvanometer  or  a  microam¬ 
meter  to  indicate  the  current;  (2)  instruments  which  automati¬ 
cally  obtain  and  photographically  record  current-voltage  curves; 
and  (3)  the  newest  type  which  automatically  traces  an  amplified 
current-voltage  curve  directly  on  paper  by  means  of  a  recording 
pen.  The  last  type  of  instrument  has  an  important  advantage  in 
that  a  permanent  visible  record  of  the  polarographic  wave  is  traced 
while  the  voltage  range  is  being  covered,  without  recourse  to 
photographic  processes  and  without  plotting  points  and  drawing 
curves. 

The  polarograph  recorder  described  here  is  also  constructed 
upon  the  direct  pen-recording  principle  but  differs  from  commer¬ 
cial  instruments  in  that  the  pen  closely  follows  a  galvanometer 
light  beam  actuated  by  the  original  unamplified  current  and  thus 
rapidly  traces  a  highly  accurate  current-voltage  curve.  Because 
of  this,  and  the  instant  visibility  of  the  automatic,  permanent 
record  produced,  this  instrument  is  well  adapted  to  both  routine 
analysis  and  polarographic  research. 


Although  a  number  of  improved  cell  and  electrode  designs  have 
appeared  in  the  literature,  none  appears  as  a  counterpart  of  com¬ 
mercially  available  polarographs.  Generally,  the  commercially 
available  cell  assemblies  are  delicate,  hard  to  clean,  and  generally 
unsatisfactory  for  industrial  use;  none  provides  for  temperature 
control.  As  a  result,  it  is  often  necessary  to  construct  a  special  cell 
or  revamp  the  conventional  cell  in  order  to  provide  a  suitable  cell 
for  industrial  use.  The  electrode  and  cell  assembly  described  here 
is  the  result  of  a  study  to  develop  a  unit  suitable  for  general  po¬ 
larographic  applications  in  industry;  it  embodies  the  general 
features  essential  to  routine  use,  is  sufficiently  rugged  for  use  by 
persons  not  especially  trained  in  the  care  of  precision  instruments, 
and  provides  adequate  temperature  control. 

DESCRIPTION  OF  APPARATUS 

Polarograph  Design.  A  general  view  of  all  parts  of  the  po¬ 
larograph  is  shown  in  Figure  1.  The  dropping  electrode  and  cell 
assembly  is  shown  at  the  right.  In  the  middle  foreground  is  a 
shunt  resistance  for  regulating  the  galvanometer  sensitivity.  The 
shunt  gives  sensitivities  of  7i,  2/3,  72,  7s,  7i,  7s,  7?,  7io,  Vso, 

7so,  Vso,  Vm,  Vso,  7?o,  7ioo .  7io.ooo;  at  7i  the  galvanometer 

sensitivity  is  4  X  10~ 3  microampere  per  mm.  of  chart  paper.  Be¬ 
yond  the  shunt  are  the  lamp  house  and  a  D’Arsonval-type  galva¬ 
nometer.  The  galvanometer  is  mounted  on  a  pillar  by  means  of 
angle-iron  brackets  in  such  a  way  as  to  be  nearly  free  from  normal 
laboratory  vibrations.  The  slide  wire,  mounted  as  an  integral 
part  of  the  recorder,  consists  of  20  turns  of  Manganin  wire  wound 
on  a  Bakelite  drum.  Electrical  contact  is  made  at  the  two  ends 
of  the  wire  by  heavy  brass  brush  contacts  and  along  its  length  by 


Figure  1 . 


Photoelectric  Recording  Polarograph  and  Unitized 


Dropping  Mercury  Electrode  Assembly 
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a  small  trolley  which  may  be  lifted  off  the  wire  or  started  at  any 
point.  A  clutch  at  the  right  of  the  drum  engages  it  to  the  motor 
driving  the  recorder  paper  when  the  drum  is  to  be  rotated. 

Figure  2  is  a  schematic  diagram  of  the  component  parts  of  the 
polarograph  and  shows  their  relation  to  one  another.  For  sim¬ 
plicity,  a  conventional  electrode  assembly  is  illustrated  in  Figure 
2;  the  assembly  actually  used  is  described  below. 

Basic  Design  of  Recording  Device.  A  detailed  description 
of  the  photoelectric  recording  device  (photopen),  used  as  a  com¬ 
ponent  part  of  the  polarograph  described  in  this  paper,  has  been 
published  by  Pompeo  and  Penther  (5).  For  this  reason  only  a 
brief  account  of  the  recorder  is  given  here. 
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Figure  3.  Typical  Polarograms  Obtained  with 
Photoelectric  Recording  Polarograph 


The  recorder  derives  its  name  “photopen”  from  the  fact  that 
the  recording  pen  is  fixed  to  a  double  cathode  phototube  (R.C.A. 
No.  920),  so  that  both  phototube  and  pen  move  as  a  unit.  The 
phototube  is  connected  through  vacuum-tube  amplifiers  to  a  re¬ 
versible  motor  which  drives  the  combination  phototube  and  pen 
carriage.  When  the  light  beam  from  the  galvanometer  is  trained 
on  the  phototube,  a  slight  horizontal  movement  of  the  beam  in 
either  direction  will  be  accompanied  by  a  corresponding  shift 
of  the  phototube  and  recording  pen.  Thus,  any  movement  of  the 
light  beam  from  the  galvanometer  is  instantaneously  recorded  on 
the  recorder  paper  which  moves  vertically  under  the  pen  at  a 
constant  rate  and  is  driven  by  the  same  synchronous  motor  which 
drives  the  potentiometer  drum  mentioned  in  the  previous 
section.  Typical  polarograms  are  shown  in  Figure  3. 

POLAROGRAPH  CIRCUIT 

A  highly  simplified  circuit  such  as  that  shown  schematically  in 
Figure  2  lacks  the  necessary  flexibility  for  a  research  instrument  or 
for  a  routine  instrument  to  be  used  for  a  variety  of  polarographic 
analyses. 

The  circuit  actually  used,  shown  in  Figure  4,  is  very  similar  to 
the  one  advocated  by  Hoekstra  (2)  and  Semerano  (6) .  The  two 
resistors  which  may  be  placed  before  or  after  the  slide  wire  are 
especially  useful,  as  their  function  is  to  extend  the  length  of  the 
wire.  In  order  to  “stretch  out”  polarographic  waves  (especially 
at  the  top,  so  that  a  long  plateau  is  obtained),  a  resistor  in  series 
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with  the  slide  wire  is  sometimes  indispensable.  The  same  effect 
may  be  obtained  by  lowering  the  voltage  applied  across  the  slide 
wire;  this,  however,  has  a  practical  limitation,  since  the  voltage 
must  not  be  lowered  below  the  potential  necessary  to  cause  reduc¬ 
tion  and  may  not  be  possible  when  the  reduction  takes  place  at 
relatively  high  voltages  (as  in  the  case  of  the  alkali  metals) . 
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Figure  5.  Effect  of  Extra  Resistance  in  Series  with 
Slide  Wire  on  Polarographic  Wave  Form 

Cell  solution,  Na+  in  1  N  tetraethylammonium  hydroxide 

Sodium  concentration,  0.017  mg.  per  ml. 

Sensitivity,  28  X  10">  microampere  per  mm.  of  chart  paper  • 

Figure  5  shows  polarograms  of  sodium  with  and  without  the 
extra  resistance  to  illustrate  the  improvement  obtained. 

A  second  feature  of  the  circuit  is  the  extended  usefulness  of  the 
voltmeter.  A  Weston  Model  506  meter,  having  a  resistance  of 
125  ohms  per  volt  and  a  single-pole,  double-throw  switch,  makes  it 
possible  to  measure  either  the  voltage  applied  across  the  slide  wire 
(and  the  16-ohm  resistors  when  they  are  in  the  circuit)  or  the  volt¬ 
age  applied  to  the  cell  electrodes.  In  either  case  the  meter  is  in 
the  battery  circuit  rather  than  in  the  galvanometer  circuit;  thus 
the  current  flowing  through  the  meter  has  no  effect  on  the  wave 
height,  as  shown  by  the  fact  that  no  deflection  of  the  galvanometer 
is  noted  when  the  switch  is  opened  and  closed. 

While  most  polarographs  have  a  provision  for  indicating  the 
voltage  applied  to  the  electrodes,  the  actual  voltage  applied  to  the 
electrodes  is  rarely  mentioned  in  the  literature.  Instead,  it  is 
common  practice  to  report  the  half-wave  potentials  measured 


against  a  saturated  calomel  reference  electrode.  While  such  an 
outside  reference  electrode  may  be  used  with  the  cell  described, 
the  authors  and  others  ( 1 )  find  that  the  voltage  applied  to  the  elec¬ 
trodes  generally  suffices  in  describing  polarograms.  In  most  in¬ 
dustrial  polarographic  applications,  it  is  possible  to  define  the 
polarographic  wave  reproducibly  in  terms  of  the  half-wave  ap¬ 
plied  voltage  (Fi/2  is  suggested  as  a  notation);  subsequent  deter¬ 
minations  require  only  that  the  operator  note  the  applied  voltage 
at  which  the  wave  occurs. 

UNITIZED  DROPPING  MERCURY  ELECTRODE  ASSEMBLY 

The  constant-temperature  bath,  cell,  and  electrode,  assembled 
for  operation,  are  shown  in  Figure  6;  Figure  7  shows  the  dropping 
electrode  assembly  raised  and  the  cell  removed  from  the  bath. 
The  dropping  electrode  is  made  from  a  70-mm.  length  of  capillary 
tubing  having  a  bore  of  approximately  0.05  mm.  and  an  outside 
diameter  of  7  mm.  Approximately  20  mm.  of  the  tube  are  in¬ 
serted  into  a  chuck  which  ensures  positive  connection  with  the 
rubber  tubing  leading  from  the  mercury  reservoir.  Contact  to 
the  pool  of  mercury  in  the  cell  (anode)  is  made  through  the  small 
glass  tube  (to  the  left  of  the  capillary)  by  means  of  a  small  hori¬ 
zontal  platinum  disk.  To  the  right  of  the  capillary  is  a  glass  tube 
through  which  nitrogen  is  bubbled  into  the  cell  solution  to  purge 
it  of  oxygen;  just  behind  is  a  short  tube  through  which  the  nitro¬ 
gen  leaves  the  cell.  All  four  tubes  pass  through  a  rubber  plug 
permanently  mounted  in  a  standard-taper  glass  joint.  The  cell 
itself  is  shown  standing  at  the  right  of  the  constant-temperature 
bath  in  Figure  7. 

The  temperature  of  the  bath  is  controlled  by  a  mercury  thermo¬ 
static  regulator  which  operates  a  relay  controlling  the  electrical  in¬ 
put  to  a  1000-ohm.  10-watt  heater.  The  latter  is  buried  in  Alun- 
dum  cement  within  a  glass  tube.  When  necessary,  the  bath  is 
cooled  by  circulating  tap  water  through  a  glass  tube.  A  ther¬ 
mometer  and  small  stirring  motor  complete  the  bath.  By  regu¬ 
lating  the  current  to  the  heater  (by  means  of  a  rheostat)  and  the 
flow  of  tap  water  through  the  cooling  tube,  the  temperature  of  the 
cell  can  be  maintained,  in  the  vicinity  of  room  temperature,  to 
±0.1  °  C.  The  steel  rod  shown  at  the  left  of  the  bath  is  gradu¬ 
ated  in  half  centimeters  and  serves  to  support  the  electrode  as¬ 
sembly  and  the  mercury  reservoir.  Both  the  electrode  assembly 


Figure  6.  Unitized  Dropping 
Mercury  Electrode  Assembly 
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and  the  reservoir  can  be  moved  up  and  down  at  will  and  are  held 
at  preselected  heights  by  adjustable  stops. 

A  constant-temperature  bath  is  imperative  for  accurate  quan¬ 
titative  analyses.  Kolthoff  (S)  and  others  have  shown  that  the 
diffusion  current  for  most  substances  increases  1.5  to  2.0%  per 
0  C.  Control  to  at  least  ±0.5°  C.  is  essential  if  the  temperature 
error  is  to  be  commensurate  with  other  errors  influencing  the  ac¬ 
curacy  of  the  method. 

In  addition,  provision  must  be  made  for  holding  the  dropping 
mercury  electrode  at  a  constant  angle  (preferably  90°)  from  the 


Figure  7.  Dropping  Mercury  Electrode  and  Constant- 
Temperature  Bath  with  Cell  Removed 


Table  I.  Precision  Obtainable  with  Photoelectric  Recording  Polaro-- 
graph  and  Unitized  Cell  Assembly 

Cell  solution,  10  ml.  oi  1  N  HC1  containing  0.5  mg.  of  Pb 
Purging  rate,  150  ml.  of  nitrogen  per  minute 
Sensitivity,  0.04  microampere  per  mm.  of  chart  paper 
Cell  Temperature,  25°  =±=  0.1°  C. 

Room  Temperature,  27°  =*=  10°  C. 


Test 

Wave  Height 

Deviation  from  Average 

Cm. 

Cm. 

1 

4.70 

0.03 

4.78 

0.11 

2 

4.83 

0. 16 

4.75 

0.08 

3 

4.61 

w  0.06, 

4.65 

0.02- 

4 

4.68 

0.01' 

4.69 

0.02. 

5 

4.60 

0.07' 

4.61 

0.06. 

6 

4.62 

0.05, 

4.62 

0.05. 

7 

4.61 

0.00 

4.62 

0.05 

8 

4.67 

0.00. 

4.67 

0.00 

Av.  4.67 

0.05, 

horizontal.  Muller  (4)  states  that  slight  variations  in  the  slope  of 
the  capillary  produce  measurable  errors.  This  observation  is  in 
agreement  with  results  obtained  in  this  laboratory,  as  little  as  5  ° 
tilt  of  the  electrode  giving  noticeably  different  wave  heights.  The 
chuck  arrangement  for  holding  the  capillary,  shown  in  detail  in 
Figure  8,  eliminates  errors  from  this  source  and,  in  addition,  sim¬ 
plifies  the  cleaning  or  changing  of  capillaries. 

The  nitrogen  flow  system  is  shown  in  Figure  9.  Before  making, 
a  polarogram,  the  cell  is  purged  with  nitrogen,  which  passes  suc¬ 
cessively  through  the  rotameter,  bubble  tube,  four-way  stopcock, 
and  cell,  then  back  through  the  stopcock  to  a  vent  at  the  back  of; 
the  case.  Purging  is  normally  continued  for  3  minutes.  When, 
the  stopcock  is  rotated  1/4  turn,  the  circuit  is  altered  so  that  the 
cell  is  completely  protected  from  any  chance  leakage  of  gas  which 
would  stir  the  cell  solution;  any  nitrogen  leakage  is  then  vented! 
directly. 

While  a  purging  time  of  3  minutes  is  uncommonly  short  com¬ 
pared  to  the  10  or  15  minutes  usually  advocated  (3),  results  of 
the  authors’  test  indicate  that  3  minutes  is  generally  sufficient 
with  the  proposed  unitized  cell  when  using  a  flow  of  150  ml.  of  ni¬ 
trogen  per  minute.  Since  the  nitrogen  flow  rate  is  a  factor  in, 
determining  the  rate  at  which  oxygen  is  removed,  it  is  necessary 
to  maintain  a  steady,  known  flow  rate  of  nitrogen,  especially 
when  a  short  purging  time  is  used.  With  solutions  that  are  con¬ 
ducive  to  foaming  it  is  sometimes  necessary  to  decrease  the  nitro¬ 
gen  flow  rate  and  correspondingly  increase  the  purging  time. 


Figure  9.  Right  End  of  Dropping  Mercury  Assembly,  Showing 
Nitrogen  Flow  System 
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Comparisons  with  commercial  cell' assemblies  show  that  the 
proposed  unitized  cell  assembly  allows  considerable  saving  in 
time  required  for  cleaning  and  assembling  for  successive  deter¬ 
minations;  on  the  average,  five  or  six  determinations  are  possible 
within  one  hour. 

The  precision  of  the  results  obtainable  by  the  photoelectric 
recording  polarograph  and  unitized  constant-temperature  cell 
assembly  is  indicated  in  Table  I.  With  wave  heights  of  4  to  5 
cm.,  the  average  deviation  is  ±  1  %  and  the  maximum  deviation  is 
±3%,  regardless  of  the  changes  taking  place  in  room  temperature. 


LITERATURE  CITED 

(1)  Cohn  and  Kolthoff,  J .  Biol.  Chem.,  147,  705-19  (1943). 

(2)  Hoekstra,  Rec.  trav.  chim.,  50,  339-42  (1931). 

(3)  Kolthoff  and  Lingane,  “Polarography”,  New  York,  Interscience 

Publishers,  1941. 

(4)  Muller,  “Polarographic  Method  of  Analysis”,  Easton,  Pa., 

Journal  of  Chemical  Education,  1941. 

(5)  Pompeo  and  Penther,  Rev.  Sci.  Instruments,  13,  218-22  (1942). 

(6)  Semerano,  ‘‘II  Polarografo”,  Padova,  A.  Draghi,  1932. 

Presented  before  the  Division  of  Analytical  and  Micro  Chemistry  at  the 
108th  Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y. 


Apparatus  and  Procedure  for  Technical  Butadiene  Analysis 

CHARLES  L.  GREGG,  Main  Laboratory,  The  Dow  Chemical  Company,  Midland,  Mich. 


for  the  gas  volumetric  determination  of  butadiene  with  molten 
maleic  anhydride,  a  bead-packed  Hempel  pipet  type  of  absorber 
is  used  in  place  of  the  conventional  U-tube  absorber.  This  pipet 
type  of  absorber  provides  an  apparatus  much  simpler  and  easier  to 
manipulate  and  permits  more  rapid  determination  of  butadiene. 
Accuracy  equals  that  obtained  with  a  U-tube  absorber  when  equili¬ 
bration  of  reagent  to  gas  is  properly  maintained.  The  factors  affect¬ 
ing  equilibrium  between  reagent  and  gas  are  discussed,  and  a  pro¬ 
cedure  is  described  which  conforms  to  the  requirements  of  these 
factors. 

IN  ORDER  to  sustain  research  requiring  the  analysis  of  a  large 
number  of  butadiene  samples,  an  apparatus  was  desired  with 
which  the  butadiene  content  could  be  determined  with  facility. 
At  the  time  work  Was  started  in  1937,  previously  described  equip¬ 
ment  ( 3 ,  4)  did  not  seem  to  lend  itself  well  to  the  task.  The  ap¬ 
paratus  adopted  for  this  purpose  is  shown  in  Figure  1. 

In  this  apparatus  the  butadiene  is  absorbed  in  a  small  amount 
of  molten  maleic  anhydride  retained  in  the  bead-packed  absorp¬ 
tion  chamber  over  mercury.  The  entire  sample  comes  in  con¬ 
tact  with  the  reagent  spread  as  a  film  over  the  surface  of  the 
exposed  beads.  Agitation  of  the  gas,  imparted  through  the  mer¬ 
cury,  ensures  intimate  contact  of  gas  and  absorbent.  Because 
of  the  greater  contact,  the  butadiene  is  absorbed  more  rapidly  in 
this  pipet  than  in  the  U-tube  type  of  absorber  devised  by  Tropsch 
and  Mattox  (3). 

The  apparatus  is  designed  to  eliminate  stopcocks  where  they 
are  likely  to  be  troublesome.  There  is  only  one  connection  to  the 
pipet — that  of  the  buret — and  the  gas  path  is  only  between  the 
absorber  and  the  buret.  This  eliminates  an  additional  gas 
reservoir  with  its  accompanying  mercury  leveling  bulb.  The 
assembled  butadiene  analyzer  requires  the  manipulation  of  only 
one  mercury  bulb.  The  resulting  simplified  manipulation  is  the 
chief  advantage  of  the  equipment,  enabling  an  analyst  to  operate 
the  equipment  for  a  day  without  undue  strain  and  with  an  effi¬ 
ciency  which  accomplishes  an  increased  number  of  analyses. 
The  characteristic  long  hairpin-bent  capillary  of  the  Hempel 
pipet,  with  the  improvement  suggested  by  Lucas  ( 1 )  provides 
some  check  against  accidental  withdrawal  of  the  reagent  from 
the  absorber. 

With  this  equipment,  as  with  all  apparatus  for  gas  volu¬ 
metric  analysis  of  butadiene  employing  molten  maleic  anhy¬ 
dride,  the  procedure  must  provide  for  the  very  appreciable  physi¬ 
cal  absorption  of  the  C<  hydrocarbon  gases  other  than  butadiene 
in  molten  maleic  anhydride.  Presaturation  of  the  reagent  to  an 
equilibrated  condition  with  the  gas  constituents  of  a  sample  is 
necessary  before  actual  analysis  of  the  sample.  This  equilibra¬ 
tion  of  the  reagent  to  the  gas  must  be  recognized  to  be  labile. 

The  effect  of  each  of  the  following  variables  must  be  controlled 


to  accomplish  satisfactory  equilibration:  temperature;  quan¬ 
tity  of  reagent;  pressure;  and  composition  of  sample. 

Temperature  of  the  reagent  is  kept  constant  by  immersing  the 
absorption  pipet  in  a  boiling  water  bath.  It  is  important  that  the 
mercury  reservoir  as  well  as  the  absorption  chamber  be  kept  at 
constant  temperature. 

The  quantity  of  reagent  is  kept  small  to  minimize  the  amount 
of  gas  required  to  saturate  it. 

The  shape  of  the  absorption  chamber  and  the  mercury  reser¬ 
voir,  as  well  as  the  location  of  the  reservoir,  is  such  as  to  keep 
small  the  change  of  mercury  head  of  pressure  on  the  absorber  with 
the  admission  and  withdrawal  of  gas.  The  specified  procedure 
avoids  pressure  disturbances  of  equilibration. 

When  the  reagent  is  equilibrated  to  a  particular  sample,  it 
will  not  be  in  equilibrium  with  a  gas  of  different  composition. 
The  reagent  must  be  equilibrated  to  each  gas  composition  ana¬ 
lyzed. 

With  this  apparatus  the  first  twro  samples  carried  through  the 
procedure  are  required  to  equilibrate  fresh  reagent  to  the  gas 
being  analyzed.  Two  more  samples  must  be  run  to  provide 
check  analyses.  Thus,  four  samples  must  be  run  through  the 
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Figure  2. 


Detail  of  Pipet 


procedure  to  complete  the  first  analysis.  Each  run  will  require 
10  to  12  minutes,  so  that  about  an  hour  is  needed  for  the  first 
analysis.  Subsequent  similar  samples  can  be  analyzed  in  one 
half  to  three  fourths  of  this  time  with  two  to  three  runs.  Dis¬ 
similar  samples  usually  will  require  four  runs,  occasionally  five, 
for  analysis. 

Accurate  results  are  dependent  upon  the  maintenance  of 
equilibrium  during  the  analysis.  When  proper  procedure  is  ad¬ 
hered  to,  results  that  check  closely  are  obtained.  An  operator’s 
checks  should  be  within  0.2%;  those  of  different  operators  within 
0.4%  as  a  maximum.  Usually  analyses  of  the  same  sample  by 
different  operators  will  not  differ  by  more  than  0.2%. 

Samples  containing  from  0.5  to  100%  butadiene  can  be  ana¬ 
lyzed.  The  apparatus  can  readily  be  combined  with  other  gas- 
absorption  analysis  equipment,  so  that  additional  analyses  can 
be  performed  on  the  residual  gas  after  the  butadiene  determina¬ 
tion. 


APPARATUS 

The  gas  buret  is  of  100-ml.  capacity,  graduated  in  0.1  ml. 
There  is  considerable  advantage  to  having  this  buret  equipped 
with  but  a  single  stopcock  designed  for  the  apparatus,  so  as  to 
provide  connections  between  the  buret  and  (1)  the  butadiene 
pipet,  (2)  the  sample  source,  and  (3)  auxiliary  mixing  and  analy¬ 
sis  equipment.  Figure  3  shows  the  design  of  this  stopcock  (fab¬ 
ricated  by  the  H.  S.  Martin  Co.,  Evanston,  Ill.).  The  buret  is 
protected  from  fluctuating  temperature  by  an  ample  water  jacket. 
Mercury  is  the  confining  liquid  used  in  the  buret. 

Figure  2  show's  the  absorption  pipet,  which  is  packed  with  6.5- 
mm.  lengths  of  fire-polished  6.5-mm.  glass  rod.  The  presence  of 
a  small  space  above  the  beads  permits  them  to  shift  a  little  with 
the  rising  of  the  mercury  confining  liquid,  thus  preventing  any 
trapping  of  gas  among  the  beads.  The  mercury  reservoir  half  of 
the  pipet  is  centered  with  the  absorber  half  so  as  to  reduce  to  a 
minimum  the  change  in  mercury  head  of  pressure  on  the  ab¬ 
sorber  with  the  admission  and  withdrawal  of  gas. 

The  hairpin-bent  capillary  of  the  pipet  connects  directly  to 
the  buret  W'ith  a  butt-to-butt  joint  held  by  a  short  section  of  rub¬ 
ber  tubing.  A  small  enlargement  in  the  capillary  ( 1 )  prevents 
droplets  of  reagent  from  working  up  the  capillary  towards  the 
buret,  and  a  reference  mark  is  provided  to  which  the  reagent  is 
drawn  when  gas  is  measured  in  the  buret.  Reagent  is  charged  to 
the  pipet  through  a  side  arm  on  the  capillary.  The  length  of  the 
capillary  ensures  ease  of  operation  without  drawing  the  reagent 
over  into  the  buret.  A  rubber  expansion  bladder  is  connected 
with  rubber  tubing  to  the  reservoir  half  of  the  pipet.  It  is  con¬ 
venient  to  have  a  tee  in  this  connection  to  which  is  attached  a 
vent  closed  by  a  pinchclamp  and  an  aspirator  bulb,  so  that  the 
amount  of  air  in  the  expansion  bladder  can  readily  be  varied. 


-  150  mm  — -  _ *|  The  dimensions  of  the  buta¬ 

diene  pipet  are  such  that  it  will 
fit  into  a  3-liter  beaker  which 
is  used  as  a  container  for  the 
boiling  water  bath  for  the  pipet. 
This  rests  upon  an  electric  hot 

-75mm _ J  plate.  Hot  water  is  added  to. 

the  bath  as  necessary  to  re¬ 
place  loss  by  evaporation;  a 
supply  of  hot  wrater  is  kept  in  a  1-liter  Florence 
flask  on  an  auxiliary  hot  plate.  The  buret  is  pro¬ 
tected  from  the  heat  of  the  bath  and  its  hot  plate 
by  a  shield  placed  between  the  buret  and  beaker. 

To  the  upper  outlet  from  the  buret  is  connected 
a  120°  three-way  stopcock,  either  by  a  12/1  spherical 
ground-glass  joint  or  by  a  short  section  of  rubber 
tubing.  One  arm  of  this  is  arranged  for  convenient 
connection  to  the  gas  sample  container;  the  other 
arm  vents  into  a  test  tube  trap  to  catch  any  mer¬ 
cury  overflow. 

If  samples  containing  over  90%  butadiene  are 
analyzed,  dilution  with  an  inert  gas  such  as  n-butane 
is  desirable.  To  provide  for  this  there  are  two  gas 
reservoirs  in  which  mercury  is  used  as  a  confining 
liquid.  These  connect  to  the  right-hand  stem  of 
the  buret  stopcock  through  a  manifold.  In  the  one 
farther  from  the  buret  the  diluent  gas  is  stored;  the 
nearer  one  is  used  as  a  mixing  chamber  for  sample 
and  diluent.  Auxiliary  absorption  apparatus  con¬ 
nects  to  the  manifold  beyond  the  reservoirs. 

A  gas  microburner  is  kept  at  hand  to  warm  the 
capillary  of  the  pipet  at  the  time  of  changing  re¬ 
agent.  A  5-ml.  beaker  is  used  to  charge  reagent  to, 
the  pipet,  and  a  100-ml.  beaker  is  provided  to  catch  discharged, 
reagent.  This  latter  is  held  by  an  adjustable  clamp,  so  that  il 
can  readily  be  moved  aside  while  the  pipet  is  being  charged. 


REAGENTS 

Maleic  Anhydride.  Eastman  Kodak  Co.  No.  1226  is  satis¬ 
factory.  The  reagent  should  be  freshly  distilled. 

Di-n-amylamine.  Eastman  Kodak  Co.  No.  2353  is  satisfac¬ 
tory. 

PREPARATION  OF  APPARATUS  FOR  ANALYSIS 

The  butadiene  pipet  is  charged  with  approximately  175  cc.  of 
mercury.  The  rubber  expansion  bladder  is  connected.  The 
bath  is  brought  to  boiling  and  the  capillary  above  the  bath  is 
warmed  with  the  microburner  until  a  little  too  warm  to  hold  with. 


Figure  3.  Detail  of  Stopcock 
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the  fingers.  The  capillary  between  the  side  arm  and  the  buret  is 
filled  with  mercury  from  the  buret.  The  bladder  is  filled  with 
air  and  is  squeezed  to  force  any  spent  reagent  from  the  pipet  into 
the  beaker.  Air  is  admitted  to  the  pipet  and  again  the  mercury 
is  forced  up  slowly  through  the  beads  to  work  the  reagent  from 
their  surfaces  and  finally  out  through  the  side  arm.  By  placing 
a  pinchclamp  on  the  bladder  tubing  the  mercury  is  held  so  that 
it  fills  the  absorber. 

A  5-ml.  beaker  held  by  a  test-tube  holder  is  filled  with  molten 
maleic  anhydride  and  two  drops  of  di-«-amylamine  are  added,  as 
recommended  by  Robey,  Morrell,  and  Vanderbilt  (2).  The 
beaker  is  held  so  that  the  reagent  is  drawn  into  the  absorber  by 
the  receding  mercury  when  the-  clamp  is  removed  from  the  blad¬ 
der  tubing.  The  side  arm  and  its  short  section  of  rubber  tubing 
are  filled  with  mercury  from  the  buret  and  the  rubber  is  clamped 
with  a  screwclamp.  If  necessary,  a  little  mercury  is  run  from 
the  buret  over  into  the  pipet  to  force  the  last  drops  of  reagent 
from  the  capillary  into  the  pipet  and  leave  the  capillary  clean. 
Then  the  reagent  is  drawn  up  to  the  reference  mark.  The  ex¬ 
pansion  bladder  is  now  deflated. 

PROCEDURE 

The  bath  should  be  kept  boiling  during  analysis. 

1.  A  sample  closely  approximating  100  ml.  is  taken  into  the 
buret  and  measured  to  the  nearest  0.1  ml. 

2.  The  gas  is  passed  into  the  butadiene  pipet  for  from  30  to  60 
seconds. 

3.  While  the  gas  is  in  the  pipet,  it  is  kept  in  very  gentle  mo¬ 
tion  by  alternately  gently  squeezing  and  releasing  the  expansion 
bladder. 

4.  The  gas  is  returned  to  the  buret  to  change  the  reagent  sur¬ 
face  on  the  beads. 

Steps  2,  3,  and  4  are  repeated  until  absorption  is  complete. 
Readings  on  the  buret  need  not  be  taken  until  the  absorption  is 
small.  The  final  volume  is  recorded  when  the  volume  remains 
constant  during  a  half-minute  period  in  the  pipet.  Then  repeat 
samples  are  run  exactly  as  the  first  as  promptly  as  possible  until 
closely  checking  results  are  obtained.  It  is  essential  for  the  main¬ 
tenance  of  equilibrium  that  sample  sizes  vary  not  more  than  1  ml. 

The  reagent  should  be  changed  when  about  500  ml.  of  buta¬ 
diene  have  been  absorbed  in  it,  or  when  it  has  been  kept  at  100°  C. 
for  about  4  hours.  If  the  mercury  in  the  absorber  becomes 
separated  into  small  globules,  or  if  the  reagent  becomes  viscous 


on  the  surface  of  the  beads,  the  absorber  should  be  flushed  with  a 
charge  of  fresh  reagent.  The  condition  is  usually  due  to  too  long 
use  of  reagent  or  the  absorption  of  oxygen  in  the  reagent.  Only 
moisture-free  gas  should  be  admitted  to  the  reagent  if  its  ability 
to  absorb  butadiene  rapidly  is  to  be  maintained. 

SUMMARY 

For  technical  butadiene  analysis  with  molten  maleic  anhy¬ 
dride,  an  apparatus  employing  a  mercury-filled  pipet  type  of 
absorber  in  place  of  a  U-tube  absorber  has  certain  advantages: 

The  apparatus  may  be  much  simpler. 

The  absorption  of  butadiene  is  more  rapid  because  of  the  much 
greater  contact  between  reagent  and  gas. 

The  manipulation  is  much  easier  and  relatively  trouble-free. 
Operating  efficiency  is  enhanced  through  reduction  of  strain 
on  operator.  Less  dexterous  operators  can  perform  the  analysis. 
The  number  of  analyses  an  analyst  can  accomplish  is  increased. 
The  apparatus  is  adaptable  to  combinations  with  other  ap¬ 
paratus  for  more  complete  analysis  of  samples. 

A  disadvantage  of  such  equipment  is  the  ease  with  which  the 
equilibrium  between  reagent  and  gases  of  the  sample  other  than 
1,3-butadiene  may  be  disturbed.  This  can  be  overcome  by 
proper  analytical  procedure  without  loss  of  the  advantages  of  the 
apparatus.  Accuracy  of  results  is  about  the  same  as  obtained 
with  a  U-tube  absorber. 
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Oven  for  Measurement  of  Volatility  of  Plasticizers 

In  Polyvinyl  Chloride  and  Chloride-Acetate  Copolymer  Compositions 

D.  K.  RIDER  AND  J.  K.  SUMNER,  Resinous  Products  and  Chemical  Co.,  Philadelphia,  Pa. 


A  new  oven  for  use  in  the  measurement  of  volatility  of  plasticizers 
in  polyvinyl  chloride  and  chloride-acetate  copolymer  compounds 
has  been  designed  and  built.  Using  this  oven,  a  reliable  test  method 
has  been  developed  which  is  capable  of  distinguishing  between 
various  plasticizers  on  the  basis  of  small  differences  in  volatility. 

ONE  of  the  basic  requirements  of  a  good  plasticizer  for  poly¬ 
vinyl  chloride  or  vinyl  chloride-acetate  copolymers  is 
permanence.  In  the  ideal  case  the  plasticizer  should  have  a 
volatility  of  such  a  low  order  of  magnitude  that  it  will  not  leave 
the  plasticized  composition  to  any  appreciable  degree  during 
expected  serviceable  life.  The  great  majority  of  the  commonly 
used  plasticizers  fall  short  of  the  ideal  in  this  respect.  Many 
are  used  in  spite  of  their  relatively  high  volatility  because  of 
other  desirable  properties,  such  as  good  efficiency  or  ability  to 
impart  improved  low-temperature  properties  to  the  compositions 
in  which  they  are  used.  Other  things  being  equal,  however,  the 
more  desirable  of  two  plasticizers  will  be  the  one  with  the  lower 
volatility.  This  is  particularly  true  with  nonrigid  plastics,  such 
as  polyvinyl  chloride  or  chloride-acetate  copolymer,  which  depend 
entirely  on  plasticizers  for  their  flexibility.  In  compounds  such 
as  cellulose  acetate,  which  are  rigid  even  when  highly  plasticized, 
some  volatilization  of  plasticizer  is  sometimes  permissible  after 


fabrication  of  the  plastic  article,  provided  that  the  accompanying 
shrinkage  can  be  tolerated. 

Plasticizer  loss  from  a  resin  composition  proceeds  by  (1) 
diffusion  of  the  plasticizer  to  the  surface;  and  (2)  evaporation  of 
the  plasticizer  from  the  surface. 

Under  special  conditions  such  as  elevated  temperature,  high 
vacuum,  and  thick  samples  the  rate  of  loss  of  plasticizer  would  be 
largely  controlled  by  the  rate  at  which  the  plasticizer  diffused 
to  the  surface.  Under  usual  service  conditions,  however,  such  as 
moderate  temperature,  atmospheric  pressure,  and  relatively  thin 
films  the  rate  of  evaporation  from  the  surface  is  undoubtedly  the 
dominant  factor,  unless  there  is  a  “case  hardening”  or  skin  effect. 
A  volatility  test  which  is  designed  to  simulate  service  conditions 
preferably  should  be  set  up  so  that  loss  of  plasticizer  is  largely 
determined  by  rate  of  evaporation  from  the  surface. 

Several  workers  have  investigated  the  volatility  of  plasticizers. 
Verhoek  and  Marshall  (3)  measured  the  vapor  pressures  of  several 
plasticizers  in  the  neighborhood  of  100°  C.,  and  also  that  of  tri-wi- 
cresyl  phosphate  in  a  polyvinyl  chloride  composition.  In  the 
latter,  the  plasticizer  had  the  same  vapor  pressure  as  the  pure 
material  when  at  least  15%  plasticizer  was  used.  Liebhafsky, 
Marshall,  and  Verhoek  (1)  measured  loss  of  plasticizers  from 
polyvinyl  chloride  compositions  in  vacuum  between  110°  and 
155°  C.  They  concluded  that  the  rates  of  diffusion  of  dibutyl 
phthalate,  tricresyl  phosphate,  and  dibenzyl  sebacate  were  the 
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Figure  1.  Sample  Holder 

same  because  the  rate  of  plasticizer  loss  in  each  case  was  the 
same.  Under  their  conditions  the  rate  of  evaporation  from  the 
surface  was  very  rapid,  and  plasticizer  loss  was  determined 
solely  by  rate  of  diffusion. 

Reed  (2)  measured  the  volatile  loss  of  a  large  number  of  plas¬ 
ticizers  in  chloride-acetate  copolymer,  in  a  specially  designed 
oven.  He  found  that  the  measurement  of  volatile  loss  to  obtain 
significant  and  reproducible  results  was  not  such  a  simple  matter 
as  it  first  appeared.  It  was  necessary  to  have  an  oven  with  uni¬ 
form  temperature  and  adequate  ventilation.  When  calculated,  a 
surprising  amount  of  air  was  found  necessary  to  keep  the  plasti¬ 
cizer  vapor  concentration  low  enough  (below  20%  saturation) 
to  prevent  volatile  plasticizers  from  being  absorbed  by  neighbor¬ 
ing  samples  containing  less  volatile  plasticizers. 


DESCRIPTION  OF  OVEN 

Since  a  great  number  of  standard  and  experimental  plasticizers 
are  examined  in  polyvinyl  chloride  and  in  chloride-acetate  co¬ 
polymer  in  this  laboratory,  it  was  necessary  to  have  a  reliable  test 
at  hand  for  measuring  the  very  important  property  of  the  degree 
of  permanence  of  these  plasticizers.  It  was  particularly  desir¬ 
able  that  the  test  be  capable  of  distinguishing  between  two 
plasticizers  whose  volatilities  were  close  together.  A  home-made 
oven  with  crude  controls  was  formerly  used,  but  proved  to  be 
very  unsatisfactory  chiefly  because  samples  containing  the  more 
nonvolatile  plasticizers  sometimes  showed  a  gain  in  weight 
instead  of  a  loss  during  the  test.  Thus  there  was  considerable 
doubt  as  to  whether  some  of  the  negative  values  fnight  also  be  in 
error  by  the  amount  of  plasticizer  absorbed  from  adjacent 
samples. 

A  new  oven  of  simple  construction  was  designed,  into  which 
certain  features  were  incorporated  as  a  result  of  the  authors’ 
experience  and  that  of  other  workers  in  the  field.  This  oven  when 
properly  used  was  found  free  of  the  faults  known  to  be  present  in 
the  previous  oven,  and  allowed  reliable  volatility  results  to  be 
obtained. 

The  oven  used  was  one  of  conventional  design,  available  com¬ 
mercially,  but  suitably  modified  by  the  manufacturer.  The  oven 
before  modification  was  that  made  by  American  Instrument 
Company,  Silver  Spring,  Md.  (Catalog  No.  4-148B),  equipped 
with  heaters  requiring  115  volts,  60-cvcle  alternating  current. 
The  changes  incorporated  to  make  the  oven  suitable  for  volatility 
tests  were  as  follows: 

1.  Construction  and  installation  of  a  stainless  steel  rotating 
squirrel  cage-type  sample  holder,  driven  externally  by  a  small 
gear-head  motor  through  a  ladder  chain  drive.  This  sample 
holder  revolves  at  the  rate  of  2  r.p.m.  and  is  mounted  on  special 
trunnions  which  allow  easy  removal  of  the  sample  holder  in 
order  to  load  it  or  in  case  it  is  desired  to  use  the  oven  for  other 
purposes. 

Each  sample  is  held  by  three  stainless  steel  spring  clips  at¬ 
tached  rigidly  to  a  bar,  which  in  turn  is  attached  to  the  horizontal 
rod  on  the  sample  holder  by  means  of  hooks  free  to  rotate  around 
the  rod,  so  that  the  samples  are  always  maintained  in  a  vertical 
position.  Collars  prevent  the  hooks  from  moving  laterally  on 


the  rods.  The  sample  holder  and  its  method  of  drive  are  illus¬ 
trated  in  Figures  1  and  2.  Figure  3  shows  the  sample  holder  in 
place  in  the  oven. 

2.  Installation  of  spun  glass  filters  at  the  air  inlets  to  ensure 
clean  air  and  thus  eliminate  this  possible  source  of  contamination. 
The  filters  are  easily  removed  and  can  be  replaced  when  dirty. 

3.  Installation  of  suitable  baffles  in  the  air  passages  in  the 
walls  of  the  oven,  so  that  the  heated  air  makes  just  one  pass  over 
the  samples  before  being  discharged  to  the  atmosphere.  There  is 
no  recirculation  of  air. 

Air  enters  the  unit  at  the  top  and  bottom,  left,  through  spun- 
glass  filters  and  an  adjustable  damper.  The  air  is  heated  as  it 
moves  to  the  right  in  the  oven  wall,  and  enters  the  oven  chamber 
proper  through  ports  at  the  right-hand  ‘end.  The  heated  air 
passes  over  the  samples  from  right  to  left  and  is  exhausted  through 
a  flue  at  the  top  of  the  oven.  The  flow  of  air  through  the  chamber 
is  at  a  maximum  rate  of  600  cm.  (20  linear  feet)  per  minute,  but 
can  be  varied  downward  from  this  amount  by  means  of  control 
dampers. 

Assuming  a  rate  of  air  flow  of  600  cm.  (20  linear  feet)  per 
minute  over  the  samples,  the  total  volume  of  air  passing  through 
the  oven  is  1416  liters  (50  cubic  feet)  per  minute.  This  means 
that  the  air  in  the  oven  is  changed  once  every  4.8  seconds.  If 
the  vapor  pressure  of  dibutyl  sebacate  is  taken  as  0.0044  mm. 
of  mercury  at  85°  C.,  and  its  evaporation  rate  from  the  samples 
is  taken  as  the  average  found  experimentally  over  a  24-hour  period 
(0.129  gram  from  a  single  specimen),  it  can  be  calculated  that 
with  twelve  dibutyl  sebacate  plasticized  samples  in  the  oven,  the 


Figure  2.  Oven 


Figure  3.  Front  View  of  Oven 
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Table  1.  Plasticizers  and  Their  Physical  Properties 

Boiling  Range,  Freezing  Point, 

Plasticizer 

°C. 

°c. 

Acid  No. 

Specific  Gravity 

Manufacturer 

Dibutyl sebacate 

340  at  760  mm. 
194  at  4  mm. 

-11 

0.4 

0.94 

(25°/15°  C.) 

Resinous  Products 
and  Chemical  Co. 

Dibenzyl sebacate 

265  at  4  mm. 

25-28 

3.0 

1.06 

(25°/15°  C.) 

Resinous  Products 
and  Chemical  Co. 

Dioctyl  sebacate 

(octyl  =  2-ethyl  hexyl) 

256  at  5  mm. 

-48 

0.20 

4 

0.911 

(25°/15°  C.) 

Resinous  Products 
and  Chemical  Co. 

Dibutyl  Cellosolvea 
sebacate 

210  at  0 . 7  mm. 

-5 

<0.20 

0.968 

(25°/15°  C.) 

Resinous  Products 
and  Chemical  Co. 

Dicapryl  phthalate 

229  at  4 . 5  mm. 

-60 

<0.22 

0.966 

(25°/ 15°  C.) 

Resinous  Products 
and  Chemical  Co. 

Dioctyl  phthalate 

(octyl  =  2-ethyl  hexyl) 

215-235  at  4  mm. 

—  55 

<0.01% 
as  acetic 

0.986 

(20°/20°  C.) 

Ohio  Apex,  Inc. 

Plasticizer  35 

215-256  at  4  mm. 

27-28 

<5 . 0 

0.880 

(30°/15°  C.) 

Resinous  Products 
and  Chemical  Co. 

Plasticizer  36 

220  at  4  mm. 

—  4  to  — 15 

<5 . 0 

0.875 

(25°/ 15°  C.) 

Resinous  Products 
and  Chemical  Co. 

Paraplex  G-25 

Resin 

13  to  15 

2.0 

1.06 

(25°/15°  C.) 

Resinous  Products 
and  Chemical  Co. 

°  Experimental  product,  not  available  commercially. 


position  that  gave  the  desired 
temperature  as  measured  by 
this  thermometer.  This  tem¬ 
perature  was  found  to  be  4° 
to  5°  C.  higher  than  that  reg¬ 
istered  by  a  thermometer  in¬ 
serted  in  the  conventional  posi¬ 
tion  through  a  hole  in  the  top 
of  the  oven.  This  was  prob¬ 
ably  due  in  part,  at  least,  to 
the  fact  that  the  thermometer 
stem  could  not  be  inserted 
through  the  hole  more  than  a 
short  distance  without  interfer¬ 
ing  with  the  sample,  holder  as 
it  rotated.  Preliminary  work 
had  shown  that  temperatures 
at  various  specimen  positions 
on  the  sample  holder  did  not 
vary  by  more  than  0.6°  C. 


Eight  series  of  tests  were  run, 
as  well  as  several  check  tests  on 

air  at  no  time  contains  more  than  1.2%  of  the  amount  of  plasti-  some  series.  The  volatility  values  obtained  are  listed  in  Tables 
cizer  required  to  saturate  it  at  85°  C.  tt  t  y 


As  originally  designed,  the  sample  holder  was  built  to  accommo¬ 
date  two  samples  in  tandem  on  each  of  the  12  rods  of  the  holder. 
It  was  realized  that  this  was  a  compromise  with  good  design, 
since  no  sample  should  be  in  the  tail  wind  of  another,  in  order  to 
avoid  deposition  of  plasticizer  from  one  specimen  onto  the  speci¬ 
men  directly  down  wind  from  it.  This  was  done  for  the  sake  of 
obtaining  increased  capacity  (24  specimens),  but  was  later  found 
to  be  false  economy,  since  reliable  results  could  not  be  obtained 
with  this  arrangement.  Loss  of  capacity  was  eventually  over¬ 
come,  however,  by  operation  of  the  oven  at  a  higher  temperature 
for  a  shorter  time. 


EXPERIMENTAL 

Volatility  tests  were  run  at  60°  and  85°  C.,  during  the  develop¬ 
ment  of  a  satisfactory  test  method.  The  duration  of  the  test  at 
60°  C.  was  10  days  (240  hours),  and  at  85°  C.  was  1,  2,  and  3  days 
(24,  48,  and  72  hours).  A  vinyl  chloride-vinyl  acetate  copolymer 
(Vinylite  VYNW)  containing  about  5%  vinyl  acetate  was  used 
throughout,  and  the  plasticizers  tested,  together  with  some  of 
their  physical  properties,  are  listed  in  Table  I. 

The  formulation  used  was  as  follows: 

63 . 5  parts  high  chloride  P.V.C.-aeetate  copolymer  (Vinylite  VYNW. 

100%  polyvinyl  chloride  can  also  be  used) 

1 . 0  parts  basic  carbonate  of  lead 

0.5  parts  stearic  acid 
35.0  parts  plasticizer 

100.0 

The  actual  batch  size  was  400  grams.  The  ingredients  were 
hand  blended  and  milled  on  a  15  X  30  cm.  (6  X  12  inch)  labora¬ 
tory  mill  at  300°  to  310°  F.  Films  were  sheeted  off  the  mill 
0.025  ±  0.0025  cm.  (0.010  ±  0.001  inch)  in  thickness  and  test 
specimens  5  X  17.5  cm.  (2X7  inch)  were  cut  from  these  films. 

All  samples  were  run  in  duplicate.  The  specimens  were 
punched  with  slots  0.3  X  2.5  cm.  (0.125  X  1  inch)  for  the  end 
clamps  and  with  a  0.6-cm.  (0.250-inch)  diameter  circular  hole 
for  the  center  clamp.  The  method  of  suspending  the  specimens 
from  the  clamps  is  illustrated  in  Figure  1.  The  elongated  slots 
at  the  ends  of  the  specimens  were  to  allow  for  shrinkage.  The 
specimens  were  identified  by  perforating  them  with  distinguishing 
code  numbers  by  means  of  a  model  34  perforator  manufactured 
by  the  Cummins  perforator  Co.,  Chicago,  Ill.  After  prepara¬ 
tion,  the  specimens  were  weighed  immediately.  After  comple¬ 
tion  of  the  test  they  were  allowed  to  cool  to  room  temperature, 
and  again  weighed  immediately.  The  test  specimens  weighed 
2  to  3  grams. 

The  test  consisted  of  weighing  the  samples  on  an  analytical 
balance  to  the  nearest  0.1  mg.  before  and  after  exposure  to  the 
test  conditions  and  calculating  the  loss  in  weight  as  a  percentage 
of  the  original  weight. 

The  oven  temperature  was  measured  by  means  of  a  thermom¬ 
eter  graduated  in  degrees  centigrade  attached  to  the  sample 
holder  as  shown  in  Figure  1.  The  thermoregulator  was  set  at  a 


1.  Preliminary  test  10  days  (240  hours)  at  60°  C.,  with  samples 
in  tandem  (duplicates  in  line)  to  determine  magnitude  of  effect  of 
transfer  of  plasticizers  from  one  specimen  to  another  (Table  II). 

2.  Ten  days  (240  hours)  at  60°  C.,  samples  in  tandem  with  sample 
holder  loaded  nearly  to  capacity  (Table  III). 

3.  24  hours  at  85°  C.,  samples  in  tandem 

4.  48  hours  at  85°  C.,  samples  in  tandem 

5.  72  hours  at  85°  C.,  samples  in  tandem 

6.  24  hours  at  85°  C.,  samples  in  parallel 

7.  48  hours  at  85°  C.,  samples  in  parallel 

8.  72  hours  at  85°  C.,  samples  in  parallel 

The  tandem  and  parallel  positions  of  specimens  are  illustrated 
in  Figure  1. 


Table  IV 

Table  V 


Table  II.  Preliminary  Tests 

Specimen  on  Air  Specimen  on 

Inlet  Side  Volatile  Loss  Air  Outlet  Side  Volatile  Loss 

%  % 
Dibutyl  sebacate  5.2  Paraplex  G-25  0.17 

Dicapryl  phthalate  1.2  Paraplex  G-25  0.15 


Conditions  of  test,  10  days  (240  hours)  at  60°  C. 


DISCUSSION  OF  RESULTS 

The  tests  recorded  in  Table  II  were  run  as  a  preliminary  ex¬ 
periment  to  find  out  the  effect  of  placing  a  specimen  with  a  non¬ 
volatile  plasticizer  directly  down  wind  from  a  specimen  contain¬ 
ing  a  more  volatile  plasticizer.  In  this  case  there  was  little,  if 
any,  pickup  of  plasticizer  by  the  Paraplex  G-25  sample.  This 
might  not  have  been  true,  however,  had  the  oven  been  fully 
loaded. 


Table  111.  Volatility  Tests 

[Samples  in  tandem,  10  days  (240  hours)  at  60°  C.] 


Volatile  Loss 

Volatile  Loss 

on  Air  Inlet 

on  Air  Outlet 

Average 

Plasticizer 

Side 

Side 

Volatile  Loss 

% 

% 

% 

Dibutyl  sebacate 

6.2 

4.1 

5.2 

Plasticizer  35 

2.6 

2.2 

2.4 

Plasticizer  36 

1.9 

1.4 

1.7 

Dicapryl  phthalate 

1.8 

0.90 

1.4 

Dibenzyl  sebacate 

1.4 

1.2 

1.3 

Dioctyl  phthalate 

0.60 

1.2 

0.90 

Dioctyl  sebacate 

0.46 

0.45 

0 . 46 

Dibutyl  Cellosolve  sebacate 

0.29 

0.23 

0.26 

Paraplex  G-25 

0.11 

0.06 

0.09 
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In  Table  III  are  recorded  the  values  obtained  after  exposure 
for  10  days  at  60°  C.  with  individual  specimens  mounted  in 
tandem.  With  all  samples  except  that  plasticized  with  dioctyl 
phthalate  the  values  are  lower  for  the  down  wind  specimens — 
i.e.,  those  closer  to  the  air  outlet.  This  could  have  been  due  either 
to  deposition  of  plasticizer  from  the  specimens  on  the  air  inlet 
side,  or  to  a  higher  concentration  of  plasticizer  vapor  in  the  air 
surrounding  the  down  wind  specimens.  Perhaps  both  effects 
were  responsible  for  the  differences.  No  reason  was  found  for 
reversal  of  the  values  obtained  with  the  sample  plasticized  with 
dioctyl  phthalate. 


Table  VI.  Spread  between  Values,  Expressed  as  a  Percentage 
of  Average 

Tandem  at  Tandem  at  Parallel  at 

Plasticizer  60°  C.,  10  Days  85°  C.,  48  Hours  85°  C.,  48  Hours 


Paraplex  G-25 

59 

45 

37 

Dicapryl  phthalate 

62 

44 

8  0 

Dioctyl  phthalate 

67 

15 

8.0 

Dibenzyl sebacate 
Dibutyl  Cellosolve 

15 

20 

7.7 

sebacate 

23 

10 

7.4 

Dioctyl  sebacate 

2.2 

29 

2.4 

Dibutyl  sebacate 

40 

41 

2.2 

Plasticizer  35 

17 

29 

0 

Plasticizer  36 

30 

15 

0 

Table  IV.  Volatility  Tests 


(Samples  in  tandem,  temperature  85°  C.) 


Average 

Volatile 

Volatile  Loss,  48  Hours 

Average 

Volatile 

Plasticizer 

Loss, 

24  Hours 

Air  inlet 
side 

Air  outlet 
side 

Av. 

Loss, 

72  Hours 

% 

% 

% 

% 

% 

Dibutyl sebacate 

5.5 

12.4 

8.2 

10.3 

12.8 

Plasticizer  35 

2.4 

4.4 

3.3 

3.9 

7.3 

Plasticizer  36 

2.9 

4.3 

3.7 

4.0 

4.9 

Dibenzyl sebacate 

2.3 

3.0 

2.5 

2.8 

2.5 

Dibutyl  Cellosolve 
sebacate 

0.8 

2.1 

1.9 

2.0 

2.4 

Dicapryl  phthalate 

0.7 

1.5 

0.93 

1.2 

1.8 

Dioctyl  phthalate 

0.5 

0.86 

0.74 

0.80 

1.3 

Dioctvl  sebacate 

0.3 

0.59 

0.44 

0.52 

0.8 

Paraplex  G-25 

0.11 

0.19 

0.12 

0.16 

0.2 

The  next  series  of  tests  was  run  in  tandem  at  85°  C.  (Table 
IV).  The  object  here  was  twofold — namely,  to  reduce  the  dura¬ 
tion  of  the  test  period  to  a  more  reasonable  time  and  to  find  out 
whether  closer  check  results  could  be  obtained  with  tandem 
duplicate  specimens  at  the  higher  temperature.  The  tests  were 
carried  out  for  24,  48,  and  72  hours.  In  Table  IV  the  values 
for  every  individual  specimen  are  given  only  for  the  48-hour 
series.  Here  again  the  volatile  loss  values  were  consistently 
higher  on  the  specimens  near  the  air  inlet  side  of  the  oven.  When 
the  average  values  for  the  three  test  periods  are  compared,  it 
will  be  seen  that  magnitude  of  the  values  increased  with  time 
(except  those  for  dibenzyl  sebacate)  as  well  as  the  spread  between 
the  values  for  the  most  volatile  and  most  nonvolatile  plasticizers. 
The  increase  in  magnitude  and  spread  obtained  in  72  hours  over 
those  after  48  hours  is  not  great,  however,  and  48  hours  at  85°  C. 
would  have  been  satisfactory  had  closer  checks  been  obtained 
with  duplicate  specimens. 


Table 

(Samples  in 

V.  Volatility  Tests 

parallel,  temperature  85° 

C.) 

Average 

Volatile 

Loss, 

Volatile  Loss,  48  Hours 

Average 

V  olatile 
Loss, 

Plasticizer 

24  Hours 

Spec.  1 

Spec.  2 

Av. 

72  Hours 

% 

% 

% 

% 

% 

Dibutvl  sebacate 

5.0 

9.4 

9.2 

9.3 

12.8 

Plasticizer  35 

2.6 

4.1 

4.1 

4.1 

5.3 

Plasticizer  36 

3.0 

4.0 

4.0 

4.0 

4.7 

Dibutyl  Cellosolve 
sebacate 

2.8 

2.6 

2.7 

Dibenzvl  sebacate 

2.2 

2.5 

2.7 

2.6 

2.9 

Dioctyl  phthalate 
Dicapryl  phthalate 

1.2 

1.3 

1.3 

» 

0.8 

1.2 

1.3 

1.3 

1.7 

Dioctyl sebacate 

0.42 

0.41 

0.42 

Paraplex  G-25 

0.23 

0.32 

0.22 

0.27 

0.27 

Since  none  of  the  series  of  tests  in  which  the  specimens  were 
placed  tandemwise  on  the  sample  holder  gave  reasonably  close 
check  values  on  duplicate  specimens,  three  other  series  were  run 
in  which  the  specimens  were  placed  in  parallel,  with  duplicates 
adjacent  to  one  another.  Tests  were  run  for  24,  48,  and  72 
hours  (Table  V).  The  values  on  the  individual  specimens  are 
recorded  only  on  those  exposed  for  48  hours.  Here  results  on 


duplicate  specimens  are  much  closer  together  than  in  any  other 
series,  and  well  within  expected  experimental  error.  A  possible 
exception  is  the  compound  plasticized  with  Paraplex  G-25,  in 
which,  however,  the  volatile  losses  are  very  small. 

In  Table  VI  is  given  the  per  cent  spread  between  values,  based 
on  the  average  of  the  values  obtained  on  the  duplicate  specimens 
in  the  following  series  of  tests:  (1)  tandem,  10  days  at  60°  C.; 
(2)  tandem,  48  hours  at  85°  C.;  (3)  parallel,  48  hours  at  85°  C. 

In  the  first  two  series  the  spreads  are  much  too  wide  to  allow 
either  method  to  be  considered  as  a  standard  test.  In  the  third 
series,  however,  in  which  the  specimens  were  placed  in  parallel 
at  the  center  portion  of  the  holder,  and  the  test  was  carried  out 
for  48  hours  at  85°  C.,  the  spreads  between  duplicate  determina¬ 
tions  were  small  enough  so  that  the  average  values  were  sig¬ 
nificant  when  the  results  obtained  with  the  various  plasticizers 
were  compared.  The  spreads  (not  shown)  between  values  for 
duplicate  specimens  after  24  and  72  hours  at  85°  C.  in  parallel 
were  also  small,  proving  that  parallel  arrangement  of  samples  is 
by  far  the  more  preferable.  It  was  felt,  however,  that  24  hours 
did  not  give  enough  spread  between  the  values  for  the  nonvolatile 
and  the  more  volatile  plasticizers,  whereas  72  hours  showed  no 
advantage  over  48  hours.  Therefore  the  48-hour  test  at  85°  C. 
with  the  specimens  arranged  in  parallel  was  adopted  as  standard 
in  this  laboratory,  and  the  satisfactory  results  described  here 
have  been  duplicated  with  many  other  plasticizers  tested  subse¬ 
quently. 

Although  only  polyvinyl  chloride  and  chloride-acetate  co¬ 
polymer  have  been  used  for  volatility  tests  in  this  new  oven,  it 
is  believed  that  the  oven  would  be  suitable  for  other  plasticized 
plastic  compositions  as  well.  Changes  in  sample  dimensions, 
temperature,  and  time  of  test  might  have  to  be  made,  depending 
on  the  nature  of  the  plastic  composition  under  test. 

The  test  might  be  refined  and  studied  further  in  several  impor¬ 
tant  particulars  (such  as  effect  of  sample  size  and  shape,  effect 
of  varying  air  speeds,  and  of  varying  sample  holder  speeds,  and 
the  like),  but  as  described  it  has  suited  the  authors’  purpose  very 
satisfactorily  and  is  presented  in  the  hope  that  it  may  be  of  assist¬ 
ance  to  other  workers  in  this  field. 

ACKNOWLEDGMENT 

The  authors  wish  particularly  to  acknowledge  the  many 
pertinent  suggestions  offered  by  K.  K.  Fligor  on  the  design  of  the 
oven  and  the  factors  to  be  considered;  and  also  the  help  received 
from  R.  J.  Myers,  under  whose  supervision  this  work  was  done. 

The  vapor  pressure  of  dibutyl  sebacate  at  85°  C.  was  supplied 
by  L.  U.  Spence  of  Rohm  &  Haas  Company,  Philadelphia,  Pa. 

LITERATURE  CITED 

(1)  Liebhafsky,  H.  A.,  Marshall,  A.  L.,  and  Verhoek,  F.  H.,  Ind 

Eng.  Chem.,  34,  704  (1942). 

(2)  Reed,  M.  C.,  Ibid.,  35,  896  (1943). 

(3)  Verhoek,  F.  H.,  and  Marshall,  A.  L.,  J.  Am.  Chem.  Soc.,  61, 

2737  (1939). 

Presented  at  the  Spring  Meeting  of  the  Philadelphia  Section,  June  13, 
1945,  and  the  Division  of  Paint,  Varnish,  and  Plastics  Chemistry,  Meeting- 
in-Print,  American  Chemical  Society,  September,  1945. 


Determination  of  Nitrogen,  Phosphorus,  and  Potassium 

in  Leaf  Tissue 

Application  of  Micromethods 

ROBERT  H.  COTTON1 

Laboratory  of  Plant  Nutrition,  Department  of  Horticulture,  The  Pennsylvania  State  College,  State  College,  Pa. 


Seeking  procedures  of  approximately  the  same  accuracy  as  A.O.- 
A.C.  macromethods,  attempts  have  been  made  to  duplicate  the 
Lindner  and  Harley  nitrogen  determination  and  eliminate  its  sources 
of  difficulty.  The  Fiske  and.Subbarow  colorimetric  procedure  for 
blood  phosphorus  has  been  adapted  to  leaf  analysis.  Several 
methods  of  determining  phosphorus  are  compared  and  fundamental 
data  are  presented  on  colorimetric  phosphorus  determinations  in 
which  molybdic  acid  is  used.  The  dipicrylamine  micromethod  for 
determining  potassium  in  leaf  tissue  is  more  time-consuming  than 
the  turbidimetric  cobaltinitrite  procedure,  but  gives  relatively  high 
precision. 

THROUGHOUT  the  world  interest  is  great  and  ever-increas¬ 
ing  in  leaf  analysis  as  a  means  of  studying  the  effect  of  vary¬ 
ing  cultural  and  fertilizer  practices  upon  the  nutrition  and  yield 
of  plants  (If,  18,  19,  26,  29).  Leaf  analysis  is  being  used  also  to 
•discover  gross  mineral  deficiencies  (35).  The  method  of  foliar 
diagnosis  developed  by  Thomas  (26)  and  Thomas  and  Mack  (27, 
28)  is  extremely  valuable  in  fundamental  studies,  and  being 
quantitative,  requires  analyses  of  considerable  accuracy.  The 
•objective  of  the  present  study  was  to  find  procedures  of  approxi¬ 
mately  the  same  accuracy  as  the  traditional  A.O.A.C.  macro¬ 
methods,  even  if  their  speed  should  be  somewhat  less  than  that 
of  the  so-called  rapid  tests.  The  samples  of  leaf  tissue  analyzed 
in  this  study  were  taken  from  field  experiments  of  the  Depart¬ 
ment  of  Horticulture. 

In  1942  Lindner  and  Harley  (19)  reported  the  successful  adap¬ 
tation  of  wet-ashing  and  subsequent  nesslerization  to  the  deter¬ 
mination  of  nitrogen  in  leaf  tissues.  The  solution  resulting 
from  the  ashing  of  0.1  gram  of  dried  leaf,  it  was  felt,  should  be 
of  use  as  a  parent  solution  from  which  aliquots  could  be  taken 
for  the  analysis  of  phosphorus  pentoxide  and  the  other  mineral 
elements.  Toward  the  end  of  this  study,  Lindner  (18)  reported  a 
scheme  for  doing  this. 

The  present  paper  deals  with  attempts  to  duplicate  the  Lind¬ 
ner  and  Harley  nitrogen  determination  and  to  eliminate  the 
sources  of  difficulty  in  the  method  as  described  (19).  It  also 
presents  an  adaptation  of  the  Fiske  and  Subbarow  colorimetric 
procedure  for  blood  phosphorus  to  leaf  analysis,  together  with  a 
comparison  of  several  methods  of  determining  phosphorus,  and 
some  fundamental  data  pertinent  to  all  colorimetric  phosphorus 
determinations  in  which  molybdic  acid  is  used. 

Finally,  data  are  presented  which  show  for  the  first  time  the 
use  of  dipicrylamine  in  the  determination  of  potassium  in  leaf 
tissue,  employing  the  procedure  developed  by  Amdur  (2)  for 
synthetic  solutions. 

Several  “rapid  test”  procedures  developed  primarily  for  soil 
analysis  can  also  be  used  for  leaf  tissue.  Those  of  Merkle  (20) 
and  Morgan  (21)  are  widely  used  and  are  of  great  value.  The 
degree  of  accuracy  desired  and  obtained  in  these  procedures  is 
relatively  low  compared  with  the  requirements  of  foliar  diagnosis, 
although  adequate  for  soil  testing.  Wolf  (35)  has  recently  de¬ 
scribed  leaf  analyses,  using  as  a  starting  point  the  Lindner  and 
Harley  (19)  wet-ashing  technique,  but  here  again  the  agreement 
with  A.O.A.C.  procedures  is  only  fair. 

1  Present  address.  Natural  Research  Corporation,  Plymouth,  Fla. 


REAGENTS 

Concentrated  sulfuric  acid. 

Nessler’s  reagent,  prepared  preferably  according  to  Vanselow 
(31)  or  standard  texts  (16). 

Hydrogen  peroxide,  30%.  Baker’s  analyzed. 

Sodium  hydroxide,  2.5  N. 

Sodium  silicate,  10%. 

Ammonium  molybdate,  5%. 

1,  2,  4-Aminonaphtholsulfonic  acid  (0.5  gram  of  there  crystal¬ 
lized  acid).  Shake  with  30  grams  of  sodium  bisulfite  and  6  grams 
of  crystalline  sodium  sulfite  with  enough  water  to  make  the 
volume  250  ml.  Filter  clear  and  make  up  every  2  weeks. 

Lithium  dipicrylaminate,  0.6%,  saturated  with  potassium 
dipicrylaminate. 

APPARATUS 

A  photoelectric  colorimeter,  calibrated  colorimeter  tubes, 
fight  filters  transmitting  at  470  and  660  millimicrons  wave 
length,  volumetric  flasks  of  100-  and  50-ml.  capacity,  2  dropping 
bottles  and  pipets,  and  conical  flasks  of  50-ml.  capacity. 

PROCEDURE 

Wet-Ashing.  Place  a  leaf  sample  of  0.1  gram  of  dried  and 
ground  material  or  the  equivalent  of  fresh  material  in  a  50-ml. 
Erlenmeyer  flask.  Two  samples  can  be  conveniently  run  as  a 
unit.  Add  2  ml.  of  concentrated  sulfuric  acid,  swirl  the  vessel, 
and  allow  it  to  stand  about  10  minutes.  Then  place  it  upon  a 
wire  gauze-asbestos  screen  through  which  a  hole  2.5  cm.  (1  inch) 
in  diameter  has  been  cut.  Five  centimeters  (2  inches)  below 
this  is  a  gas  flame,  blue  in  color,  1.25  cm.  (0.5  inch)  in  height. 
Heat  3  minutes  over  the  low  flame;  dense  fumes  similar  to 
cigaret  smoke  will  come  off  at  this  point.  Raise  the  flame  to  1 
inch  in  height  and  continue  the  heating  2  minutes.  Allow  the 
sample  to  cool;  add  0.5  ml.  of  30%  hydrogen  peroxide  to  the 
flask.  Place  over  a  0.5-inch  flame  until  bubbling  begins;  re¬ 
move  until  bubbling  ceases  and  then  replace  over  the  flame. 
Once  the  hydrogen  peroxide  has  stopped  bubbling  in  the  flask, 
raise  the  flame  and  allow  the  mixture  to  come  to  a  boil.  During 
this  period  the  solution  first  becomes  somewhat  fighter  and  then 
much  darker. 

Remove  the  flask,  cool  to  room  temperature,  add  5  drops  of 
30%  hydrogen  peroxide,  and  place  the  flask  over  a  0.5-inch  flame 
again.  The  5  drops  correspond  to  0.25  ml.  Again  remove  the 
flask  from  the  flame  when  bubbling  begins  and  replace  it  when 
bubbling  ceases.  When  bubbling  ceases  raise  the  flame  and  heat 
to  boiling.  If  the  solution  is  yellow  add  3  drops  of  hydrogen 
peroxide  once  the  mixture  has  been  cooled;  if  darker  add  5  drops. 
Repeat  the  heating  as  before  and  if  the  resulting  solution  is  not 
nearly  colorless  repeat  the  cooling,  adding  of  peroxide,  and  then 
heating  once  more.  When  colorless  or  nearly  so  boil  for  3  minutes 
to  expel  all  the  peroxide.  Cool,  add  about  10  ml.  of  distilled 
water,  and  a  few  minutes  later  rinse  into  a  100-ml.  volumetric 
flask  and  make  to  the  mark.  This  constitutes  the  parent  solu¬ 
tion  from  wrhich  aliquots  are  taken  for  subsequent  analysis.  A 
reagent  blank  is  carried  along  at  the  same  time. 

Nitrogen  Determination.  For  estimation  of  total  nitrogen 
which  is  now  in  the  form  of  ammonium  sulfate,  pipet  a  5-ml.  ali¬ 
quot  into  a  50-ml.  volumetric  flask,  add  1  ml.  of  2.5  N  sodium 
hydroxide  and  1  ml.  of  10%  sodium  silicate,  make  to  volume 
with  distilled  water,  and  thoroughly  mix.  If  a  Klett-Summerson 
photoelectric  colorimeter  is  to  be  used,  pour  out  5  ml.  of  the 
above  solution  in  a  colorimeter  tube,  using  the  5-ml.  calibration 
on  the  tube  as  a  guide.  Also  measure  out  standard  solutions 
having  from  1  to  5  parts  per  million;  two  standards  will  some¬ 
times  suffice  when  operating  in  a  range  in  which  the  standard 
curve  is  a  straight  fine. 

When  all  the  samples  are  measured  out  add  to  each  4  drops  of 
Nessler’s  reagent,  shaking  after  the  addition  of  each  drop.  The 
Nessler’s  reagent  is  kept  in  a  dropping  bottle  delivering  55  drops 
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per  ml.  Read  in  about  10  minutes  in  the  colorimeter,  using  a 
blue  filter.  A  filter  having  maximum  transmission  at  470  milli¬ 
microns  wave  length  is  satisfactory.  The  amount  of  nitrogen 
present  is  read  from  the  curve.  Colorimeter  tubes  should  be 
calibrated  for  light  transmittance  against  each  other  while  con¬ 
taining  distilled  water  and  the  appropriate  corrections  applied 
when  reading  samples  in  the  colorimeter. 

Phosphorus  Determination.  Phosphorus  determinations 
are  carried  out  upon  5-ml.  aliquots  of  the  parent  solution  which 
are  poured  directly  into  the  colorimeter  tubes,  as  are  standards 
having  from  1  to  10  p.p.m.  of  P205.  To  the  standards  add  11 
drops  of  concentrated  sulfuric  acid  from  a  dropping  bottle  (55 
drops  per  ml.);  to  the  leaf  sample  aliquots  add  5  drops.  From  a 
25-  or  50-ml.  buret  add  1  ml.  of  a  5%  solution  of  ammonium 
molybdate,  shake  vigorously,  and  then  add  from  a  2-ml.  buret 
0.25  ml.  of  1,2,4-aminonaphtholsulfonic  acid  prepared  as  per 
King  {13).  Shake  well  again.  The  two  reagents  should  be 
made  up  fresh  every  few  weeks.  Allow  the  tubes  to  stand  about 
30  minutes  and  read  in  a  colorimeter  using  a  red  filter;  one  having 
maximum  light  transmission  at  660  millimicrons  is  satisfactory. 
Usually  two  or  three  standards  will  be  adequate,  since  the  stand¬ 
ard  curve  is  straight  from  0  to  10  p.p.m.  of  P206. 

Potassium  Determination.  While  the  nitrogen  determina¬ 
tion  is  being  carried  out  have  10-ml.  aliquots  of  the  parent  solu¬ 
tion  evaporating  in  30-ml.  Vycor  crucibles  on  the  steam  cups. 
When  the  volume  is  down  to  approximately  0.5  ml.  set  aside  the 
crucibles  for  determination  of  potassium  or  place  them  immedi¬ 
ately  on  a  hot  plate  or  on  a  wire  gauze-asbestos  pad  over  a  low 
flame  in  a  hood.  Allow  to  heat  at  a  rate  sufficient  to  produce 
fuming  but  not  spattering.  When  fuming  has  almost  ceased, 
rotate  the  individual  crucibles  over  a  free  flame  approximately 
7.5  cm.  (3  inches)  high  having  a  cone  an  inch  high,  to  drive  off 
sulfuric  acid  and  ammonium  sulfate  adhering  to  the  sides  of  the 
vessel.  Avoid  producing  more  than  a  dull  red  heat  in  the  cru¬ 
cible;  usually  no  apparent  redness  is  needed.  It  is  not  essential 
that  the  residue  be  white. 

When  the  vessel  contents  are  dry  and  cooled  somewhat,  add 
hot  distilled  water  to  wash  any  potassium  sulfate  down  the 
sides,  so  that  all  the  potash  will  be  within  0.93  to  1.25  cm.  (0.375 
to  0.5  inch)  from  the  bottom.  A  rubber  policeman  may  be  help¬ 
ful  here.  When  evaporated  over  a  steam  cup  to  dryness  add 
exactly  1  ml.  of  lithium  dipicrylaminate  solution  of  Amdur  (3) 
to  each  sample  and  to  a  series  of  evaporated  standards  containing 
from  0.1  to  0.6  mg.  of  K20.  Allow  to  stand  3  hours  at  a  rela¬ 
tively  constant  temperature.  At  the  end  of  this  time  draw  off 
from  each  of  the  standards  and  samples  0.4  ml.  of  the  clear 
supernatant  reagent  and  dilute  with  water  to  100  ml.  Read  in  a 
photoelectric  colorimeter,  using  the  same  filter  used  in  the  nitro¬ 
gen  determinations. 

When  one  knows  the  range  of  potash  content  in  the  samples 
two  standards  are  usually  sufficient.  It  is  essential  that  there 
be  no  ammonia  fumes  in  the  laboratory  while  the  nitrogen  deter¬ 
minations  are  being  carried  out  and  after  the  potash  determina¬ 
tions  have  gone  as  far  as  the  completion  of  the  heating  process. 
Ammonium  ion  forms  an  insoluble  salt  with  dipicrylamine,  as  does 
potassium. 

Discussion  of  Wet- Ashing  and  Nitrogen  Determination. 
The  wet-ashing  technique  and  the  method  of  determining  nitro¬ 
gen  are  essentially  those  described  by  Lindner  and  Harley  {19). 
The  agreement  reported  by  Lindner  and  Harley  between  ness- 
lerization  technique,  “rapid  method’’,  and  the  Kjeldahl  pro¬ 
cedure  was  usually  very  close,  within  several  per  cent  of  the  total, 
while  an  error  of  7.4%  of  the  total  was  the  largest  they  reported. 
In  the  early  stages  of  the  present  work,  seven  replicates  of 
tomato  leaf,  tier  2,  plot  5,  15th  leaf,  sampled  August  1,  1941  {30), 
Kjeldahl  nitrogen  analysis  of  which  was  2.87%,  gave  an  aver¬ 
age  value  of  2.48,  or  a  value  10%  low,  with  an  average  deviation 
of  0.11.  These  data  were  obtained  by  scrupulously  following  the 
procedure  of  Lindner  and  Harley.  The  wet-ashing  took  several 
hours  for  six  samples  or  about  twice  as  long  as  Lindner  and 
Harley  specify. 

Nitrate  was  estimated  at  each  step  of  the  procedure  with  di- 
phenylamine  prepared  according  to  Merkle  {20).  These  tests 
showed  that  losses  of  nitrate,  if  any,  must  have  occurred  at  the 
start  of  the  wet-ashing.  Very  cautious  heating  at  the  first  stage 
of  the  procedure  therefore  was  adopted.  Anderson  {3)  has  shown 
that  the  driving  off  of  hydrochloric  acid  at  this  point  is  an  ad¬ 
vantage,  since  ammonia  can  be  oxidized  to  nitrogen  and  driven 
off  in  the  presence  of  an  oxidizing  agent.  The  strong  heating  for 


Table  I  Comparison  of  Micro  and  Macro  (Kjeldahl)  Analyses 


Kjeldahl 

Lindner 

and 

Sample 

Nitrogen, 

Harley  Nitro- 

% 

gen, 

% 

Sweet  corn,  7-13-43 

Plot  1 

3.83 

3.89 

3.73 

Plot  2 

3.76 

3.77 

3.87 

3.95 

Plot  3 

3.55 

3.53 

3.63 

3.53 

3.60 

Plot  4 

3  39 

3.37 

3.34 

3.39 

3.49 

3.49 

Plot  5 

3.70 

3.64 

3.83 

3.65 

Plot  6 

3.57 

3.53 

3,60 

3.61 

Plot  7 

3.63 

3.54 

3.49 

Corn  T2,  7th  leaf,  9-1-42 

2.24 

2.20 

2.27 

Corn,  plot  2,  7-3-42 

4.77 

4  80 

Apple,  York  N.B.,  7-7-43 

2.08 

2.11 

Apple,  York  B,  7-7-43 

2.00 

2.15 

Tomato,  tier  1,  plot  4,  4th  leaf,  7-9-41 

2.40 

2.42 

2.52 

2  minutes  should  drive  off  hydrochloric  acid  which  is  very  vola¬ 
tile,  and  which  arises  from  the  action  of  the  sulfuric  acid  on  the 
chloride  present  in  the  leaf.  Its  odor  is  distinct  at  the  start  of  the 
wet-ashing. 

The  procedure  outlined  above  was  evolved  after  examining 
each  step  of  the  Lindner  and  Harley  method.  For  the  sake  of 
brevity  only  a  few  observations  will  be  noted.  For  example, 
King  {13)  in  wet-ashing  blood  with  hydrogen  peroxide  specifies 
a  3-minute  final  boiling  in  connection  with  subsequent  P206 
determination.  That  residual  hydrogen  peroxide  can  cause  a 
large  error  was  shown  by  the  addition  of  one  drop  to  a  cooled  wet- 
ashed  solution;  the  deviation  from  the  Kjeldahl  nitrogen  value 
was  40%. 

The  present  procedure,  used  on  a  corn  leaf  sample  having  a 
Kjeldahl  nitrogen  value  of  3.35%,  gave  for  10  completely  sepa¬ 
rate  replicates  a  nitrogen  percentage  of  3.64  with  an  average 
deviation  of  0.044. 

This  degree  of  accuracy  was  deemed  adequate  for  the  uses 
proposed  for  the  rapid  micromethod.  Table  I  gives  analyses 
by  the  rapid  method  and  the  corresponding  Kjeldahl  analyses. 

The  sample  designations  in  the  tables  conform  with  those  in 
{29,  30). 

The  standard  ammonium  sulfate  solution  was  analyzed  by 
distillation  into  5/14  N  sulfuric  acid,  standardized  gravimetri- 
cally,  and  back-titrated  with  1/14  N  ammonium  hydroxide  in 
order  that  the  macro  and  micro  results  might  be  on  the  same 
basis. 

The  principal  modifications  of  the  Lindner  and  Harley  pro¬ 
cedure  as  published  were  (1)  allowing  the  leaf  and  sulfuric  acid 
to  stand  together  at  least  10  minutes  before  heating,  (2)  specify¬ 
ing  more  precisely  the  initial  heating  technique  including  raising 
the  flame  after  3  minutes,  (3)  taking  care  to  have  the  hydrogen 
peroxide  react  and  bubble  off  at  the  minimum  temperature  pos¬ 
sible,  (4)  following  this  by  heating  to  boiling  each  time  hydrogen 
peroxide  is  added,  and  finally  (5)  boiling  the  wet-ashed  solution 
for  3  minutes  as  the  last  step  in  the  wet-ashing  procedure.  Point 
(4)  was  confirmed  by  Lindner  {17),  who  also  states  that  dried, 
ground  leaf  takes  longer  to  ash  than  fresh  leaf  tissue. 

Several  notes  about  the  colorimetric  procedure  used  in  deter¬ 
mining  the  ammonia  are  pertinent  here. 

A  Klett-Summerson  photoelectric  colorimeter  was  used  with  a 
blue  filter  having  maximum  transmission  at  470  millimicrons. 
The  standard  curve  obtained  with  pure  ammonium  sulfate  was  a 
straight  line  between  0  and  4  p.p.m. 

The  colorimeter  tubes  supplied  with  the  instrument  are  already 
calibrated  and  if  the  mark  placed  on  them  faces  the  operator, 
variations  in  readings  due  to  optical  variations  inherent  in  the 
tubes  are  supposed  to  be  negligible.  An  experimental  test  of 
several  tubes  revealed  differences  among  them  as  great  as  7  units 
on  the  colorimeter  scale.  Since  most  determinations  are  carried 
out  between  0  and  200  on  the  scale,  the  magnitude  of  the  error  is 
considerable. 

Calibration  is  carried  out  easily  as  follows:  The  instrument  is 
set  at  10  with  the  filter  to  be  used  and  with  a  tube  filled  with  dis- 
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tilled  water  or  the  colored  solution  ordinarily  used.  The  other 
tubes  are  read  and  the  correction  is  written  on  the  tube  with  a 
diamond  or  Carborundum  pencil.  Corrections  were  found  to  be 
minimized  if  the  Klett  marking  was  ignored  and  the  tube  ro¬ 
tated  in  the  instrument  until  its  reading  was  a  minimum.  The 
correction  written  on  the  part  of  the  tube  facing  the  operator 
then  allows  him  always  to  place  it  in  this  position.  The  correc¬ 
tions  change  but  little  if  the  tubes  are  handled  carefully  and  not 
scratched.  Work  with  an  Evelyn  photoelectric  colorimeter 
also  has  shown  the  necessity  for  tube  calibrations. 

The  Kessler’s  reagent  was  prepared  according  to  Vanselow 
(SI).  Four  drops  from  a  dropping  bottle  delivering  55  drops  per 
ml.  were  adequate  if  the  tube  contents  were  mixed  after  each 
drop. 

The  Klett  tubes  are  calibrated  at  5  and  10  ml.  One  can  pour 
out  the  5-ml.  aliquot  for  nesslerization,  using  the  calibration  as  a 
guide  rather  than  pipetting  out  5  ml.  This  represents  a  great 
saving  in  time.  A  few  drops  more  or  less  than  5  ml.  were  found  to 
make  no  detectable  difference  in  the  reading. 

The  2.0  ml.  of  2.5  N  sodium  hydroxide  used  to  neutralize  10 
ml.  of  the  wet-ashed  solution  are  not  critical;  1.5  ml.  gave  no 
difference  in  the  final  reading  nor  in  the  pH  of  11.8  after  adding 
the  Kessler’s  reagent  as  measured  by  a  glass  electrode  and  a 
Leeds  &  Korthrup  potentiometer-electrometer. 

In  a  series  of  more  than  four  determinations  the  zero  setting  of 
the  instrument  for  the  blank  or  distilled  water  may  change  slightly 
and  this  has  been  observed  to  cause  errors  of  several  units  on  the 
scale.  It  is  a  necessary  precaution,  therefore,  to  check  this  after 
every  4  to  6  readings. 

PHOSPHORUS  DETERMINATION 

Quantitative  colorimetric  estimation  of  phosphorus  present 
in  microquantities  is  carried  out  almost  universally  by  the  molyb¬ 
denum  blue  reaction.  Deniges  (7)  described  the  method  in  1920 
and  numerous  modifications  have  appeared  since  then,  many  of 
which  have  been  discussed  by  Zinzadze  (37).  The  probable  reac¬ 
tion  is  as  follows:  Orthophosphate  ions  catalyze  the  reduction 
of  soluble  molybdates  by  stannous  chloride  or  other  reducing 
agents  to  a  blue  complex  having  molybdenum  present  in  5-  and  6- 
valent  forms  (5,  16).  This  view  conflicts  with  earlier  assumptions 
which  can  be  found  in  textbooks  on  colorimetry  that  metallic  tin, 
stannous  chloride,  hydroquinone,  or  naphtholsulfonic  acid 
“specifically”  reduces  ammonium  phosphomolybdate  to  the 
molybdenum  blue  complex.  Zinzadze  (37)  has 
shown  that  the  reduction  can  take  place  in  the 
absence  of  phosphate;  Berenblum  and  Chain  (5) 
contend  that  any  reducing  agent  will  produce 
the  blue  color  if  given  sufficient  time.  As  is 
pointed  out  below,  changes  in  the  sulfuric  acid 
normality  change  markedly  both  the  reaction 
rate  and  equilibrium  of  the  reaction.  The 
molybdenum  blue  reaction  was  used  in  this 
study  because  it  is  sensitive  to  very  small 
amounts  of  phosphorus  and  the  determination 
on  an  aliquot  of  the  wet-ashed  material  is  very 
rapid. 

King’s  procedure  (13)  for  blood  analysis  was 
chosen,  in  which  1,2,4-aminonaphtholsulfonic 
acid  is  used  as  the  reducing  agent,  as  origi¬ 
nated  by  Fisk  and  Subbarow  (9).  Fiske  and 
Subbarow  showed  that  this  reducing  agent  is 
far  less  sensitive  to  interfering  compounds  than 
is  stannous  chloride.  King  used  a  greater  sul¬ 
furic  acid  c'ontent  and  an  improved  method  of 
making  up  the  aminonaphtholsulfonic  acid. 

Fudge  (11)  presented  data  on  phosphorus  con¬ 
tent  of  leaves  obtained  by  means  of  the  King 
procedure,  but  without  details  as  to  the  way 
in  which  the  method  was  adapted  to  leaf 
material. 


The  concentration  of  sulfuric  acid  present  in  the  Lindner  and 
Harley  solution  was  found  by  titration  to  be  approximately 
0.64  Ar.  With  this  normality  no  stable  readings  could  be  obtained 
with  5%  ammonium  molybdate  and  sulfonic  acid  prepared  ac¬ 
cording  to  King.  Figure  1  shows  colorimeter  readings  plotted 
against  sulfuric  acid  normality  of  the  solution  being  tested. 
Between  0.8  and  1.65  N  the  readings  are  constant;  therefore, 
if  one  adds  enough  drops  of  concentrated  sulfuric  acid  to  obtain  a 
normality  of  1.3  N,  slight  differences  in  concentration  of  sulfuric 
acid  obtained  will  have  no  effect  on  the  reading,  whether  caused 
by  differences  in  amount  of  acid  lost  in  wet-ashing  or  by  differ¬ 
ences  in  size  of  drops  of  sulfuric  acid  from  the  dropping  bottle. 
Woods  and  Mellon  (36)  found,  using  aminonaphtholsulfonic  acid 
prepared  somewhat  differently,  that  colorimeter  readings  were 
approximately  constant  between  0.6  and  1.3  N  sulfuric  acid. 
Fontaine  (10)  found  that  variation  between  1.7  and  2.1  N  in 
sulfuric  acid  concentration  caused  less  than  2%  difference  in  light 
transmittance  when  stannous  chloride  was  the  reducing  agent; 
they  recommended  1.9  as  the  approximate  normality.  Beren¬ 
blum  and  Chain  (5)  found  that  a  normality  of  1.1  was  necessary 
to  prevent  the  appearance  of  color  with  no  P2OS  in  the  solution, 
and  they  recommended  this  normality. 

The  use  of  sulfonic  acid  allows  a  much  wider  range  of  acid  con¬ 
centration  than  does  Fontaine’s  method,  as  can  be  seen  from 
Figure  1.  Sulfonic  acid  reacts  at  higher  concentrations  of  P2Oi, 
than  does  stannous  chloride,  however,  which  in  the  present  case 
coincides  with  the  range  found  in  leaves  in  this  laboratory,  ap¬ 
proximately  0.2  to  0.6%,  or  2  to  6  p.p.m.  of  P2O5  in  the  diluted 
solution  of  the  leaf  prepared  by  the  Lindner  and  Harley  method. 

When  colorimeter  readings  are  plotted  against  time  of  stand¬ 
ing,  after  addition  of  the  reagents,  for  several  concentrations  of 
P2O5  it  is  seen  that  the  rate  of  change  of  colorimeter  readings  with 
time  varies  up  to  25  minutes,  after  which  it  is  constant.  For  this 
reason,  leaf  samples  may  be  read  in  comparison  with  the  stand¬ 
ards,  which  have  been  standing  under  the  same  conditions,  at 
any  time  between  25  and  35  minutes  after  the  reagents  are  mixed. 
The  results  will  be  identical  whether  readings  are  made  after  25 
or  35  minutes,  even  though  the  colorimeter  readings  have  changed, 
because  the  standards  have  changed  at  the  same  proportionate 
rate  as  has  the  sample. 

Table  II  gives  a  comparison  of  results  from  the  sulfonic  acid 
micromethod  as  just  described  and  those  from  the  volumetric 


Figure  1.  Effect  of  Sulfuric  Acid  Normality  on  Molybdenum  Blue  Complex  Color 
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Table  II.  P2Os  Analyses  as  Percentage  of  Dry  Matter 


Volu¬ 

metric 

Gravi¬ 

metric 

Sulfonic 

Acid 

Micro¬ 

Stannous 

Chloride 

Micro¬ 

A.O.A.C. 

Micro- 

Sample 

A.O.A.C. 

A.O.A.C. 

method 

method 

method 

Corn  7-13-43 

Plot  1 

0.570 

0.572 

0.574 

0.584 

0.587 

Plot  2 

0.548 

0.551 

0.547 

0.550 

o’.  560 

Plot  3 

0.547 

0.545 

0.520 

0.532 

0.532 

6.57 

0.55 

0.537 

Plot  4 

0.499 

0.535 

o’.  523 
0.517 

0.510 

0.520 

6.54 

0.530 

Plot  5 

0.542 

0.547 

0.525 

0.495 

0.550 

Plot  6 

0.605 

0.602 

0.616 

0.629 

6 '62 
0.63 

0.600 

Plot  7 

0.612 

0.612 

0.606 

0.612 

0.595 

0.610 

0.66 

0.608 

Corn  8-3-43 

Plot  3 

0.447 

0.449 

0.453 

0.451 

0.455 

.... 

Plot  7 

0.535 

0.525 

0.529 

0.525 

0  535 
0.555 

0.525 

procedure  of  the  Association  of  Official  Agricultural  Chemists  (4). 
Also  included  are  10  gravimetric  analyses,  A.O.A.C.  procedure, 
run  as  a  check  on  the  volumetric  method.  For  eight  of  the  nine 
samples  studied  the  A.O.A.C.  micromethod  also  was  carried  out. 
This  procedure  is  a  colorimetric  one,  differing  from  the  sulfonic 
acid  procedure  primarily  in  the  reducing  agent  which  is  hydro- 
quinone.  A  2-ml.  aliquot  of  a  dry-ashed  leaf  solution  having 
5  grams  of  dry  leaf  in  250  ml.  was  needed,  or  40  mg. ;  it  thus  re¬ 
quires  eight  times  as  large  a  sample  as  the  sulfonic  acid  method. 

The  sulfonic  acid  micromethod  and  the  macromethods  agreed 
within  3.5%  or  less  of  the  total  except  for  leaves  from  one  plot 
where  the  former  was  6.2%  of  the  total  lower  than  the  latter. 
In  five  cases  out  of  the  nine,  the  agreement  was  within  2%  of  the 
total. 

Data  are  given  in  Table  II  also  for  analyses  by  the  Lindner 
recommendations,  which  require  more  manipulation  and  the 
use  of  stannous  chloride  which  is  inherently  more  sensitive  but 
less  accurate  than  sulfonic  acid.  Before  controlling  the  acid  con¬ 
centration  the  results  were  erratic.  The  volumetric  and  gravi¬ 
metric  methods  agreed  reasonably  well. 

Reproducibility.  Standard  P205  solution,  6  p.p.m.,  whose 
concentration  was  checked  volumetrically  and  gravimetrically, 
was  analyzed  with  10  replicates;  the  lowest  value  was  5.92  and 
the  highest  6.12  with  an  average  deviation  of  0.04  p.p.m.  or 
about  0.7%  of  the  total.  Two  separate  solutions  were  made  of 
a  sample  of  tomato  leaf  tissue,  plot  7,  8-3-43.  From  each,  10 
aliquots  were  analyzed,  giving  for  the  first  0.536  =*=  0.005  and  the 
second  0.529  =*=  0.005%  of  P205  in  the  leaf,  or  average  deviations 
of  less  than  1%  of  the  total.  The  averages  differed  by  1.1%  of 
the  total. 

Wet-ashed  solutions  allowed  to  stand  six  months  to  a  year  in 
Kimble  Exax  volumetric  flasks  were  observed  to  give  values  from 
10  to  20%  of  the  total  too  high.  The  use  of  sodium  bisulfite  to 
reduce  arsenates  to  arsenites,  which  is  advisable  if  arsenates  are 
known  to  be  present  (23),  was  found  to  reduce  this  error.  Long 
standing,  therefore,  probably  resulted  in  dissolving  some  arsenic 
from  the  glass.  To  reduce  the  arsenate  in  the  solution  to  arsenite, 
approximately  0.03  gram  of  crystalline  sodium  bisulfite  was  added 
to  a  5-ml.  aliquot,  heated  to  80°  C.  for  at  least  30  minutes,  and 
cooled,  and  the  determination  carried  out  in  the  usual  way. 

Standard  P206  solutions  were  kept  in  old  volumetric  flasks 
which  had  been  aged  with  hot  potassium  dichromate-sulfuric  acid 
cleaning  solution  over  a  steam  bath  for  at  least  24  hours.  The 
cleaning  solution  is  effective  in  reducing  arsenate  interference 
(S7). 

Once  the  wet-ashed  extracts  are  prepared,  the  sulfonic  acid 
technique  is  rapid.  Exactly  2  hours  elapsed  from  the  start  of  a 


series  of  28  analyses  to  the  tabulation  of  the  percentages  and  this 
included  the  time  to  plot  the  standard  curve. 

DETERMINATION  OF  POTASSIUM 

The  accurate  determination  of  potassium  (expressed  here  as 
the  oxide,  K20,  or  potash)  in  biological  material  is  far  more  dif¬ 
ficult  than  that  of  any  other  major  element  of  the  leaf. 

The  Lindo-Gladding  method  employing  platinic  chloride, 
which  is  the  official  method  of  the  Association  of  Official  Agri¬ 
cultural  Chemists,  is  expensive  and  very  time-consuming,  and 
loses  accuracy  when  applied  to  microquantities.  The  co- 
baltini trite  reagent  of  Adie  and  Wood  (1)  is  widely  used  rather 
than  platinic  chloride  since  it  is  cheaper  and  quicker.  It 
suffers  from  the  disadvantage  of  variability  of  composition  of 
precipitate  formed  but  can  be  made  to  give  comparative  results 
under  controlled  conditions.  Perchloric  acid  sometimes  is  used 
as  a  precipitating  reagent.  Fales  and  Kenny  (8)  state  that  re¬ 
sults  obtained  are  not  so  precise  as  those  by  the  platinic  chloride 
method.  The  possibility  of  dangerous  explosions  probably  pre¬ 
vents  its  more  widespread  use. 

In  the  realm  of  microchemistry  applied  to  plants  and  soils  the 
cobaltinitrite  reagent  is  virtually  the  only  method  used.  Alco¬ 
hol,  usually  ethyl  or  isopropyl,  is  added  to  a  vial  containing  the 
solution  of  the  sample  to  be  analyzed  and  sodium  cobaltinitrite. 
This  causes  turbidity  which  is  compared  visually  or  photometri¬ 
cally  with  standards  similarly  treated  (6).  For  more  precise 
work  and  usually  for  semimicroquantities,  the  potassium  co¬ 
baltinitrite  precipitate  is  separated  by  filtration  or  centrifugation 
and  then  can  be  measured  colorimetrically  by  its  reaction  with  a 
colored  oxidizing  agent  (34)  or  by  titration  with  an  oxidizing 
agent  (14)  or  with  nitroso  R  salt  (25).  Klein  and  Jacobi  (14) 
have  described  a  procedure  for  determining  0.1  to  0.2  mg.  of 
potassium  by  a  titration  of  silver  potassium  cobaltinitrite. 
Chloride  and  phosphate  ions  interfere  and  must  be  removed, 
a  considerable  drawback  in  leaf  analysis. 

Peech  and  English  (22)  have  recently  examined  the  turbidi- 
metric  cobaltinitrite  procedure.  They  point  out  that  “aside  from 
variability  in  the  composition  of  the  precipitate  due  to  possible 
substitution  of  potassium  and  ammonium  ions,  the  apparent 
turbidity  is  markedly  influenced  by  particle  size  and  crystal  form 
of  the  precipitate”,  and  that  considerable  practice  is  essential  to 
obtain  precision.  They  did  not  try  their  method  on  leaf  tissue. 

Lindner  (18)  used  the  turbidimetric  procedure  in  his  scheme  of 
analysis  of  leaf  material.  Some  measure  of  the  variability  to  be 
expected  with  the  method  is  given  in  his  Table  II,  “recovery  of 
potassium  from  pure  solutions  of  potassium  chloride”.  With 
pure  salts  he  reports  variations  as  great  as  ± 8 %  of  the  total  for  a 
sample  of  25  micrograms  (0.025  mg.)  and  =±=2%  of  the  total  for 
0.2  mg'  Percentage  recovery  of  potassium  added  to  leaf  mate¬ 
rial  varied  from  94  to  108. 

Several  attempts  by  the  author  to  obtain  a  reasonably  low 
average  deviation  using  the  cobaltinitrite  turbidimetric  methods 
on  series  of  replicates  of  wet-ashed  leaves  were  failures.  Only  a 
few  of  the  55  determinations  gave  values  in  agreement  with  those 
obtained  by  the  platinic  chloride  or  macro  cobaltinitrite  pro¬ 
cedure.  The  reproducibility  was  too  low  and  the  procedure  was 
abandoned.  Many  more  determinations  would  have  to  be  made 
before  the  accuracy  of  which  the  method  apparently  is  capable 
could  be  achieved. 

Kolthoff  and  Bendix  (15)  were  the  first  Americans  to  describe 
the  use  of  dipicrylamine,  hexanitrodiphenylamine,  in  the  quan¬ 
titative  estimation  of  potassium.  They  credit  Poluektoff  (24) 
with  being  the  first  to  use  a  solution  of  the  sodium  salt  of  di¬ 
picrylamine  as  a  reagent  for  potassium.  They  say  that  thallous 
thallium,  beryllium,  zirconium,  lead,  and  mercuric  mercury 
have  been  found  to  give  colored  crystalline  precipitates  with 
sodium  dipicrylaminate.  Aluminum,  ferric  iron,  chromic 
chromium,  nickel,  cobalt,  copper,  bismuth,  vanadium,  titanium, 
thorium,  and  mercurous  mercury  are  said  to  give  amorphous 
precipitates.  Kolthoff  and  Bendix  then  say:  “The  reagent 
has  an  alkaline  reaction  and  the  last-mentioned  group  of  cations 
should  yield  a  precipitate  which  may  consist  of  the  hydrous  oxide 
or  some  basic  salt”. 

Amdur  (2)  attempted  to  use  the  Kolthoff  and  Bendix  methods 
on  blood  samples  and  found  that  an  indirect  colorimetric  proce¬ 
dure  using  the  lithium  salt  of  dipicrylamine  gave  greater  precision 
with  the  pure  salts  and  mixtures  of  salts  analyzed.  Harrington 
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(IS)  independently  worked  out  a  method  using  lithium  dipicryl- 
aminate  for  the  determination  of  potassium  in  blood.  Veigle 
(, 32 )  also  used  lithium  dipicrylaminate  for  the  same  purpose  and 
gives  a  procedure  which  is  apparently  as  accurate  as  Harring¬ 
ton’s  and  yet  more  rapid.  Harrington  and  Veigle  used  a  direct 
procedure  in  which  the  potassium  salt  of  dipicrylamine  was  pre¬ 
cipitated,  washed,  dissolved  in  an  organic  solvent,  and  read 
colorimetrically.  The  procedure  of  Amdur  (S)  is  relatively 
simple  and  rapid  and  since  it  is  indirect  and  the  precipitation  is 
carried  out  in  an  alkaline  medium,  interference  from  the  last 
group  of  elements  listed  above  by  Kolthoff  should  be  eliminated. 
The  method  proposed  here  is  fundamentally  similar  to  that  of 
Harrington  (IS). 

The  procedure  calls  for  the  removal  of  0.4  ml.  of  the  super- 
natent  liquid  by  means  of  a  0.4-ml.  pipet  with  the  tip  covered  by 
filter  paper.  It  is  best  to  calibrate  6  pipets  carefully  for  this 
purpose,  so  that  they  will  be  identical. 

An  alternative  scheme  for  the  last  step  is  to  use  dry  Pyrex  filter 
sticks  and  to  draw  the  supernatant  liquid  into  a  dry  tapered  test 
tube  by  suction.  Enough  liquid  is  brought  over  so  that  one  can 
rinse  the  pipet  three  times  and  still  obtain  0.4  ml.  for  dilution  to 
100  ml.  In  this  way  the  same  pipet  may  be  used  for  all  samples 
and  standards,  eliminating  the  need  to  calibrate  six  pipets. 

Table  III  gives  a  comparison  of  results  obtained  by  this  pro¬ 
cedure  and  those  obtained  by  the  A.O.A.C.  Lindo-Gladding 
platinic  chloride  method  or  the  volumetric  cobaltinitrite  procedure 
of  Volk  and  Truog  (S3). 


Table  III.  Comparison  of  Macro-  and  Microdeterminations  of  K»0 

K20,  Macro- 


Sample 

method 

K20,  Micromethod 

% 

% 

% 

Corn  Plot  1,  7—13-43 

5.09 

5.10 

4.91  ±  0.10 

Plot  2 

4.89 

4.91  ±  0.07 

Plot  3 

4. '84 

4.89 

4.70,4.77,4.84,4.90 

Plot  5 

4.75 

4.57,4.69 

Plot  6 

4.78 

4.73,4.75 

Tomato  T2P5,  15th  leaf,  8—1—41 

3 !  is 

3.27 

3.20 

Apple,  York  B,  D2,  7-7-43 

1.32“  .. 

1.44 

Apple,  York  B,  D2,  6-18-43 

1.84“ 

1.80 

Apple,  York  B,  D2,  8-18—43 

1.18“ 

1.32 

“  Volumetric  cobaltinitrite  procedure  of  Volk  and  Truog  (38). 

For  plots  1  and  2  the  average  of  six  replicates  is  given.  The  average  de¬ 
viation  is  approximately  2%  of  the  total. 

Six  replicates  of  pure  potassium  chloride  containing  0.3  mg.  were  ana¬ 
lyzed,  giving  0.3  =*=  0.0016  mg.  of  K2O;  the  average  deviation  was  0.53% 
of  the  total. 


Attempts  to  carry  out  the  determination  in  porcelain  evaporat¬ 
ing  dishes,  followed  by  rinsing  into  crucibles  or  in  porcelain 
crucibles  directly,  gave  low  results  in  all  cases.  It  was  difficult 
to  drive  off  all  the  sulfuric  acid  without  causing  local  overheating. 
Even  when  the  crucibles  were  heated  slowly  in  a  muffle  furnace  at 
below  400°  C.,  losses  of  K20  were  considerable.  This  loss  was 
probably  due  to  reaction  between  potassium  and  the  porcelain 
glaze. 

With  Vycor  crucibles  in  three  recovery  experiments,  0.2  mg.  of 
K20  added  to  5-ml.  aliquots  of  plot  2  gave  98,  101,  and  98%  re¬ 
coveries. 

It  has  been  said  that  the  ammonium  ion  also  forms  a  precipi¬ 
tate  with  lithium  dipicrylaminate  (15).  To  0.2  mg.  of  K20, 
ammonium  chloride  was  added  to  correspond  with  4%  nitrogen 
in  the  leaf.  The  amount  of  K20  found  was  0.49  mg.,  which  fact 
emphasizes  the  necessity  of  removing  ammonium  ions  in  the 
procedure. 

Information  was  desired  as  to  the  amount  of  interference  to  be 
expected  from  the  calcium,  magnesium,  and  sodium  in  the  leaf. 

A  solution  was  made  up  such  that  1  ml.  when  added  to  the 
standard  K20  samples  used  in  making  the  standard  curve  would 
provide  amounts  of  material  corresponding  to  1%  of  Na20,  3.5% 
of  CaO,  and  0.75%  of  MgO.  The  calcium  was  in  the  form  of 
CaH4(P04)2 . 2H20,  which  provided  phosphorus  as  well.  Samples 
containing  0.1,  0.2,  and  0.5  mg.  of  K20  (corresponding  to  1,  2, 


and  5%  of  K20  in  the  leaf  if  one  were  using  a  10-ml.  aliquot  of  the 
Lindner  and  Harley  solution)  showed  no  appreciable  differences 
between  those  having  and  those  not  having  added  salts. 

The  standard  curve  changes  somewhat  from  day  to  day,  so 
that  it  is  essential  to  run  two  standards  along  with  the  samples 
being  analyzed.  The  graph  is  almost,  but  not  quite,  perfectly 
straight  between  0.1  and  0.6  mg.  of  K20,  within  which  range  came 
all  the  leaves  examined.  For  samples  having  less  than  1%  K20 
one  can  use  either  a  larger  aliquot,  say  15  or  20  ml.,  or  make  up  a 
more  dilute  reagent  than  the  0.6%  specified  by  Amdur.  Samples 
ranging  between  1  and  2%  K20  were  analyzed  satisfactorily 
by  the  present  method,  as  shown  by  Table  III. 

The  dipicrylamine  micromethod  for  potash  determination  in 
leaf  material  takes  more  time  for  a  determination  than  does  the 
turbidimetric  cobaltinitrite  procedure.  The  relatively  high  preci¬ 
sion  obtained  with  it,  however,  warrants  its  serious  consideration 
in  a  procedure  for  reasonably  rapid  microanalysis  of  leaf  material. 
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A  simple  procedure  is  described  for  determination  of  the  vapor  pres¬ 
sure  of  one  drop  of  pure  liquid.  Reproducibility  within  0.5  mm.  of 
mercury  can  be  obtained  easily.  The  apparatus  may  be  assembled 
from  equipment  normally  found  in  the  laboratory. 

FOR  the  identification  of  pure  organic  com¬ 
pounds,  a  knowledge  of  the  vapor  pressure 
at  two  different  temperatures  is  of  great  value. 
This  information  readily  yields  the  molecular 
heat  of  vaporization,  from  the  well-known 
Clausius-Clapeyron  equation,  which  is  an 
intimate  characteristic  of  the  compound  under 
examination. 

That  vapor  pressure  is  not  commonly  de¬ 
termined  in  the  identification  of  pure  organic 
liquids  or  low-melting  solids  demonstrates 
the  inadequacy  of  existing  procedures,  which 
either  require  too  large  a  sample  for  a  deter- 
'  mination  or  are  too  elaborate  for  rapid  deter¬ 
mination  of  a  large  number  of  samples.  The 
isoteniscope  (4,  5,  18)  requires  at  least  5  to 
10  ml.  of  material.  The  static  methods,  which 
measure  the  lowering  of  a  column  of  mercury 
when  a  drop  of  liquid  is  allowed  to  flow  to  the  surface  of  the 
mercury  in  a  barometric  tube,  require  that  the  tube  and  mer¬ 
cury  be  cleaned  after  each  determination.  Other  procedures, 
which  have  been  reported  for  small  quantities  of  materials,  re¬ 
quire  elaborate  apparatus  {2,  6,  7,  12-15). 

The  authors  have  devised  a  simple  apparatus  for  determining 
the  vapor  pressure  of  one  drop  of  liquid.  This  apparatus  can  be 
assembled  from  materials  readily  available  in  the  laboratory. 
The  procedure  is  simple  and  requires  little  skill  to  attain  re¬ 
producibility  within  0.5  mm.  of  mercury  pressure.  In  its  present 
form,  this  device  is  useful  for  the  determination  of  the  vapor  pres¬ 
sure  of  pure  liquids  or  pure  low-melting  solids  only. 

In  a  surface  tension  device  previously  reported  {16)  two  capil¬ 
laries  of  different  bores  were  joined  together.  About  0.1  ml.  of 
liquid  or  less  was  suspended  in  the  capillary,  as  shown  in  Figure 
1,  B.  It  was  observed  subsequently  that  if  the  pressure  was 
simultaneously  reduced  at  both  ends  of  the  tube,  the  liquid 
dropped  out  of  the  tube  when  the  pressure  had  dropped  to  the 
vapor  pressure  of  the  liquid  suspended.  It  was  decided  that  this 
might  serve  as  a  means  for  the  determination  of  vapor  pressure. 

In  order  to  simplify  the  setup,  and  to  be  able  to  make  several 
readings  on  the  same  sample,  an  ordinary  capillary  was  used. 
Figure  1 ,  A,  shows  a  drop  of  liquid  placed  on  the  bottom  of  a 
capillary  by  merely  dipping  the  capillary  into  the  desired  liquid. 
A  portion  of  the  liquid  runs  up  the  capillary,  owing  to  capillary 
forces.  The  pressure  is  reduced  at  the  top  and  bottom  by  sus¬ 
pending  the  capillary  from  a  thermometer  and  inserting  this  into 
a  large  test  tube,  as  shown  in  Figure  2.  'When  the  pressure  is 
reduced  the  meniscus  in  the  capillary  will  descend  rapidly  as  soon 
as  its  vapor  pressure  is  reached.  This  dropping  appears  to  be 
due  to  the  different  rates  at  which  the  vapor  above  the  two  sur¬ 
faces  of  the  liquid  moves.  At  the  bottom  of  the  capillary  where 
the  drop  hangs,  there  is  no  hindrance  to  the  removal  of  the  vapor. 
Inside  the  capillary,  on  the  upper  surface,  the  removal  of  the 
vapor  is  limited  by  the  size  of  orifice.  As  a  result,  a  vapor  lock 
occurs,  in  which  the  rising  pressure  forces  the  liquid  down  the 
capillary.  In  support  of  this  theory,  this  phenomenon  is  not  ob¬ 


Table  I.  Vapor  Pressure  Readings 


Substance0 

First 

Reading 

Second 

Reading 

Third 

Reading 

Reported6 

Ref¬ 

erence 

Acetone 

239.5 

239.5 

239.5 

239 . 9 

17 

Benzene 

99.5 

99.5 

99.5 

99.8 

S 

Ethyl  alcohol 

61.5 

62.0 

62.0 

62.5 

a 

Toluene 

28.5 

28.5 

28.5 

28.9 

l 

Water 

25.5 

25.5 

25.5 

25.209 

10 

Acetic  acid 

17.0 

17.0 

17.0 

16.2 

n 

Carbon  tetrachloride 

120.0 

120.0 

120.0 

121.5 

9 

°  All  readings  at  26°  C.,  on  three  different  drops 

6  Values  interpolated  for  26°  C. 

served  at  all  or  becomes  less  pronounced  when  capillaries  of  more 
than  0.3-mm.  diameter  are  used. 

Since  an  insignificant  amount  of  evaporation  takes  place  in  the 
capillary,  there  is  no  significant  temperature  drop  before  the 
liquid  moves  down  the  capillary.  After  the  reading  has  been 
taken  and  the  pressure  is  returned  to  normal,  the  liquid  will  again 
move  up  the  capillary  and  the  experiment  can  be  repeated.  The 
second  reading  must  not  be  taken  within  less  than  5  minutes  of 
the  first  reading,  for  in  dropping,  the  liquid  in  the  capillary  meets 
the  cooled  drop  at  the  bottom.  The  second  reading  would  be  the 
vapor  pressure  at  the  lower  temperature,  unless  sufficient  time 
were  allowed  for  the  liquid  in  the  capillary  to  return  to  its  original 
temperature. 

The  lower  temperature  of  the  drop  at  the  bottom  has  no  effect 
on  the  reading,  because  of  the  poor  conduction  up  the  length  of 
the  glass  tubing  in  which  the  upper  surface  is  contained.  Even 
though  the  drop  at  the  bottom  cools,  because  of  evaporation,  the 
upper  meniscus  will  drop  when  the  pressure  is  lowered  to  the 
vapor  pressure  of  the  upper  surface.  It  is  an  advantage  that  the 
lower  drop  cools,  for  less  evaporation  takes  place  and  the  drop 
never  starts  to  boil.  In  this  manner  usually  two  to  three  repro¬ 
ducible  readings  may  be  taken  on  one  drop  of  liquid.  A  few 
representative  results  are  tabulated  in  Table  I. 


PROCEDURE 

A  capillary  tube  is  selected,  with  an  internal  diameter  of  ap¬ 
proximately  0.15  mm.  and  approximately  12  cm.  long.  The  wall 


Figure  2.  Diagram  of  Apparatus 
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E. 
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B. 

Thermometer 
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D. 
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H. 
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J. 

Sliding  scale 

Figure  1 .  Cap¬ 
illary 
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thickness  is  not  important.  A  tube  of  this  type,  preferably  ob¬ 
tained  from  a  broken  thermometer,  has  the  advantage  of  having 
reference  lines  conveniently  etched,  so  that  the  motion  of  the 
liquid  down  the  tube  can  be  observed.  The  tube  is  cleaned  by 
drawing  cleaning  solution  through  with  the  aid  of  water  suction, 
followed  by  distilled  water.  The  tube  is  dried  by  aspirating  filtered 
air  through  the  tube.  The  cleaned  dried  tube  is  then  dipped  into 
the  unknown  liquid,  allowing  a  drop  to  hang  from  the  bottom  of 
the  capillary.  If  this  hanging  drop  is  allowed  to  fall  or  be 
brushed  off,  no  result  will  be  obtained,  for  then  one  has  a  narrow 
orifice  at  both  ends.  The  liquid  rises  in  the  tube.  If  the  tube  is 
tilted,  the  liquid  in  the  tube  moves  up  and  down  freely,  an  indica¬ 
tion  of  the  cleanliness  of  the  tube.  The  tube  is  attached  by  a 
rubber  band  to  the  thermometer,  so  that  the  upper  surface  of  the 
liquid  in  the  capillary  is  level  with  the  bulb  of  the  thermometer. 
The  apparatus  is  assembled  as  seen  in  Figure  2. 

For  reading  at  room  temperature,  the  apparatus  may  be  used 
as  shown  in  Figure  2.  For  readings  at  definite  temperatures,  a 
constant-temperature  bath  of  a  tail-form  beaker  type  surrounds 
the  test  tube.  With  a  constant-temperature  oil  bath,  at  higher 
temperatures,  the  vapor  pressure  of  low-melting  solids  may  be 
determined.  The  vacuum  pump  is  turned  on,  stopcock  G  is 
closed.  One  hand  is  placed  on  stopcock  E,  the  top  surface  of  the 
liquid  in  the  capillary  is  carefully  watched,  and  at  the  first  sign  of 
dropping,  E  is  turned  so  that  the  gage  is  isolated  from  the  sys¬ 


tem.  The  gage  is  read  at  leisure.  The  gage  was  specially 
prepared  so  that  pressures  up  to  450  mm.  could  be  read  within 
0.5  mm.  Ordinary  commercial  types  will  read  only  lower 
pressures. 
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A  Selective  Spot  Test  for  Copper 

PHILIP  W.  WEST 

Coates  Chemical  Laboratories,  Louisiana  State  University,  Baton  Rouge,  La. 


A  test  for  copper  has  been  developed  based  on  the  reaction  be¬ 
tween  copper  and  dithiooxamide.  By  utilizing  malonic  acid  and 
ethylenediamine  to  sequester  interfering  ions,  all  important  inter¬ 
ferences  with  this  familiar  reaction  have  been  inhibited.  The  test  is 
capable  of  detecting  0.3  microgram  of  copper  at  a  limiting  concentra¬ 
tion  of  1  to  100,000.  No  prior  separations  are  necessary. 

A  GREAT  many  sensitive  tests  are  to  be  found  for  the  de¬ 
tection  of  copper.  Of  particular  significance  is  the  fact  that 
copper  readily  forms  complexes  and  therefore  reacts  with  a  large 
number  of  organic  reagents,  especially  those  where  inner-com¬ 
plex  salts  are  formed.  Among  the  better  reagents  that  have  been 
proposed  for  use  in  the  detection  or  determination  of  copper  is 
■dithiooxamide  (rubeanic  acid).  This  reagent  was  introduced  by 
R&y  and  Ray  (8),  and  later  studied  by  a  number  of  other  in¬ 
vestigators  {1,2,  J+-7,  9,  11).  Feigl  (3)  reports  a  limit  of  identi¬ 
fication  of  0.006  microgram  of  copper  at  a  limiting  concentration 
of  1  part  in  2,500,000  for  this  reagent. 

In  spite  of  its  great  sensitivity,  dithiooxamide  has  not  been 
generally  applicable  for  the  spot  test  detection  of  copper  because 
of  its  reactions  with  other  metals  generally  associated  with  cop¬ 
per,  the  most  generally  known  being  iron,  nickel,  and  cobalt. 
Various  means  have  been  proposed  for  eliminating  such  inter¬ 
ferences  with  the  copper  reaction.  Willard  and  Diehl  {11)  were 
successful  in  preventing  interferences  due  to  iron  by  using  citric 
acid.  Feigl  (3)  suggests  using  capillary  phenomena  as  a  means  of 
separation,  so  as  to  permit  the  distinguishing  of  the  copper  test 
stain  when  nickel  or  cobalt  is  present.  The  present  article 
■describes  a  method  of  eliminating  interferences  which  is  so 
generally  applicable  that  it  permits  the  direct  identification  of 
•copper,  even  when  it  is  present  in  mixtures  with  iron,  nickel, 
■cobalt,  silver,  mercury,  etc. 

EXPERIMENTAL 

A  preliminary  investigation  was  made  of  the  copper-dithio- 
oxamide  reaction  to  determine  the  type  and  extent  of  interfer¬ 
ences.  Interference  studies  were  made  according  to  the  general 
procedure  described  by  West  {10)  and  included  the  following  ions 
(although  it  is  realized  that  many  of  the  ions  exist  as  complexes, 


only  the  central  atom  and  its  valence  are  indicated  in  most  cases) : 
Li+,  Na+,  K+  Cu  +  +,  Rb+,  Ag+,  Cs+,  Au+++,  Be++,  Mg  +  +, 
Ca++,  Zn  +  +,  Sr++,  Cd++,  Ba++,  Hg+,  Hg++,  B03-,  B407  — , 
A1  +  +  +,  Sc  +  +  +,  Ga+++,  Y  +  +  +,  In  +++,  La  +++,  Ce+++,  T1+, 
C03  ,  Si03  ,  Ti+++,  Zn  +  +++,  Sn  +  +,  Sn  +  +++,  Pb  +  +,  Th  ++++, 

nh4+,  no2-,  no3-  hpo4— ,  P4013 - ,  P6018 - , 

PO-r,  P207 - ,  V03-,  HAsO-r- ,  HAs04— ,  Sb+++,  Sb+++++, 

S203 — ,  S03 — ,  S04 — ,  Cr+++  Cr207— ,  Se03~,  Se04— , 
Mo04— ,  Te03— ,  Te04— ,  W04— ,  U02  +  +,  U04— ,  F“  CD, 
C103-,  C104-,  Mn++,  Mn04~,  Br~,  Br03-,  I“,  10,"  Re04~, 
Fe  +  +,  Fe+++,  Co++,  Co+++,  Ni++,  Ru+++,  Rh+++,  Pd++, 
Os  +++++  +  +  +  Ir++++,  Pt++++  CN-  Fe(CN)6  , 

Fe(CN)6  ,  CNS-,  acetate,  oxalate,  malonate,  tartrate, 
citrate,  lactate,  adipate,  succinate,  phthalate,  gluconate,  pyridine, 
and  aniline. 

These  preliminary  observations  disclosed  that  without  special 
conditioning  of  the  test  drops,  the  following  ions  gave  colored 
stains  with  dithiooxamide:  copper,  very  dark  green;  cobalt, 
brown  to  greenish  brown;  nickel,  violet;  ferric,  faint  orange; 
silver,  yellow  turning  to  greenish  black;  bismuth,  tan;  mercur¬ 
ous,  brown  turning  to  black;  palladium,  brown;  platinum,  rose. 
The  use  of  capillary  separations  was  considered  to  be  unsatis¬ 
factory  where  so  many  possible  interferences  exist,  and  the  use  of 
ordinary  separations  based  on  precipitation  and  filtration  de¬ 
tracts  from  the  elegance  of  spot  tests.  Attention  was  directed, 
therefore,  toward  the  application  of  complex  ion  formation  as  a 
means  of  sequestering  interfering  ions. 

After  investigation  of  the  more  common  complex  formers 
failed  to  disclose  any  which  could  be  considered  satisfactory, 
efforts  were  directed  toward  the  disclosing  of  new  complexes, 
particularly  of  the  inner-complex  salt  type.  Malonic  acid  was 
found  to  form  such  complexes,  and  of  special  interest  was  the 
fact  that  the  copper  complex  was  relatively  unstable  as  compared 
to  the  complexes  of  most  interfering  metals.  A  test  procedure 
was  then  devised  which  consisted  of  adding  malonic  acid  to  a 
drop  of  the  solution  to  be  tested,  then  adding  the  reagent. 
This  procedure  proved  very  satisfactory  in  preventing  such  inter¬ 
ferences  as  those  due  to  iron,  cobalt,  and  nickel.  However,  silver 
remained  as  a  definite  and  important  interference  until  the  pro¬ 
cedure  was  further  modified  to  include  the  adding  of  a  drop  of 
ethylenediamine. 
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RECOMMENDED  TEST  PROCEDURE 

Place  a  drop  of  malonic  acid  (20%  aqueous  solution)  on  a 
piece  of  spot  test  paper,  then  add  a  drop  of  the  solution  to  be 
tested.  Next,  add  a  drop  of  ethylenediamine  (10%  aqueous 
solution)  followed  by  a  drop  of  the  reagent  (1%  dithiooxamide 
in  95%  ethyl  alcohol).  If  copper  is  present,  a  green  stain  is  ob¬ 
tained. 

REMARKS 

A  study  of  possible  interfering  effects  due  to  the  presence  of 
other  ions  was  made.  One  per  cent  solutions  of  the  various  sub¬ 
stances  listed  above  were  subjected  to  the  test  procedure;  no 
positive  interferences  were  found.  Mixtures  consisting  of  one 
drop  of  0.005%  copper  solution  and  one  drop  of  1.0%  solutions 
of  substances  to  be  studied  for  interfering  effects  were  next  tested. 
Thiosulfate  was  found  to  give  a  negative  interference.  Auric 
gold  inhibited  the  formation  of  the  copper  test,  but  to  a  lesser 
extent. 

The  only  other  effects  noted  were  the  formation  of  yellow  flecks 
when  silver  was  present,  the  development  of  brown  stains  in  the 
presence  of  bromate  and  iodate,  and  the  formation  of  rust  and 
rose  colored  stains  in  the  presence  of  palladium  and  platinum, 
respectively.  The  yellow  flecks  due  to  silver  do  not  interfere 
significantly  but  those  due  to  bromate,  iodate,  palladium,  and 
platinum  do  when  present  in  considerable  excess  over  the  con¬ 
centration  of  copper  present.  An  important  consideration  is  the 
fact  that  copper  is  easily  detected  in  the  presence  of  such  highly 
colored  ions  as  iridium  and  permanganate,  since  the  interfering 
colors  diffuse  from  the  test  zone. 

The  limit  of  identification  of  the  test  is  0.3  microgram  at  a 


limiting  concentration  of  1  to  100,000.  These  values  are  for 
0.3-ml.  drops  diffusing  freely  into  S.  and  S.  spot  test  paper  No. 
601.  Greater  sensitivity  can  be  obtained  using  confined  spots  or 
Nessler  tubes. 

The  pH  of  the  solution  to  be  tested  should  be  below  7  in  order 
to  prevent  possible  interferences.  If  the  pH  falls  below  a  value  of 
3,  the  test  becomes  less  sensitive. 

Dithiooxamide,  ethylenediamine,  and  malonic  acid  all  give  solu¬ 
tions  which  are  stable  for  indefinite  lengths  of  time.  The  solu¬ 
tions  required  for  the  test  have  been  used  with  excellent  results 
in  these  laboratories  after  having  been  prepared  for  over  a  year. 
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Oil-Sealed  Spherical  Joints  for  High-Vacuum  Application 

CLARK  E.  THORP  and  H.  L.  LANDAY,  Armour  Research  Foundation,  Chicago  16,  III. 


EXPANDING  requirements  for  electron  chemistry  research 
at  Armour  Research  Foundation  have  necessitated  the 
construction  of  a  large,  highly  kinetic  vacuum  system  capable  of 
providing  two  laboratories  with  vacuum  facilities  in  the  range 
of  10 ~6  to  10 mm.  of  mercury  pressure. 

Previous  experience  has  shown  that  ordinary  unsealed,  com¬ 
mercially  ground  glass  joints  are  unsuitable  at  pressures  below 
L0-4  mm.  of  mercury.  By  carefully  regrinding  the  joints  by 
hand,  it  is  possible  to  use  ordinary  unsealed  joints  and  attain 
pressures  as  low  as  10-6  mm.  Mercury-sealed  joints  are  pro¬ 
vided  by  many  companies  for  pressure  and  vacuum  applications, 
but  have  been  found  unsuitable  for  a  pressure  of  less  than  10 _6 
mm.  This  is  to  be  expected  when  consideration  is  given  to  the 
fact  that  mercury  has  a  vapor  pressure  of  1.2  X  10“3  mm.  at 
20  °  C.  Substitution  of  a  low  vapor  pressure  oil  such  as  Apiezon  oil 
(vapor  pressure  10  “8  at  20°  C.)  for  the  mercury  will  allow  pres¬ 
sures  as  low  as  10-8  mm.  to  be  obtained  with  the  same  type  of 
joint. 

In  large  all-glass  systems,  provision  must  be  made  to  prevent 
rigidity  and  allow  for  expansion  and  contraction  of  the  glass 
plus  ordinary  vibration  and  the  stresses  set  up  by  manipula¬ 
tion  of  large  stopcocks  on  the  system.  Spherical  joints  provide 
a  movement  of  greater  than  10°  in  any  direction  and  are  the  ob¬ 
vious  solution  to  the  problem.  For  vacuum  systems  designed  to 
operate  at  less  than  10 ~6  mm.  of  mercury  pressure,  however,  the 
spherical  joint  must  be  provided  with  an  oil  seal.  It  is  surprising 


that  at  present  no  company  manufactures  a  spherical  joint 
equipped  with  an  oil  or  mercury  seal.  The  construction  of  such  a 
joint  may  be  accomplished,  however,  by  ordinary  glassblowing 
technique.  The  following  description  illustrates  method  used 
at  Armour  Research  Foundation  to  construct  an  oil-sealed  spheri¬ 
cal  joint  from  an  ordinary  commercial  35/20  spherical  joint. 

A  short  length  of  75-mm.  Pyrex  tubing  is  drawn  to  a  point  at 
one  end,  the  point  is  flattened,  and  a  thin-walled  bulb  is  blown  in 
the  center  of  the  flat.  The  bulb  is  broken  and  the  hole  enlarged  to 
diameter  of  28  mm.  The  tube  is  cut  to  correct  length,  22  mm. 


Figure  1.  Dimensions  and  Constructional  Details  of  Oil-Sealed 

Male  Joint 
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A  35/20  male  spherical  joint  is  heated  10  mm.  from  the  ground 
■edge  and  a  ridge  formed  which  will  equal  the  28-mm.  hole  in  the 
large  tube.  The  male  joint  is  then  inserted  into  the  large  tube 
and  the  two  pieces  are  fused  together. 

The  oil-retaining  cup  is  placed  on  the  male  joint  rather  than 
on  the  female  joint  to  allow  disassembling  without  the  necessity 
of  removing  the  oil. 


Fisure  2  (Left  and  Above).  Component  Parts 
and  Completed  Oil-Sealed  Spherical  Joint 


Dimensions  and  constructional  details  are  shown  in  Figure  1, 
and  the  component  parts  and  the  completed  assembled  joints 
are  shown  in  Figure  2.  Any  size  of  joint  may  be  used  if  propor¬ 
tionate  changes  in  dimensions  are  made. 

Using  Apiezon  oil  J  for  the  oil  seal  and  Cenco  grease  No. 
15,521A  as  lubricant  on  the  ground-glass  surfaces,  six  of  these  oil- 
sealed  spherical  joints  are  being  used  satisfactorily  to  obtain  10_: 
mm.  of  mercury  pressure  in  the  large  high-vacuum  system  at 
Armour  Research  Foundation. 


IT  IS  frequently  necessary  to  manipulate  pure  gases  under  con 
ditions  where  glass  stopcocks  cannot  be  used.  One  such  in 
stance  is  the  transfer  of  pure  gas  from  a  small 
pressure  container  to  a  vacuum  system  where 
leakage  cannot  be  tolerated.  Ordinary  packed 
valves  of  the  Hoke  type  are  not  suitable  for 
this  service  because  of  contamination  resulting 
from  the  packing  as  well  as  leakage  under 
vacuum.  Furthermore,  packless  valves  avail¬ 
able  at  present  on  the  market  are  much  too 
bulky  to  be  fitted  to  the  small  pressure  con¬ 
tainers  it  is  frequently  desirable  to  use.  Con¬ 
sequently  a  small  packless  valve  which  is  readily 
fabricated  in  any  machine  shop  was  devised. 

The  body  of  the  valve  is  a  '/s-inch  brass 
Hoke  body  with  the  internal  stem  threads 
drilled  out  to  take  a  6/i6-inch  copper  bellows. 

The  bellows  is  soldered  to  the  lower  portion  of 
the  stem  and  to  the  upper  portion  of  the  body, 
providing  a  vacuum-  and  pressure-tight  seal  of 
both  sides  of  the  valve.  The  diameter  of  the 
flange  on  the  needle  is  fixed  by  the  size  of 
the  collar  on  the  bellows  into  which  the  flange 
fits  snugly  before  soldering.  No  difficulty  with 
seating  of  the  needle  has  been  experienced, 
and  because  of  the  small  movement  of  the 
needle  relative  to  the  seat,  no  appreciable  wear 
due  to  rubbing  of  the  bellows  on  the  side  walls 
is  to  be  expected  nor  has  any  been  found. 

The  diagram  shows  the  constructional  details. 

This  valve  has  already  been  used  for  the  service 
described  and  has  proved  completely  satisfac¬ 
tory. 
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Determination  of  the  Saturation  Water  Content  of  Protein  Plastics 

EDWARD  F.  MELLON 

Eastern  Regional  Research  Laboratory,  Philadelphia,  Pa. 


FOR  the  correlation  of  chemical  modification  of  proteins  with 
changes  in  water  absorption  which  they  produce  in  the 
molded  plastics  the  author  has  found  it  desirable  to  use  the  maxi¬ 
mum  water  content  of  the  plastic  rather  than  water  absorption 
values  in  which  the  rate  of  penetration  is  also  a  factor.  A  rela¬ 
tively  short-time  method  has  been  developed  which  will  deter¬ 
mine  the  extent  of  water  absorption  of  experimental  protein 
plastics  on  immersion. 


Figure  1.  Water  Uptake  of  Plastic  Disks 

The  A.S.T.M.  standard  test  for  water  absorption  of  plastics  (1 ) 
is  a  “procedure  for  determining  the  relative  rate  of  absorption 
of  water  by  plastics  when  immersed”.  It  was  clearly  shown  in 
the  work  upon  which  the  method  is  based  ( 2 )  that  the  initial  rate 
of  absorption  by  different  plastics  is  not  necessarily  correlated 
with  the  final  equilibrium  water  absorption.  For  plastics  of 
high  water  absorption,  such  as  protein  plastics,  the  A.S.T.M. 
method  is  especially  limited,  since  the  24-hour  initial  conditioning 
at  50°  C.  does  not  bring  the  specimens  to  dryness  or  to  any 
definite  moisture  content. 

As  in  the  previous  work  ( 2 ),  preliminary  experiments  showed 
that  the  A.S.T.M.  standard  disk,  0.125  inch  (3.2  mm.)  thick 
and  2  inches  (5.08  cm.)  in  diameter,  did  not  reach  saturation 
in  several  weeks.  At  the  suggestion  of  R.  W.  Jackson,  experi¬ 
ments  were  made  with  disks  Vi6  inch  thick  in  the  hope  that  the 
water  uptake  of  the  thinner  disks  would  reach  saturation  in  a 
reasonable  time.  The  thinner  disks  approached  equilibrium 
much  more  rapidly  than  the  standard  disks,  both  on  immersion 
and  drying  (Figure  1).  The  final  approach  to  saturation  and 
to  dryness  was  essentially  asymptotic.  It  was  possible,  however, 
to  establish  limits  for  the  change  in  weight  in  24  hours  during 
sorption  and  drying,  below  which  the  disks  could  be  considered 
to  have  reached  an  approximate  saturated  and  dry  weight. 
The  author  was  thus  able  to  obtain  an  “approximate  saturation 


moisture  content”  in  a  reasonable  time.  Numerous  experiments 
showed  that  for  hot-molded  protein  plastics  this  value  was 
between  95  and  100%  of  the  saturation  water  content  obtained 
after  prolonged  immersion  and  drying.  Some  samples  of  com¬ 
mercial  casein  plastics,  which  had  been  hardened  with  formalde¬ 
hyde  after  extrusion,  did  not  approach  equilibrium  in  asymptotic 
fashion.  In  such  cases,  the  approximate  saturation  moisture 
content  determined  by  this  procedure  is  an  arbitrary  value,  since 
the  saturation  water  content  is  uncertain. 

PROCEDURE 

Preparation  of  Specimens.  Disks  2  inches  (5.08  cm.)  in 
diameter  and  1/i6  inch  (1.6  ±  0.2  mm.)  thick  are  used.  They 
may  be  either  compression-molded  to  the  exact  size  or  machined 
from  bars  or  sheets  of  the  finished  plastic.  If  the  bars  or  sheets 
are  too  narrow  to  be  cut  into  2-inch  (5.08-cm.)  disks,  narrow 
strips  may  be  used  if  they  are  1.6  =*=  0.2  mm.  thick  and  their 
area  is  about  that  of  the  circular  disk. 

Immersion.  The  specimens  are  weighed  only  to  the  nearest 
milligram  and  placed  in  glass  or  wire  racks  in  a  container  of 
distilled  water,  which  is  kept  in  a  water  bath  maintained  at 
25°  ±  0.5°  C.  They  must  be  completely  immersed,  supported 
vertically,  and  separated  from  each  other.  At  24-hour  intervals 
the  specimens  are  removed,  dried  with  a  dry  cloth,  weighed 
rapidly  only  to  the  nearest  milligram,  and  immediately  returned 
to  the  water.  (The  loss  by  evaporation  is  5.0  to  8.0  mg.  per 
minute;  consequently  the  weighings  should  preferably  be  made 
within  15  to  30  seconds.)  When  the  gain  in  weight  in  a  24-hour 
period  is  less  than  20  mg.,  or  less  than  10%  of  the  gain  in  weight 
in  the  first  24  hours  if  the  first  24-hour  gain  is  less  than  200  mg., 
the  specimens  are  removed  from  the  water  and  dried. 

Drying.  To  prevent  disintegration  by  rapid  expansion  of 
entrapped  moisture  when  dried  at  105°  C.,  the  specimens  are 
first  partly  dried  by  heating  for  24  hours  at  50°  C.  in  a  con¬ 
vection  oven.  They  are  removed  from  the  50°  C.  oven,  weighed, 
and  then  heated  at  105°  C.  If  they  are  weighed  15  minutes 
after  removal  from  the  oven  it  is  not  necessary  to  cool  them  in 
a  desiccator.  Drying  at  105°  C.  is  continued  until  weighings 
made  at  24-hour  intervals  show  a  loss  of  less  than  20  mg.,  or 
less  than  10%  of  the  loss  in  weight  during  the  first  24  hours  of 
drying  at  105°  C.  if  this  first  24-hour  loss  is  less  than  200  mg. 

Calculation. 

Approximate  saturation  moisture  content  = 

wet  weight  —  dry  weight  (105°  C.) 

- —  X  100 

wet  weight 

The  procedure  has  been  in  routine  use  in  this  laboratory  for  a 
year  and  a  half.  For  most  of  the  samples,  the  over-all  time  re¬ 
quired  for  determination  of  the  approximate  saturation  moisture 
content  has  been  only  6  days.  Making  all  measurements  at 
24-hour  intervals  effects  an  appreciable  saving  in  the  time  of  the 
operator,  who  can  conveniently  carry  on  other  determinations 
concurrently.  The  procedure  is  applicable  to  protein  plastics 
containing  plasticizers  except  when  the  plasticizer  is  water- 
soluble.  In  these  cases  interpretation  of  the  data  in  terms  of 
the  original  plastic  is  difficult,  but  this  is  also  true  with  the 
A.S.T.M.  method. 

Limited  tests  indicated  that  the  method  would  be  satisfactory 
for  the  experimental  determination  of  saturation  water  content 
of  cellulose  acetate,  urea-formaldehyde,  and  melamine-formalde¬ 
hyde  plastics.  Phenolic  resins  and  ethylcellulose,  however,  ap¬ 
proach  saturation  slowly,  and  the  thickness  of  the  disk  does  not 
appear  to  be  a  major  factor. 
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Arsentimetric  Estimation  of  High-Molecular  Quaternary  Ammonium  Halides 

ADRIEN  S.  DUBOIS,  Onyx  Oil  and  Chemical  Company,  Jersey  City  2,  N.  J. 


SEVERAL  procedures  have  been  proposed  for  the  estimation 
of  high-molecular  quaternary  ammonium  derivatives,  rely¬ 
ing  upon  the  fact  that  they  ionize  to  yield  high-molecular  cations 
which  can  react  with  anions  to  form  insoluble  compounds. 
Among  these  methods  are  those  of  Hartley  and  Runnicles  (?), 
Flotow  (5),  Auerbach  (2),  DuBois  (4),  and  Hager  et  al.  (6);  they 
are  mostly  applicable  to  dilute  solutions. 

For  a  long  time  the  determination  of  halides  by  titration  with 
silver  nitrate  has  enjoyed  great  favor  in  inorganic  as  well  as 
organic  chemistry.  The  Mohr  method,  using  potassium  chromate 
as  indicator,  is  based  on  the  formation  of  red  silver  chromate 
after  all  the  halide  ions  present  are  used  up  by  the  silver.  In  the 
presence  of  high-molecular  quaternary  ammonium  compounds, 
there  is  a  tendency  for  the  red  precipitate  as  well  as  the  silver 
chloride  to  be  dispersed  in  the  solution,  so  that  the  end  point  is 
obscured  by  the  gradual  change  in  color.  Filtration  of  the  pre¬ 
cipitated  silver  chloride  before  the  end  point  is  reached,  helps  to 
a  certain  extent,  but  the  results  are  still  not  accurate. 

In  the  Volhard  titration,  an  excess  of  silver  nitrate  is  added  to 
the  halide  and  the  excess  is  back-titrated  with  standard  potas¬ 
sium  thiocyanate,  a  ferric  salt  being  used  as  indicator.  This 
method  has  been  recommended  for  use  with  high-molecular 
quaternary  ammonium  compounds  ( 1 ). 

Argentimetric  titrations  using  adsorption  indicators  (Fajans’ 
method)  have  been  very  widely  used  with  inorganic  halides,  and 
since  the  end  point  in  these  titrations  is  due  to  adsorption  of  the 
indicator  ions  on  the  precipitate,  they  should  be  suitable  for  use 
with  high-molecular  quaternary  ammonium  halides. 

EXPERIMENTAL 

The  standard  procedures  (8)  were  followed  in  most  of  the  ti¬ 
trations  reported  below.  With  Fajans’  method,  a  modified  pro¬ 
cedure  developed  by  Borowsky  (8)  was  used,  which  consists  of 
diluting  the  samples  in  25  to  50%  aqueous  isopropyl  alcohol. 
This  led  to  more  easily  detectable  end  points.  The  samples  used 
contained  about  0.4  gram  of  anhydrous  material,  and  the  silver 
nitrate  was  0.0985  N. 

Two  pure  quaternary  ammonium  halides  were  used  to  deter¬ 
mine  the  accuracy  of  the  various  methods:  p-diisobutylphenoxy- 
ethoxyethyldimethylbenzylammonium  chloride  monohydrate,  in 
the  form  of  pure  crystals,  generously  supplied  by  P.  G.  Bartlett 
of  Rohm  and  Haas,  Philadelphia;  and  cetyltrimethyl  ammonium 
bromide  (CTAB),  prepared  by  the  reaction  of  pure  cetyldimethyl- 
amine,  boiling  point  160-170'°  at  4  mm.,  with  methyl  bromide  in 
isopropyl  alcohol,  and  recrystallized  twice  from  ethyl  acetate. 

The  other  products  used  in  this  investigation  were  commercial 
10%  aqueous  solutions  of  the  following  halides:  alkyldimethyl- 
benzylammonium  chlorides  (Roccal) ;  substituted  alkyldimethyl- 
benzylammonium  chlorides  (Tetrosan);  and  9-octadecenyldi- 
methylethylammonium  bromide  (Onyxide). 

RESULTS 

The  Kjeldahl  nitrogen  values  for  all  the  materials  used  are 
given  in  Table  I,  and  the  results  of  the  argentimetric  titrations 
with  the  pure  materials  in  Table  II.  Only  the  average  results 
obtained  with  the  commercial  grades  of  high-molecular  quater¬ 
nary  ammonium  halides  are  given  in  Table  III.  These  values  are 
based  on  at  least  8  determinations. 


Table  I.  Nitrogen  Content  of  Quaternary  Ammonium  Halide 


p-Diisobutylphenoxyethoxyethyl- 
dimethylbenzylammonium 
chloride  monohydrate 

% 

2.99 

N  Found 

3.01 

Calcd.  Mol.  Wt. 

466. 1 

CTAB 

3.75 

3.69 

376.  4 

Tetrosan 

0.35 

0.35 

Roccal 

0.39 

0.40 

Onyxide 

0.37 

0.37 

Table  II.  Argentimetric  Titration  of  Pure  Quaternary  Ammonium 

Halides 

Eosin  Dichlorofluorescein  K2Cr04 


% 

Cl 

Mol. 

% 

Cl 

Mol 

[. 

%  Cl 

Mol. 

or 

Br 

wt. 

or 

Br 

wt, 

or  Br 

wt. 

TAB 

21. 

65 

369. 

1 

21. 

26 

376. 

0 

22.05 

362. 

5 

21. 

06 

379. 

4 

21. 

26 

376. 

0 

22.05 

362. 

5 

21. 

06 

379. 

4 

21. 

06 

379. 

4 

22.05 

362. 

5 

21. 

06 

379. 

4 

21. 

26 

376. 

0 

22.05 

362. 

5 

21. 

65 

369. 

1 

21. 

26 

376. 

0 

22.25 

359. 

2 

21. 

.06 

379. 

4 

21. 

.26 

376. 

0 

22.05 

362. 

5 

21. 

06 

379. 

4 

21. 

26 

376. 

0 

22.05 

362. 

5 

21. 

06 

379. 

4 

21. 

26 

376. 

0 

22.25 

359. 

2 

Av. 

21. 

17 

377. 

6 

21. 

23 

376. 

4 

22. 10 

361. 

6 

Av.  deviation 

0. 

.20 

3. 

,5 

0. 

.  05 

0. 

.7 

0.07 

1. 

3 

Diisobutylphenoxy- 

7, 

.  51 

472. 

.4 

7 

.59 

466 

.9 

8.29 

427. 

.  5 

ethoxyethyldimethyl- 

7, 

.  59 

466 

.9 

7 

.  59 

466. 

.9 

8.29 

427. 

,  5 

benzylaramonium 

7 

.  59 

466. 

.9 

7 

.59 

466. 

.9 

8.29 

427. 

.  5 

chloride  monohydrate 

7 

.59 

466. 

.9 

7 

.59 

466. 

.9 

8.22 

431. 

.1 

7 

.  51 

472. 

.4 

7 

.59 

466 

.9 

8.29 

427. 

.  5 

7 

.59 

466. 

.9 

7 

.68 

461 

.5 

8.29 

427. 

.5 

7 

.  59 

466. 

.9 

7. 

.  59 

466 

.9 

8.38 

423 

.1 

7 

.59 

466. 

.9 

7 

.68 

461. 

.5 

8.38 

423 

.1 

Av. 

7 

.  57 

468 

.2 

7 

.62 

465 

.6 

8.31 

426 

.8 

Av.  deviation 

0 

.03 

2 

.0 

0 

.04 

2 

.0 

0.04 

1 

.9 

Table  III.  Argentimetric  Titration  of  Commercial  Quaternary 
Ammonium  Halides 


Per  Cent  Chlorine  or  Bromine 

Eosin 

Dichlorofluorescein 

K2CrO< 

Tetrosan 

0.84 

0.84 

0.79 

Roccal 

1.06 

1.06 

1.09 

Onyxide 

1.97 

1.99 

2.04 

The  author  found,  with  eosin  and  dichlorofluorescein,  that  the 
size  of  the  sample  (0.2  or  0.4  gram)  did  not  lead  to  any  great 
difference  in  the  results,  the  values  differing  by  only  0.3  to  0.5%. 
However,  with  potassium  chromate,  the  sample  size  did  influence 
the  end  results,  and  deviations  amounting  to  3  to  5%  were  ob¬ 
served,  lower  values  for  the  molecular  weights — i.e.,  higher  chlo¬ 
rine  or  bromine  contents — being  obtained  with  the  larger  samples, 

DISCUSSION 

With  the  pure  high-molecular  quaternary  ammonium  halides 
comparison  of  the  values  calculated  for  the  molecular  weights 
from  the  nitrogen  and  the  chlorine  or  bromine  contents  shows  £ 
very  close  agreement  when  eosin  or  dichlorofluorescein  is  used  as 
indicator.  Potassium  chromate  leads  to  molecular  weighi 
values  which  are  much  lower  than  the  true  values— i.e.,  highe: 
percentages  of  chlorine  or  bromine  in  the  compounds  are  indi 
cated. 

The  data  in  Table  III  indicate  that  F ajans’  method  is  applicabh 
to  commercial  high-molecular  quaternary  ammonium  halides 
In  these  cases,  however,  no  attempt  was  made  to  ascertain  th< 
accuracy  of  the  method. 

The  results  presented  above  indicate  that  the  argentimetric  ti 
trations  of  high-molecular  quaternary  ammonium  halides  ari 
more  accurate  w*hen  carried  out  wdth  eosin  or  dichlorofluoresceii 
than  with  potassium  chromate  as  indicators,  and  that  the  tw( 
adsorption  indicators  are  equally  suitable  for  both  chlorides  an( 
bromides. 

The  method  discussed  above  is  recommended  as  a  supple 
mentary  control  of  the  quality  of  high-molecular  quaternary  am 
monium  halides,  as  well  as  for  the  control  of  the  progress  of  the  re 
action  in  their  production  and  of  concentration  in  the  fina 
aqueous  solutions.  Since  there  is  much  to  be  desired  in  the  de 
termination  of  moisture  wdth  quaternary  ammonium  halide  solu 
tions,  this  uncertainty  can  be  eliminated  by  simply  titrating  thi 
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anhydrous  product  and  then  estimating  the  concentrations  from 
the  values  obtained  with  the  solutions. 
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A  Nonfluorescent  Lubricant  for  Fluorophotometry 

ARNOLD  KOFF  AND  MICHAEL  FREDERICK,  C.  D.  Smith  Pharmacal  Company,  Oranse,  N.  J. 


IN  THE  determination  of  thiamine  hydrochloride  by  the  thio- 
chrome  method  ( 1 ),  the  use  of  an  ordinary  stopcock  lubricant 
is  precluded  because  of  the  possibility  of  introducing  extraneous 
fluorescence.  This  makes  the  use  of  a  dry  stopcock  mandatory 
and  thus  leads  to  frequent  freezing  of  the  stopcock  and  to  losses 
due  to  leakage  during  centrifuging. 

Dow  Corning  stopcock  grease  (the  silicone  lubricant)  was 
found  suitable  for  stopcocks  in  the  determination  of  thiamine 
chloride.  It  does  not  increase  the  fluorescence  of  the  blank 
reading  and  it  greatly  simplifies  the  manipulation  of  the  ap¬ 
paratus. 

The  fluorescence  introduced  by  an  unlubricated  stopcock,  an 
ordinary  stopcock  grease,  and  the  silicone  lubricant,  as  read  on  a 
Lumetron  fluorophotometer  is  given  in  Table  I. 

The  data  show  that  the  Dow  Corning  grease  is  a  satisfactory 
lubricant  for  the  reaction  vessels  in  the  determination  of  thiamine 
by  the  thiochrome  procedure.  The  use  of  this  grease  can  be  ex- 


Table  I.  Fluorescence  Introduced  by  Lubricant 


Thiamine  in 

Assay  Sample, 

Lubricant 

Fluorescence 

Micrograms 

Used 

Reading 

1.5 

None 

80 

Blank 

None 

oa 

Blank 

None 

0 

Blank 

Silicone 

0 

Blank 

Silicone 

0 

Blank 

Ordinary  grease 

1.8 

Blank 

Ordinary  grease 

1.2 

3et  to  zero  with 

zero  suppressor  dial. 

tended  to  other  procedures  where  the  contamination  of  the  assay 
sample  with  foreign  fluorescent  materials  is  to  be  avoided. 
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The  Characterization  of  Organic  Compounds.  Samuel  M.  McElvain. 

282  pages.  The  Macmillan  Company,  60  Fifth  Ave.,  New  York, 

N.  Y.  Price,  $3.40. 

McElvain  has  followed  the  general  outline  first  used  in  Kamm’s 
“Qualitative  Organic  Analysis”  and  later  preserved  in  Shriner  and 
Fuson’s  "Systematic  Identification  of  Organic  Compounds”. 

Chapter  I  is  an  outline  of  the  general  steps  by  which  organic  com¬ 
pounds  are  characterized.  Chapter  II  is  concerned  with  a  few 
physical  methods  for  purifying  samples  (recrystallization,  distilla¬ 
tion),  the  determination  and  use  of  physical  constants  (melting  and 
boiling  points,  specific  gravity,  refractive  index,  and  Rast  molecular 
weight),  and  directions  for  the  detection  of  N,  S,  Cl,  Br,  and  I  in 
organic  substances,  using  the  sodium  fusion  or  the  magnesium- 
potassium  carbonate  fusion.  The  organization  of  the  material  on 
physical  constants  might  be  improved,  although  the  present  arrange¬ 
ment  is  adequately  coherent. 

Chapter  III  is  the  best  section  of  the  book.  Solubilities  (in  water, 
dilute  acids  and  bases,  ether,  and  concentrated  sulfuric  acid)  are  con¬ 
sidered  in  terms  of  chemical  bonding,  dipoles  and  dielectric  con¬ 
stants,  hydrogen  bonds,  and  the  factors  influencing  acidic  or  basic 
strength.  This  excellent  section  amply  justifies  consideration  of  the 
text  for  characterization  classes,  even  with  so  formidable  a  competitor 
as  Shriner  and  Fuson’s  book.  The  reader  may  wonder,  however, 
whether  the  sharp  distinction  between  ionic  and  covalent  bonds  is 
desirable  in  the  case  of  hydrogen  chloride  (footnote,  p.  49),  and 
whether  such  distinctions,  as  well  as  the  effects  of  induction  on  acidic 


strength,  might  not  be  discussed  in  terms  of  an  electronegativity 
scale. 

Chapter  IV  is  a  discussion  of  the  chemistry  of  the  class  reactions. 
Some  exceptions  and  interferences  are  noted.  The  discussion  of  the 
reactions  of  halogen  compounds  (pp.  87-90)  is  especially  good,  as  is 
the  treatment  of  alcohols  (pp.  95-98). 

Chapter  V  is  composed  of  procedures  for  the  classification  tests; 
the  separation  of  this  material  from  Chapter  IV  seems  sensible,  in 
enabling  the  student  to  find  experimental  details  quickly.  The 
omission  of  a  number  of  the  classification  reagents  used  in  the  Shriner 
and  Fuson  system  (anhydrous  aluminum  chloride,  ceric  nitrate, 
periodic  acid,  iodic  acid,  zinc-ammonium  chloride,  and  mercuric 
chloride-sodium  ethoxide)  should  not  delay  a  student  in  solving 
most  “unknowns”. 

Chapters  VI  and  VII  deal  with  the  separation  of  mixtures  and  the 
preparation  of  derivatives,  respectively.  The  tables  of  constants  and 
derivatives  in  most  cases  are  less  complete  than  Shriner  and  Fuson’s 
(1940  edition) ;  this  is  a  disadvantage  to  the  analyst  who  wants  a 
reference  book.  But  the  student  and  his  instructor  may  be  inclined 
to  forgive  the  shortcomings  of  the  tables  in  view  of  the  effective  way 
the  theoretical  matter  is  presented,  the  pleasant  style  of  writing,  and 
the  easily-read  type. 

About  a  hundred  questions  and  problems  are  placed  at  the  end  of 
chapters. 

The  book  will  fulfill  a  long-recognized  requirement — namely,  the 
contribution  to  the  student’s  knowledge  of  general  organic  chemis¬ 
try — quite  aside  from  its  value  as  a  laboratory  manual  of  analysis. 

C.  W.  Gould 
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Metallurgical  Analysis.  F.  W.  Haywood  and  A.  A.  R.  Wood.  128 
pages.  Adam  Hilger,  Ltd.,  98  St.  Pancras  Way,  Camden  Road, 
London,  N.  W.  1,  England,  1944.  Price,  18  shillings  net. 

This  book  is  divided  into  two  parts,  the  first  devoted  to  a  de¬ 
scription  and  discussion  of  the  Spekker  photoelectric  absorptiometer 
and  the  second  describing  absorptiometric  methods  of  analysis  as 
applied  to  metallurgical  analysis.  The  authors  use  the  phrase  “ab¬ 
sorptiometric  analysis”  when  referring  to  photoelectric  measure¬ 
ments,  in  contrast  to  “colorimetric  analysis"  as  employed  in  this 
country,  to  differentiate  between  instrumental  methods  and  visual 
methods  of  comparison,  which  they  maintain  are  appropriately  called 
“colorimetric”. 

The  first  part  of  the  book  briefly  describes  the  history  and  theory 
of  colorimetry  and  spectrophotometry,  and  gives  a  complete  de¬ 


scription  of  the  Spekker  absorptiometer  with  a  detailed  account  of  its 
use  and  application  to  metallurgical  analysis. 

The  second  part  contains  a  chapter  each  for  ferrous  alloys,  copper 
alloys,  aluminum  alloys,  and  magnesium  alloys.  The  methods  are 
presented  in  a  clear,  concise  manner.  Each  includes  a  paragraph  of 
notes  and  hints,  a  statement  of  the  limits  of  accuracy  of  the  method, 
and  a  statement  of  the  time  required  for  the  determination.  These 
facts  are  very  helpful  in  deciding  whether  a  method  is  satisfactory  for 
any  particular  application. 

The  methods  are  not  unusual,  but  are  rather  a  compilation  of  the 
better  colorimetric  methods  adapted  to  the  photoelectric  instrument. 
The  book  contains  a  very  desirable  feature  in  the  form  of  a  chart  for 
the  schematic  method  of  analysis  of  each  type  of  alloy  discussed, 
arranged  so  that  the  majority  of  the  analyses  can  be  performed  on 
aliquot  portions  of  the  dissolved  sample.  N.  E.  Woldman 


CORRESPONDENCE 


Determination  of  Total  Nitrogen 


Sir:  In  the  article  on  “Determination  of  Total  Nitrogen  in 
Proteins  and  Their  Hydrolyzates”  by  Jonnard  ( 6 )  we  are  credited 
with  certain  conclusions  very  different  from  those  reached.  Jon¬ 
nard  states,  “The  satisfactory  recovery  reported  by  the  proposed 
method  seems  to  invalidate  the  conclusions  of  Belcher  and  God- 
bert  (J)  and  Beet  and  Belcher  (3)  that  the  selenium  catalyst  pro¬ 
posed  by  Lauro  (7)  does  not  justify  the  favor  of  so  many  chemists. 

Their  catalyst  mixture . is  but  a  modification  of  Wagner’s  ( 9 ) 

digestion  mixture  which  was  found  satisfactory  by  Acree  ( 1 )  and 
by  Taylor  and  Smith  (8).  This  catalyst,  however,  results  in  the 
added  complication  that  the  mercury-ammonium  complexes  must 
be  destroyed  before  distillation . ”  Later  in  discussing  reduc¬ 

tion  by  hydriodic  acid,  “The  procedure  was  found  time-consuming 
by  Belcher  et  al.”  (3,  J). 

The  author  has  apparently  misunderstood  our  reference  to 
Lauro’s  catalyst.  We  were  discussing  the  merits  of  various 
catalysts,  whose  sole  purpose  is  to  expedite  the  reaction,  while  in 
no  way  affecting  ultimate  recovery.  According  to  our  findings 
the  mercury-selenium  catalyst  is  more  efficient  than  selenium 
alone  as  regards  speed.  With  longer  digestion  good  recoveries 
were  obtained  with  selenium  alone. 

Reference  to  our  catalyst  as  “but  a  modification  of  Wagner’s” 
is  strange  in  view  of  his  citation  of  two  of  our  references  predating 
that  of  Wagner  by  two  years.  Moreover,  it  will  be  found  that 
this  catalyst  was  first  described  by  one  of  us  (2)  in  1932. 


Sir:  Observations  of  Beet,  Belcher,  and  Godbert  relative  to  our 
article  call  for  complementary  explanations. 

The  mechanism  of  synergetic  catalytic  action  of  selenium  and 
mercury  or  copper  was  investigated  by  Schmidt  (J),  Houben  ( 1 ), 
Milbauer  (2),  Milbauer  and  Mikolasek  (3),  and  Sreenivasan  and 
Sadasivan  ( 5 ).  Their  studies  revealed  formation  under  these 
conditions  of  Se03  whose  presence  seems  required  not  only  to 
accelerate  the  Kjeldahl  digestion  but  to  prevent  loss  of  free 
nitrogen  occasionally  occurring  after  long  boiling  with  selenium 
alone.  In  our  hands  selenium  alone  did  not  give  satisfactory  re- 
■  coveries  of  nitrogen  with  proteinaceous  materials. 

Regarding  the  controversial  “complication”  resulting  from 
need  of  destroying  the  mercury-ammonium  complexes  formed 
when  mercury  instead  of  copper  is  used  in  the  digestion,  those 
familiar  with  supervision  problems  in  a  large  laboratory  using 
many  techniques  on  a  large  number  of  compounds  by  the  less 
skilled  assistants  know  that  even  slight  increases  in  complexity  of 


Since  destruction  of  mercury-ammonium  complexes  merely  in¬ 
volves  addition  of  sodium  sulfide— not  an  exacting  operation — 
we  feel  that  reference  to  it  as  a  “complication”  is  an  overstate¬ 
ment. 

We  did  not  state  that  the  hydriodic  acid  reduction  method  was 
time-consuming.  The  method  was  recommended  for  semimicro 
work  and  for  determinations  of  that  nature  it  is  not  particularly 
lengthy. 

We  should  like  here  to  correct  a  printer’s  error  in  one  of  our 
papers  (J).  Methyl  red  should  read  0.125  gram,  not  0.025  gram. 
Chemists  familiar  with  Johnson  and  Green’s  ( 5 )  indicator  will 
doubtless  have  appreciated  this. 
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procedures  or  of  reagents  used  result  in  a  chance  for  error  not 
found  in  the  present  case. 

Regarding  our  reference  to  Wagner’s  method  ( 6 ),  this  should 
have  read:  “Their  catalyst  mixture. .  .was  further  modified  by 
Wagner  (34)  whose  digestion  mixture  was  found  satisfactory, 
etc 
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Academic  Training  for  Analytical  Chemistry 


The  tremendous  impetus  given  to  applied  science  by 
war  research  has  made  colleges  and  universities 
look  anew  to  what  the  aims  of  education  are  and  by 
what  curriculum  they  can  be  achieved.  War  research 
has  often  been  conducted  successfully  by  staffs  who 
could  not  be  called  specialists  in  the  fields  in  which  they 
were  assigned,  but  they  were  nonetheless  eminently  suc¬ 
cessful.  For  some  years  analytical  chemists  who  have 
become  successful  in  the  newer  physical  approaches  of 
the  subject  and  in  microtechniques  have  often  not  been 
trained  as  analysts.  Men  from  graduate  schools  usu¬ 
ally  emerge  as  organic  or  physical  chemists.  Because 
of  this,  the  question  is  often  raised,  especially  in  indus¬ 
try,  “Where  can  properly  qualified  analytical  chemists 
be  found?” 

Attention  and  thought  should  be  given  to  this  prob¬ 
lem  while  our  educational  structure  is  undergoing 
changes  brought  about  by  the  war.  Because  oppor¬ 
tunities  in  industrial  analytical  research  are  available, 
it  would  seem  that  the  type  of  training  at  the  under¬ 
graduate  and  graduate  levels  for  these  positions  should 
be  considered.  This  editorial  is  written  to  raise  funda¬ 
mental  questions  which  should  be  the  concern  of  all 
those  interested  in  analytical  chemistry. 

It  has  been  the  good  fortune  of  the  writer  to  discuss 
with  the  heads  of  many  of  our  larger  industrial  analyti¬ 
cal  laboratories  the  aims  and  problems  of  their  several 
departments  and  the  type  of  men  and  training  which, 
in  their  experience,  seems  best.  They  agree  that  an 
analytical  chemist  should  have  fundamental  under¬ 
graduate  training  in  chemistry,  followed  by  graduate 
work  where  specialization  should  come. 

Analytical  chemistry  in  industry  is  usually  a  means 
toward  an  end.  Although  attempts  at  precise  definition 
are  futile,  the  men  most  directly  concerned  with  ana¬ 
lytical  chemistry  in  industry  can  be  classified  as  follows: 
An  analytical  chemist  is  one  familiar  with  the  means 
but  primarily  concerned  with  the  end  in  view.  An 
analyst  appreciates  the  end  in  view  but  is  concerned 
primarily  with  the  means — i.e.,  with  analytical  meth¬ 
ods— in  cases  of  unusual  difficulty.  A  determinator  is 
primarily  concerned  with  the  means  in  run-of-the-mill 
cases.  The  analytical  chemist  has  been  described 
(under  other  names)  by  Clarke  [J.  Chem.  Education,  14, 


562  (1937)]  and  by  Ashley  [Ibid.,  19,  589  (1942)];  as 
to  the  other  two  classifications,  see  Lundell  [Ind.  Eng. 
Chem.,  Anal.  Ed.,  5,  222  (1933)].  The  analytical 
chemist  and  the  analyst,  although  differing  in  outlook 
and  in  experience,  must  each  have  abilities  of  a  high 
order;  it  is  with  their  training  that  we  are  chiefly  con¬ 
cerned. 

While  emphasis  on  classical  analytical  chemistry  in 
industry  has  declined,  the  expansion  and  growth  of 
analytical  chemistry  have  been  tremendous,  especially 
along  physical  and  microchemical  lines.  This  growth 
has  been  dictated  by  the  needs  of  industry.  However, 
much  of  the  credit  for  this  expansion  must  go  to  per¬ 
sons  who  have  specialized  in  fields  other  than  analysis. 
Part  of  the  answer  to  this  has  been  that,  until  recently, 
industry  has  not  set  up  analytical  departments  so  that 
research  in  all  branches  of  analysis  could  be  carried  on. 
It  preferred  to  consider  analysis  as  a  routine  function. 

Besearch  on  analytical  methods  is  often  carried  on 
by  departments  which  are  predominantly  organic  or 
physical.  The  weakness  of  this  approach  is  the  lack 
of  appreciation  of  the  factors  of  precision  and  accuracy, 
and  failure  to  coordinate  their  study  of  methods,  physi¬ 
cal  and  chemical,  in  the  solution  of  an  analytical  prob¬ 
lem.  This  divorcing  of  research  from  the  routine,  has 
discouraged  people  from  specializing  in  analysis  in  col¬ 
leges,  and  consequently  they  do  not  seek  analytical 
positions  when  they  complete  their  studies. 

It  has  become  increasingly  apparent  in  undergradu¬ 
ate  schools  that  analytical  chemistry,  in  common  with 
other  branches  of  chemistry,  has  become  too  broad  for 
an  undergraduate  to  master.  Consequently,  it  is  the 
feeling  of  many  in  industry  that  the  student  should  be 
discouraged  from  specializing  in  analytical  and  encour¬ 
aged  to  master  fundamentals  of  chemistry,  physics,  and 
elementary  mathematics.  Undergraduate  courses  in 
chemistry  should  be  designed  to  provide  not  analytical 
chemists,  nor  inorganic  chemists,  nor  physical  chemists. 
They  should  rather  provide  the  fundamental  training 
needed  to  become  a  chemist. 

Training  in  Fundamentals 

Fundamental  training  in  chemistry  ought  to  give 
to  the  gifted  undergraduate  a  mastery  of  the  principles 
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of  chemistry  as  well  as  of  allied  subjects.  Such  train¬ 
ing  should  be  planned  in  harmony  with  the  advice 
that  has  been  given  by  one  university  to  its  under¬ 
graduates: 

A  student,  when  making  his  choice  of  courses,  must  realize 
that  he  presumably  has  before  him  a  lifetime  of  necessary  spe¬ 
cialization,  but  only  three  or  four  years  of  freedom  in  which  to 
study  the  interrelation  of  ideas  and  knowledge,  to  broaden  his 
intellectual  interests  and  human  sympathies,  to  fit  himself  to 
take  his  part  as  an  intelligent  man  in  whatever  social  and  eco¬ 
nomic  order  may  lie  ahead. 

Detailed  recommendations  for  such  fundamental 
training  cannot  be  given.  Even  broad  recommenda¬ 
tions  will  not  apply  with  equal  force  to  all  colleges  or 
universities;  for  such  institutions  differ  too  much  among 
themselves,  and  the  high-school  training  their  students 
have  received  is  far  from  uniform. 

Perhaps  not  over  two  thirds  of  a  four-year  under¬ 
graduate  course  of  study  will  be  devoted  to  technical 
subjects.  This  time  is  all  too  short  for  the  thorough, 
fundamental  training  of  even  the  gifted  students.  It 
is  suggested,  however,  that  the  following  measures 
ought  to  further  this  objective: 

1.  Decrease  memory  work  and  place  less  emphasis  on  descrip, 
five  chemistry.  Select  the  facts  taught  for  their  value  in  illus¬ 
trating  chemical  principles. 

2.  Begin  the  emphasis  on  these  principles  in  the  freshman 
course.  Make  this  one  of  the  most  important  chemistry  courses 
offered. 

3.  Use  experiments  to  illustrate  principles  as  well  as  to  de¬ 
velop  manipulative  skill. 

4.  In  close  cooperation  with  the  English  department,  use  the 
writing  of  reports  on  the  laboratory  exercises  as  a  continuing 
means  of  improving  the  student’s  command  of  English.  In  the 
last  two  years,  encourage  the  student  to  use  the  literature  in  his 
laboratory  work,  so  as  to  familiarize  him  with  technical  writing 
in  one  or  two  foreign  languages,  and  with  the  mechanism  of 
gathering  chemical  information. 

5.  Give  specialization  after  principles  have  been  laid  down, 
upon  which  later  specialization  in  organic,  physical,  and  analytical 
chemistry  may  take  place.  Place  emphasis  upon  orderliness  and 
neatness. 


Graduate  Work  in  Analytical  Chemistry 

It  is  advisable  for  analytical  chemists  and  analysts  to 
have  graduate  training.  The  analytical  chemist’s 
graduate  training  should  be  broader  than  that  of  the 
analyst;  successful  analytical  chemists  have  often  done 
graduate  work  in  physical  chemistry. 

Specialization  should  come  in  the  graduate  courses. 
The  undergraduate  should  know  the  principles  upon 
which  a  spectrograph  operates;  the  analyst  who  spe¬ 
cializes  in  spectroscopy  should  know  the  characteristics 
of  the  various  instruments,  of  the  different  light  sources, 
plates,  densitometers,  and  so  on.  Similar  considera¬ 
tions  apply  to  the  other  physical  methods,  to  micro¬ 
chemistry,  and  to  “classical'"  analytical  chemistry  (the 
analysis  of  silicate  rocks,  the  separation  of  substances 
by  precipitation,  etc.). 

To  be  a  successful  analytical  chemist  requires,  above 
all,  judgment  in  the  selection  of  approach  and  the 
method,  or  methods,  which  will  give  the  answer  with 
required  precision  and  accuracy.  This  rare  judgment 
does  not  develop  successfully  in  the  minds  of  men  who 
specialize  only  in  organic  or  physical  chemistry  or 
physics,  even  though  these  specialties  are  a  very  neces¬ 
sary  part  of  analysis. 

With  the  expanding  emphasis  on  all  phases  of  analy¬ 
sis,  it  is  important  that  universities  meet  this  need  by 
encouraging  men  to  train  for  such  positions  by  offering 
suitable  courses  and  graduate  research. 

The  broad  training  in  chemistry  favored  by  many  for 
undergraduates  is  possible  in  most  first-class  schools. 
The  training  of  graduate  analytical  chemists,  however, 
appears  to  be  difficult  because  of  a  lack  of  equipment, 
necessarily  expensive,  for  teaching  newer  instrumental 
techniques  and  professors  who  are  outstanding  in 
analytical  chemistry  for  direction  of  research.  These 
are  serious  difficulties,  and  some  industrial  organiza¬ 
tions  have  tried  to  solve  this  by  training  programs  based 
on  the  up-to-date  methods  which  they  themselves  have 
developed.  This  solution  of  the  problem  is  not  one 
which  will  give  strength  or  encouragement  to  analytical 
chemistry  in  our  colleges  and  universities. 

L.  T.  Hallett,  Associate  Editor 


Semiautomatic  Spectrographic  Analysis 

R.  H.  ZACHARIASON,  RCA  Victor  Division,  Radio  Corporation  of  America,  Lancaster,  Pa. 


Semiautomatic  devices  are  described 
which  simplify  spectrosraphic  operation 
by  reducing  considerably  the  time  re¬ 
quired  for  changing  the  plate  after  each 
exposure,  focusing  the  electrodes,  con¬ 
trolling  the  exposure,  and  changing  the 
electrodes. 


20  minutes  if  a  1-minute  exposure  is 
allowed  for  each  sample  and  0.5  min¬ 
ute  for  the  iron  reference.  Of  those 
20  minutes,  7.5  are  spent  in  doing  op¬ 
erations  that  can  be  done  faster  and 
more  efficiently  by  mechanical  means. 


Figure  1.  Plate-Racking  Mechanism  and  Exposure  Control  Shutter 


WITHIN  recent  years  the  marked  trend  has  been  to  take  the 
spectrograph  out  of  the  research  laboratory  and  put  it  into 
the  industrial  plant.  One  of  the  prime  advantages  of  the  spec¬ 
trograph  over  other  analytical  methods  is  the  speed  with  which 
results  can  be  obtained.  In  large  industrial  plants,  every  second 
saved  in  analyzing  material  needed  for 
production  saves  many  dollars.  The 
spectrograph  has  helped  reduce  to  a 
minimum  the  time  required  for  analy¬ 
sis,  but  there  is  still  room  for  im¬ 
provement.  With  this  in  mind,  an 
attempt  has  been  made  to  simplify 
spectrographic  operation  by  reducing 
to  a  minimum  the  time  required  for 
such  operations  as  changing  the  plate 
after  each  exposure,  focusing  the  elec¬ 
trodes,  controlling  the  exposure,  and 
changing  the  electrodes. 

All  these  labor-saving  devices  have 
been  used  successfully  for  many  months 
in  the  Lancaster  RCA  Laboratories. 

No  spectroscopist  should  waste  his  time 
doing  these  things  that  simple  mechani¬ 
cal  devices  can  do  for  him. 

A  study  of  the  operations  involved  in 
making  a  plate  shows  that  12  seconds 
are  required  for  the  operator  to  turn 
the  plate  down  after  each  exposure,  20 
seconds  to  change  a  pair  of  electrodes, 
and  3  seconds  to  focus  the  new  pair  of 
electrodes  on  the  slit.  Thus,  a  plate 
consisting  of  12  samples  and  an  iron 
reference  requires  a  total  time  of 


The  hand-racking  method  was  elimi¬ 
nated  by  removing  the  crank  handle 
on  the  plate-racking  mechanism  and 
substituting  a  20-cm.  (8-inch)  wheel 
(Figure  1).  A  belt  connects  this  wheel 
(Figure  1,  1)  with  the  shaft  of  a  small 
motor  (Figure  1,  2),  and  the  outlet 
on  the  motor  is  plugged  into  an  elec¬ 
trical  control  timer  mounted  under  the 
spectrograph  table  in  such  a  manner 
that  the  operator  can  reach  it  with¬ 
out  moving  from  his  normal  operating 
position.  Pulley  sizes  are  chosen  so 
that  7  seconds  are  required  to  move 
the  plate  3.5  mm.,  which  corresponds 
to  the  length  of  the  slit  opening  and 
the  desired  length  of  the  photographed  spectrum.  When  an 
exposure  is  finished,  the  operator  merely  presses  a  button 
(Figure  3,  4)  and  the  plate  is  changed  mechanically.  At  the 
same  time  another  advantage  is  gained  by  the  use  of  this  mecha¬ 
nism.  An  exposure  with  a  moving  plate  can  now  be  made  by  run¬ 
ning  the  motor  continuously  during  the  exposure.  This  tech- 
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Figure  2.  Inside  View  of  Safety  Cage 
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Figure  3.  Rear  View  of  Safety  Cage 


diameter  equally  spaced  hold  the  small 
yl6-inch  electrodes;  another  set  of  0.78- 
cm.  (5/is-inch)  holes  are  spaced  between 
the  smaller  holes  to  hold  the  large 
electrodes.  An  escapement  mechanism 
(Figure  2,  3)  can  be  seen  under  the 
holder.  Pulling  the  Bakelite  rod  extend¬ 
ing  out  of  the  safety  cage  (Figure  3,  5)' 
moves  the  electrodes  to  the  next  position. 
A  wing  screw  holds  the  aluminum 
support  to  the  center  shaft.  Loosening 
the  screw  permits  moving  the  holder  to 
take  either  the  small  or  the  large 
electrodes. 

It  is  now  possible  to  change  and  focus 
the  electrodes  in  the  7  seconds  it  takes 
for  the  plate  to  move  to  the  next  position. 
Thus,  the  time  required  to  run  a  complete 
plate  is  only  15  minutes,  including  the 
time  necessary  to  load  all  the  samples. 
Five  minutes  out  of  20  minutes  have  been 
saved  and  operator  fatigue  is  reduced. 

When  this  equipment  was  first  put  into 
use,  contamination  of  the  other  elec¬ 
trodes  from  the  pair  burning  was  ex¬ 
pected;  however,  no  difficulty  was  experi¬ 
enced.  Every  type  of  metal,  powder,  and 
liquid  used  normally  was  tested  by 
making  every  other  electrode  a  blank. 
In  no  case  did  the  blank  show  even 


1.  A. e.  arc  source 

2.  Spark  source 

3.  Timer  (or  shutter  control 

4.  Button  to  operate  plate-racking  mechanism 


5.  Control  (or  bottom  electrode  holder 

6.  Control  (or  upper  electrode  holder 

7.  Controls  (or  vertical  motion  of  electrodes 

8.  Control  lor  horizontal  motion  of  electrodes 


spectroscopic  traces  of  the  material  in 
the  preceding  electrode.  For  that  reason , 
no  shields  were  provided  to  take  care  of 
electrode  sputtering.  However,  such 


nique  {1-4)  is  very  useful  in  determining  correct  exposure  times 
and  the  length  of  time  required  to  burn  substances  completely . 

Three  seconds  are  required  to  move  the  two  electrodes  into  the 
correct  position,  using  a  swinging  arm  to  judge  the  correct  height. 
This  operation  is  simplified  by  mounting  a  projection  bulb  (Figure 
2,  4)  behind  the  electrodes,  so  that  it  will  throw  an  image  of  the 
electrodes  on  the  slit. 

It  is  often  desirable  to  preburn  samples  before  making  the  ex¬ 
posure,  by  means  of  a  magnetically  operated  shutter  (Figure  1, 
3)  in  front  of  the  slit.  This  shutter  is  plugged  into  another  timer 
which  after  the  preburning  is  complete  opens  the  shutter  and  then 
after  the  set  time  elapses  closes  the  shutter  to  provide  a  carefully 
controlled  exposure.  Painting  the  shutter  black  and  white  makes 
it  a  good  screen  to  receive  the  image  of  the  electrodes  and  to  aid 
in  focusing  them. 

The  largest  portion  of  the  time  re¬ 
quired  is  that  used  to  change  the  elec¬ 
trodes.  To  eliminate  this,  two  semi¬ 
automatic  rotary  electrode  holders  were 
built  (Figure  2,  1,  2).  The  upper  one 
is  held  in  a  vertical  position  and  the 
lower  in  a  horizontal  position,  so  that 
only  one  pair  of  electrodes  can  touch 
at  any  one  time.  Both  holders  accom¬ 
modate  13  electrodes,  since  13  samples 
are  run  on  a  small  plate. 

The  upper  copper  electrode  holder  is 
1.25  cm.  (0.5  inch)  thick  and  10  cm. 

(4  inches)  in  diameter  with  13  holes 
equally  spaced  on  the  edge.  The  upper 
electrodes  and  iron  reference  are  placed 
in  these  holes  and  held  in  place  by  wing 
screws.  A  gear  fastened  on  the  end  of 
the  holder  shaft  is  engaged  by  a  plunger 
to  ensure  proper  positioning  of  the  test 
electrodes.  Two  bevel  gears  on  the 
other  side  of  the  holder  connect  to  a 
Bakelite  rod  extending  outside  of  the 
safety  cage.  In  this  way  the  operator 
can  change  the  electrodes  from  his 
normal  operating  position.  The  back 
view  of  the  safety  cage  is  shown  in 
Figure  3  with  the  No.  6  knob  connect¬ 
ing  to  the  upper  electrode  holder. 

The  lower  aluminum  electrode  holder 
is  15  cm.  (6  inches)  in  diameter. 

Thirteen  holes  0.47  cm.  (3/i6  inch)  in 


Figure  4.  Side  View  of  Spectrograph 

1.  Plate-racking  mechanism 

2.  Safety  cage 


shields  could  be  made  if  the  need  ever 
should  arise.  All  the  devices  described  here  are  used  with  the 
Bausch  &  Lomb  large  Littrow  spectrograph  but  can  easily  be 
adapted  to  other  instruments  according  to  individual  needs. 
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Evaluation  of  Spectrographic  Analytical  Data 

H.  V.  CHURCHILL  and  J.  R.  CHURCHILL 
Aluminum  Company  of  America,  New  Kensington,  Pa. 


The  authors  have  two  objects  in  presenting  this  paper:  (1 )  to  furnish 
accuracy  and  precision  data  to  those  interested  in  the  spectro¬ 
graphic  analysis  of  metals,  and  (2)  to  illustrate  the  value  of  a  simple 
statistical  approach  to  the  handling  of  a  large  number  of  separate 
data. 

SPEED  and  accuracy  are  cardinal  criteria  in  the  evaluation 
of  analytical  methods.  In  industrial  chemical  laboratories, 
these  criteria  must  be  applied  with  proper  regard  to  the  process 
being  controlled  and  available  laboratory  personnel.  Speed  is 
often  essential,  even  though  it  may  mean  some  sacrifice  of  accu¬ 
racy.  Precision  or  reproducibility  of  results  is  of  paramount  im¬ 
portance  in  such  cases.  However,  with  the  development  of  in¬ 
strumental  methods,  which  are  inherently  more  nearly  objective 
than  traditional  methods,  speed  may  be  gained  with  no  essential 
sacrifice  of  either  accuracy  or  precision.  Typical  of  such  a  case  is 
the  use  of  emission  spectrography  in  metallurgical  analytical  lab¬ 
oratories. 

In  most  metallurgical  uses  of  the  spectrograph,  the  method  re¬ 
places  chemical  methods  which  produce  results  adequate  in  ap¬ 
proach  to  accuracy  and  precision.  Using  analytical  data  derived 
in  the  routine  operation  of  plant  laboratories  of  Aluminum  Com¬ 
pany  of  America,  it  has  been  possible  to  compare  the  results  ob¬ 
tained  by  spectrographic  methods  with  those  which  would  have 
been  reported  if  the  work  had  been  done  chemically. 

It  is  the  practice  in  Aluminum  Company  of  America  plant  lab¬ 
oratories  to  analyze  chemically  on  a  routine  basis  a  small  number 
of  the  aluminum  alloy  samples  that  are  analyzed  and  reported 
spectrographically.  Data  thus  derived  are  of  great  value  in  in¬ 
dicating  weaknesses  in  procedures  and  their  application.  Proper 
use  of  the  data  leads  to  re-evaluation  of  the  standards  used,  im¬ 
provements  in  apparatus,  changes  in  laboratory  operation,  and 
better  training  of  personnel.  The  analytical  data  of  plant  labora¬ 
tories  clear  through  the  Analytical  Division  of  Aluminum  Re¬ 
search  Laboratories  where  they  are  studied. 

The  continuous  flow  of  data  provides  valuable  information 
about  the  performance  of  spectrographic  standards  and  also  en¬ 
ables  the  Analytical  Division  to  ascertain  what  determinations 
and  what  alloys  present  specific  difficulties.  A  statistical  sum¬ 
mary  of  a  portion  of  the  data  for  1944  is  given  in  Table  I.  All  the 
spectrographic  and  chemical  analyses  were  made  by  standard 
routine  procedures  {1,2).  The  material  is  arranged  as  follows: 

Data  for  particular  elements  are  arranged  in  order  of  increasing 
average  concentration  of  the  element  in  the  group  being  covered. 
Each  average  level  of  concentration  may  cover  either  determina¬ 
tions  made  on  a  particular  alloy  or  determinations  made  using 
a  particular  standard.  Since  the  plant  laboratories  naturally 
tend  to  analyze  chemically  any  sample  which  shows  any  peculiari¬ 
ties  when  analyzed  spectrographically,  the  average  composition 
shown  is  not  necessarily  representative  of  the  level  of  composi¬ 
tion  sought  by  plant  operators,  but  should  be  construed  as  the 
fortuitous  average  of  the  concentrations  selected  for  chemical 
checking.  It  would  be  misleading  to  designate  specifically  the 
various  alloys  being  tested  and  thus  possibly  indicate  that  the 
average  concentrations  shown  were  metallurgical  optimums. 
They  are  averages  of  concentrations  in  samples  selected  for  check¬ 
ing  for  other  reasons  than  uniformity  or  specificity  of  composition. 
Data  have  been  included  regardless  of  whether  they  appeared  to 
be  normal  or  abnormal.  The  authors  have  not  included  material 
when  less  than  ten  data  were  available  for  a  particular  determi¬ 
nation.  Such  data  wall  be  included  in  future  studies  when  the 
amount  of  data  is  sufficiently  great  to  be  significant. 


The  terminology  used  in  the  tables  is  largely  self-explanatory. 
The  treatment  of  data,  the  specific  calculations  illustrated,  and 
the  interpretation  of  the  results  follow  the  general  pattern  set  by 
standard  texts  and  reference  books  on  statistics  (3,  5,  8)  and  by 
recent  papers  {6,  7)  dealing  with  the  application  of  statistical 
methods  to  similar  analytical  problems. 

ERRORS  IN  SPECTROGRAPHIC  ANALYSIS 

Errors  in  spectrographic  analysis  may  be  divided  into  two 
categories,  random  and  systematic.  Random  errors  originate 
largely  in  faulty  technique,  fluctuations  in  line  voltage,  variations 
in  humidity,  irregularities  in  photographic  emulsions,  variations 
in  composition  or  structure  from  point  to  point  on  the  sample,  and 
errors  in  calculation.  Systematic  errors  in  spectrographic  analy¬ 
sis  arise  largely  from  standardization.  They  may  be  caused  by 
errors  in  the  values  assigned  to  standard  samples,  differences  in 
metallurgical  history  of  samples  and  standards,  and  differences  in 
the  technique  used  on  standards  and  samples. 

The  random  differences  between  spectrographic  and  chemical 
analyses  are  measured  by  the  standard  deviation,  s,  which  is 
defined  mathematically  as 


d  =  deviation  of  individual  spectrographic  results  from  chemi¬ 
cal  results 

n  =  number  of  comparisons 

This  equation  is  more  convenient  for  handling  large  masses  of 
data  than  the  possibly  more  familiar  equation 

S  (d  -  d, )2 
n  —  1 

in  which  d  is  the  average  bias  of  spectrographic  results  with  re¬ 
spect  to  chemical  results.  The  two  equations  are  mathematically 
equivalent. 

This  term  provides  a  more  useful  measure  of  precision  than 
almost  any  other  conventional  expression.  In  a  normally  dis¬ 
tributed  group  of  statistics  including  a  sufficient  amount  of  data, 
67%  of  the  data  will  differ  from  the  mean  by  no  more  than  one 
standard  deviation  and  95%  of  the  data  is  included  within  two 
standard  deviations.  The  standard  deviation  is  always  larger 
than  the  average  error  and,  while  to  the  casual  reader  it  may  pre¬ 
sent  the  data  in  a  less  favorable  light,  it  is  more  useful  than  the 
average  error  since  it  enables  a  much  more  complete  and  rigorous 
interpretation,  especially  when  used  in  conjunction  with  the  bias. 

Since  each  group  of  data  represents  a  finite  group  of  spectro¬ 
graphic  and  chemical  comparisons,  the  accuracy  with  which  the 
standard  deviation  of  the  population  represented  by  the  statistical 
sample  is  determined  will  vary  with  the  number  of  determinations 
sampled  and  the  magnitude  of  standard  deviation.  A  measure  of 
the  validity  of  the  standard  deviation  as  the  authors  have  calcu¬ 
lated  it  is  provided  by  its  own  standard  deviation,  $s,  which  is 
calculated  from 


This  quantity  will  be  found  virtually  negligible  for  most  of  the 
data  presented.  A  second  type  of  error  is  introduced  by  any  de¬ 
partures  from  normal  statistical  distribution  among  the  original 
data.  Such  departures  will  affect  the  validity  of  the  distributional 
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Table  I.  Statistical  Summary 


No.  of 

Average  % 

Spectrographic  vs. 
Chemical  Results 

Probability  of 

Determinations 

by  Chemical 

Standard 

Average 

Significance 

Compared 

Method 

deviation 

bias 

of  Bias 

45 

0.08 

Silicon 

0.012 

+0.0004 

0. 17 

1761 

0.09 

0.009 

+0.003 

0.9999  + 

106 

0.12 

0.021 

+0.007 

0.9993 

46 

0. 14 

0.019 

+  0.016 

0 . 9999  + 

54 

0.16 

0.010 

-0.013 

0.9999  + 

3282 

0.17 

0.019 

-0.0005 

0.87 

508 

0.19 

0.023 

-0.009 

0.9999  + 

128 

0.23 

0.018 

-0.006 

0.9998 

107 

0.31 

0.019 

-0.001 

0.42 

136 

0.42 

0.025 

-0.008 

0.9997 

420 

0.43 

0.028 

+0.004 

0.996 

594 

0.62 

0.046 

+0.011 

0.9999  + 

207 

0.66 

0.036 

+0.008 

0.999 

14 

0.68 

0.059 

-0.01 

0.47 

255 

0.92 

0.052 

+0.011 

0.9992 

59 

0.99 

0.047 

-0.018 

0.995 

613 

5.05 

0.258 

+0.072 

0 . 9999  + 

230 

11.70 

0.389 

+0.11 

0.9999  + 

763 

0.13 

Iron 

0.013 

-0.0003 

0.47 

51 

0. 17 

0.013 

-0.020 

0.9999  + 

82 

0.22 

0.024 

-0.009 

0.999 

821 

0.29 

0.030 

+0.007 

0.9999  + 

56 

0.30 

0.029 

+0.004 

0.69 

1403 

0.34 

0.033 

+0.010 

0.9999  + 

1893 

0.37 

0.017 

+0.009 

0.9999  + 

3288 

0.40 

0.031 

-0.023 

0.9999  + 

57 

0.44 

0.024 

-0.004 

0.78 

112 

0.46 

0.030 

-0.004 

0.84 

326 

0.49 

0.025 

-0.006 

0.9999 

53 

0.50 

0.033 

+0.020 

0.9999  + 

130 

0.50 

0.035 

-0.008 

0.990 

903 

0.55 

0.032 

+0.004 

0.9998 

179 

0.56 

0.047 

+0.030 

0.9999  + 

1327 

0.67 

0.023 

+0.004 

0.9999  + 

259 

1.33 

0. 055 

+0.010 

0.996 

244 

1.44 

0.101 

+0.056 

0.9999  + 

163 

1.46 

0.131 

+  0.076 

0.9999  + 

311 

0.02 

Copper 

0.002 

+0.002 

0.9999  + 

49 

0.06 

0.015 

+  0.003 

0.83 

52 

0.07 

0.013 

+  0.003 

0.89 

145 

0.16 

0.018 

+  0.009 

0.9999  + 

55 

0. 16 

0.019 

-0.014 

0.9999  + 

49 

0.16 

0.026 

+  0.012 

0.998 

1541 

0.30 

0.027 

-0.009 

0.9999  + 

Spectrographic  vs. 


No.  of 

Average  % 

Chemical  Results 

Probability  of 

Determinations 

bv  Chemical  Standard 

Average 

Significance 

Compared 

Method 

deviation 

bias 

of  Bias 

Copper  ( contd .) 

49 

0.42 

0.041 

-0.008 

0.82 

52 

1.73 

0.146 

-0.013 

0.48 

403 

3.94 

0.081 

+  0.091 

0.9999  + 

168 

4.05 

0.  145 

+0.036 

0.998 

204 

4.07 

0. 155 

-0.027 

0.99 

31 

4.08 

0.186 

+0.067 

0.95 

Manganese 

18 

0.03 

0.024 

+0.004 

0.51 

30 

0.05 

0.008 

+0.001 

0.50 

69 

0.06 

0.024 

-0.009 

0.997 

145 

0. 16 

0.018 

+0.009 

0.9999  + 

60 

0.16 

0.017 

-0.008 

0.9995 

41 

0.35 

0.027 

-0.017 

0.9997 

3207 

0.60 

0.031 

-0.010 

0.9999  + 

86 

0.61 

0.033 

-0.015 

0.9999 

624 

0.63 

0.031 

-0.009 

0.9999  + 

145 

0.79 

0.036 

-0.015 

0.9999  + 

443 

1.13 

0.040 

-0.011 

0.9999  + 

Magnesium 

27 

0.04 

0.010 

-0.002 

0.69 

103 

0.36 

0.025 

+0.014 

0.9999  + 

98 

0.54 

0.028 

-0.011 

0.9998 

57 

0.59 

0.032 

-0.009 

0.96 

547 

0.91 

0.042 

-0.007 

0.9999 

202 

1.19 

0.058 

-0.031 

0.9999  + 

3170 

1.47 

0.0/2 

-0.011 

0.9999  + 

1110 

1.48 

0.021 

+0.011 

0.9999  + 

402 

1.56 

0 . 054 

-0.048 

0.9999  + 

94 

1.56 

0 . 055 

-0.007 

0.78 

425 

2.37 

0.087 

-0.062 

0.9999  + 

Chromium 

607 

0.01 

0.013 

+  0.010 

0.9999  + 

29 

0.02 

0.009 

+0.004 

0.98 

110 

0.20 

0.016 

+  0.0015 

0.67 

23 

0.22 

0.021 

+  0.010 

0.97 

49 

0.23 

0.015 

+0.014 

0.9999  + 

81 

0.24 

0.055 

+  0.010 

0.89 

30 

0.24 

0.019 

+  0.012 

0.998 

33 

0.25 

0.013 

-0.004 

0.91 

Nickel 

432 

2.03 

0.073 

+  0.0006 

0.13 

205 

2.06 

0.098 

-0.018 

0.991 

inferences  drawn  from  the  standard  deviations.  Tests  for  “skew¬ 
ness”,  “flatness”,  and  other  departures  from  normality  are 
described  in  standard  statistical  texts  and  allowances  can  be 
made  for  such  departures  by  using  special  mathematical  devices. 
Analytical  data  of  the  type  here  presented  generally  approach 
normal  distribution  to  such  a  degree  that  the  assumption  of 
normality  does  not  seriously  impair  the  interpretation.  A  third 
source  of  error  lies  in  the  fact  that  the  standard  deviation  prop¬ 
erly  applies  only  to  a  continuous  distribution  of  data.  A  discon¬ 
tinuity  is  introduced  by  the  fact  that  all  of  the  authors’  analytical 
results  have  been  rounded  off  to  the  nearest  hundredth  of  a  per 
cent.  When  this  grouping  unit  and  the  standard  deviation  are  of 
similar  magnitude,  as  they  are  in  any  of  the  data  presented,  a 
correction  may  be  desirable.  MacColl  ( 6 ),  in  an  excellent  statis¬ 
tical  treatment  of  analytical  data,  recommends  the  use  of  Shep¬ 
pard’s  correction  in  such  cases.  This  correction  was  not  applied, 
since  it  would  not  contribute  materially  to  the  usefulness  of  the 
data  under  consideration. 

Systematic  errors  are  measured  by  the  “average  bias”.  “Av¬ 
erage  bias”  is  the  algebraic  mean  difference  between  chemical  and 
spectrographic  results,  assigning  a  positive  sign  when  the  spec- 
trographic  result  is  higher  and  a  negative  sign  when  it  is  lower 
than  the  chemical  result.  “Average  bias”  thus  measures  the 
tendency  of  the  spectrographic  result  to  run  higher  or  lower  than 
the  chemical  result.  It  does  not  represent  the  systematic  error  of 
the  spectrographic  result,  but  rather  the  algebraic  difference  of 
the  systematic  errors  of  the  spectrographic  and  chemical  results. 
For  example,  if  the  mean  absolute  error  of  the  spectrographic  re¬ 
sults  happened  o  be  —0.02  and  that  of  the  chemical  results 
+  0.0.5,  the  bias  figure  as  considered  here  would  be  —0.07%. 


In  considering  a  particular  bias  figure,  it  is  important  to  know 
whether  the  calculated  bias  represents  a  real  difference  between 
the  average  chemical  and  spectrographic  analyses  or  is  simply  a 
fortuitous  result  of  the  random  errors  of  the  two  methods.  A 
means  of  judging  the  precision  with  which  the  bias  is  estimated  is 
provided  by  the  standard  error.  The  standard  error  of  the  bias, 
s is  given  by  the  formula 


For  example,  a  bias  of  —0.012  obtained  for  a  group  of  512  sam¬ 
ples  yielding  a  standard  deviation  of  0.021  could  be  expressed  as 

0.021  .  .  , 

—  0.012  ±  or  —  0.012  =*=  0.001  if  we  wished  to  include  in  the 

bias  figure  itself  a  measure  of  the  precision  with  which  it  was  de¬ 
termined.  The  probability  of  the  bias  being  real  and  not  merely 
a  fortuitous  result  of  statistical  sampling  errors  is  indicated  by 
the  term,  “probability  of  significance  of  bias”,  given  in  the  last 
column  of  the  table.  Strictly  speaking,  this  is  the  probability 
that  the  observed  bias  is  larger  than  the  bias  which  might  have 
resulted  from  random  errors  alone.  The  probabilities  were  ob¬ 
tained  by  applying  “Students’  t  Test”  (3)  in  which 

t  =  \  (IV) 

Sc/ 

d  -  average  bias 
s2  =  standard  error  of  d 

The  probability  figures  were  obtained  by  referring  the  calcu¬ 
lated  t  values  to  standard  statistical  tables  (4).  Interpolations 
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between  tabulated  figures  were  made  graphically  by  the  use  of 
Keuffel  and  Esser  No.  359-23  Probability  paper.  Special  graph 
papers  of  this  type  greatly  facilitate  the  representation  of  statis¬ 
tical  functions  of  the  type  here  involved.  The  probability  figures 
were  rounded  off  to  0.01  below  0.99,  to  0.001  from  0.990  to  0.999, 
and  to  0.0001  from  0.9990  to  0.9999.  Reporting  the  figures  to  a 
greater  number  of  digits  would  not  be  justified  because  of  the  er¬ 
rors  involved  in  the  estimation  of  the  standard  deviation.  Prob¬ 
abilities  higher  than  0.9999  have  been  reported  as  0.9999+  to 
avoid  the  inferences  which  might  be  drawn  from  rounding  such 
figures  off  to  1.0000.  The  magnitude  of  the  probability  assists  in 
judging  whether  the  bias  is  real  or  fortuitous,  but  has  little  direct 
bearing  on  whether  its  magnitude  is  of  practical  significance. 
For  example,  in  one  of  the  groups  of  iron  analyses,  the  bias  is 
+0.004  at  an  average  iron  content  of  0.55%.  The  probability 
of  significance  is  0.9998,  but  a  bias  of  +0.004  is  too  small  to  merit 
much  consideration. 

INTERPRETATION  OF  DATA 

It  must  be  remembered  in  interpreting  the  data  that  both  the 
bias  and  the  standard  deviation  are  net  resultants  of  both  spec- 
trographic  and  chemical  errors.  If  some  means  were  available 
for  determining  the  absolute  bias  and  the  standard  deviation  of 
the  chemical  analyses,  estimates  of  the  true  bias  and  standard  de¬ 
viation  of  the  spectrographic  results  could  be  obtained  by  the  ap¬ 
plication  of  the  formulas 

d,  =  d  +  'dc  (V) 

Ss  =  \/  s°-  —  sc2  (VI ) 

in  which 

ds  =  the  average  absolute  bias  of  spectrographic  results 
d  =  the  net  average  bias  as  given  in  the  tables 
dc  =  the  average  absolute  bias  of  chemical  results 
sa  =  standard  deviation  of  the  spectrographic  results 
s  =  net  standard  deviation  as  given  in  the  table 
sc  =  standard  deviation  of  chemical  results  , 

As  an  example  of  the  interpretation  of  the  data  on  the  basis  of 
the  foregoing  principles,  let  us  take  as  an  example  one  of  the 
groups  of  data  on  Magnesium  in  Table  I.  The  following  statis¬ 
tics  are  given  for  the  group  selected: 


Number  of  determinations  compared  1110 

Average  %  Mg  by  chemical  method  1.48 

Standard  deviation  0.021 

Spectrographic  saib  +0.011 

Probability  of  significance  of  bias  0.9999  + 


Making  the  assumption  of  normal  distribution,  a  standard 
deviation  of  0.021  means  that  the  random  discrepancies  between 
spectrographic  and  chemical  analyses  are  0.021  or  less  in  67%  of 
cases  and  0.042  or  less  in  95%  of  cases.  The  precision  with  which 
the  standard  deviation  has  been  determined  is  measured  by  its 
own  standard  deviation,  sS)  calculated  from  Formula  II. 


Ss 


0.021 

V  2  X  1110 


0.00045 


On  the  average,  67%  of  the  observed  standard  deviations  will 
fall  within  ss  and  95%  within  2ss  of  the  true  standard  deviation. 
In  this  isolated  case,  we  may  say,  therefore,  that  there  is  a  67% 
chance  that  the  observed  standard  deviation  lies  within  0.00045 
of  0.021  and  a  95%  chance  that  it  lies  within  0.0009  of  0.021. 

The  bias  of  +0.011  indicates  that,  on  the  average,  the  spectro¬ 
graphic  results  tend  to  be  0.011  higher  than  the  chemical  results. 
The  accuracy  of  this  conclusion  is  measured  by  the  standard  error, 
Stf,  obtained  by  applying  Formula  III. 


si  =  ^21  =  0.00063 

V  1110 

The  odds  are  2  to  1  that  the  true  bias  (the  bias  for  an  infinite 
number  of  samples)  is  within  ±0.0006  of  the  observed  value  of 
+0.011,  and  19  to  1  that  it  is  within  ±0.0013  of  +0.011.  To 
test  the  significance  of  this  bias  further,  “Students’  t  Test”  is 
applied.  From  Formula  IV  we  obtain 


S(I 

Referring  to  standard  t  tables,  we  find  that  the  chances  of  ob¬ 
taining  an  apparent  bias  of  ±0.011  or  more  when  no  true  bias 
exists  is  less  than  1  in  a  1,000,000,000  in  this  particular  case. 
The  probability  of  significance  of  the  bias  is,  therefore,  far  in  ex¬ 
cess  of  0.9999  and  is  simply  reported  as  0.9999+  in  the  table. 
The  authors,  therefore,  regard  it  as  a  virtual  certainty  that  there 
is  a  real  difference  between  spectrographic  and  chemical  results. 
Had  the  probability  been  less  than  0.9999,  a  graphical  interpola¬ 
tion  would  have  been  required  to  determine  its  value. 

The  example  selected  happens  to  represent  the  magnesium 
analyses  obtained  on  a  particular  type  of  alloy,  using  a  particular 
spectrographic  standard.  Using  this  standard  to  analyze  a  sam¬ 
ple  of  this  same  alloy  having  a  chemically  determined  magnesium 
content  of  1.48%,  and  taking  both  the  standard  deviation  and 
average  bias  into  consideration,  we  may  say  that  the  odds  are 
2  to  1  that  the  spectrographic  result  will  lie  between  1.470 
and  1.512%,  and  19  to  1  that  it  will  lie  between  1.449  and  1.533%. 
Moreover,  we  have  determined  the  accuracy  with  which  the 
standard  deviation  and  average  bias  have  been  determined,  and 
have  evaluated  the  probability  of  the  average  bias  representing 
a  real  difference  between  the  two  methods.  If  data  were  available 
for  estimating  the  standard  deviation  of  the  chemical  results  and 
their  average  bias  with  respect  to  true  content,  we  could  go  even 
further  with  the  interpretation  by  the  application  of  Formulas 
V  and  VI.  In  the  absence  of  such  data,  our  spectrographic  data 
can  only  be  compared  with  chemical  data,  and  our  direct  interpre¬ 
tation  tends  to  give  a  conservative  picture  of  the  precision  of  spec¬ 
trographic  analysis. 

In  the  analysis  of  many  alloys,  statistical  data  have  been  espe¬ 
cially  valuable  in  checking  the  performance  of  standards.  In  the 
analysis  of  many  fabrication  alloys,  a  special  type  of  standard, 
known  as  an  “SS”  standard,  is  used.  “SS”  standards  are  prepared 
in  large  quantities  and  are  the  daily  check  standards  used  in  a 
large  number  of  laboratories.  When  a  new  standard  of  the  “SS” 
type  is  first  put  into  service,  all  the  laboratories  using  the  stand¬ 
ard  submit  comparative  spectrographic  and  chemical  data. 
These  data  are  carefully  analyzed  and  any  apparent  bias  is  care¬ 
fully  investigated  to  determine  whether  the  systematic  error  lies 
in  the  chemical  or  in  the  spectrographic  analysis.  In  most  cases 
the  effect  is  found  to  be  attributable  to  the  spectrographic  be¬ 
havior  of  the  standard,  and  a  compensating  change  is  made  in 
the  composition  assigned  to  the  standard.  The  application  of 
such  corrections  has  usually  resulted  in  the  reduction  of  the  bias 
to  insignificance  in  the  case  of  the  alloys  for  which  “SS”  stand¬ 
ards  are  available.  Similar  corrective  measures  are  taken  when¬ 
ever  the  statistical  studies  warrant,  but  the  effectiveness  of  such 
bias  corrections  diminishes  as  the  total  quantity  of  the  standard, 
and  hence  of  the  statistical  data,  is  reduced.  In  all  cases,  how¬ 
ever,  the  statistical  studies  provide  an  excellent  check  on  the  per¬ 
formance  of  the  standards  and  the  proper  execution  of  the  spec¬ 
trographic  techniques. 

It  is  interesting  to  note  that  copper  analyses  on  some  alloys 
show  rather  high  biases  and  standard  deviations.  A  portion  of 
this  effect  is  ascribable  to  the  fact  that  the  concentration  to  be 
determined  is  rather  high,  but  a  large  part  of  the  excessive  error 
is  caused  by  the  fact  that  some  plant  laboratories  do  not  regularly 
make  this  determination  spectrographically.  Up  to  the  present, 
copper  in  the  neighborhood  of  4%  has  not  been  determined  spec- 
trographically  on  certain  alloys  because  the  results  obtained  in 
preliminary  tests  were  not  completely  satisfactory.  Since  the 
determination  has  not  been  run  on  a  routine  basis,  the  labora¬ 
tories  have  little  significant  experience  to  produce  data  to  im¬ 
prove  the  quality  of  results.  However,  there  are  included  in  the 
table  data  on  a  complicated  alloy  in  which  copper  is  regularly  de¬ 
termined  spectrographically.  On  this  alloy  the  standard  devia¬ 
tion  was  only  0.081  as  compared  to  0.145,  0.155,  and  0.186  for  the 
three  other  groups  representing  similar  copper  contents  in  other 
alloys.  The  divergence  of  these  standard  deviations  is  caused  not 
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by  any  inherent  difference  in  the  copper  determination  among  the 
four  alloys,  but  rather  by  the  simple  fact  that  the  alloy  for  which 
the  very  satisfactory  standard  deviation  of  0.081  was  obtained 
is  one  which  is  regularly  analyzed  spectrographically  on  a  large- 
scale  routine  basis,  while  the  other  three  alloys  are  normally  ana¬ 
lyzed  chemically  with  only  an  occasional  speetrographic  analysis 
as  a  high-speed  service  to  the  metallurgical  staff. 

The  results  on  some  alloys  are  indicative  of  specific  difficulties. 
For  example,  in  some  cases  being  analyzed,  the  complexity  of  the 
alloy,  its  tendency  to  show  serious  segregation,  and  the  appar¬ 
ently  large  effects  of  variations  in  structure  and  composition  tend 
to  make  the  speetrographic  analyses  more  variable  than  one 
would  expect  for  the  contents  involved.  In  actual  plant  labora¬ 
tory  practice,  these  variations  are  ironed  out  to  a  large  extent  by 
making  multiple  determinations  and  averaging  the  results.  For 
example,  the  speetrographic  determination  of  silicon  of  11.70% 
average  concentration  does  not  show  the  precision  required  in 
many  laboratories.  The  low  bias  suggests  that  the  average  of 
quadruplicates  might  provide  acceptable  accuracy. 

In  general,  the  statistics  indicate  that  analyses  regularly  made 
spectrographically  are  of  consistently  high  quality.  The  magni¬ 
tude  of  the  standard  deviations  and  biases  is  in  general  no  higher 
than  would  be  expected  had  the  comparisons  been  made  among 
chemical  analyses  made  by  different  routine  analysts. 
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Determination  of  Ascorbic  Acid 

Application  of  the  Indophenol-Xylene  Extraction  Method  to  Determination 
in  Large  Numbers  of  Tomato  and  Tomato  Juice  Samples 
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The  xylene  method,  as  modified  for  rapid  determination  of  ascorbic 
acid  in  tomatoes  and  tomato  juice,  is  particularly  adaptable  to  the 
determination  of  large  numbers  of  samples  and  can  be  handled  with 
accuracy  by  comparatively  inexperienced  technicians.  The  diffi¬ 
culties  involved  in  the  choice  of  extractant,  clarification  of  extracts, 
choice  of  buffer,  ascorbic  acid  losses  following  addition  of  buffer, 
and  oxidizing  substances  in  xylene  are  described,  and  methods  of 
avoiding  these  difficulties  are  given. 

IN  PREVIOUS  investigations  of  the  ascorbic  acid  content  of  plant 
materials  a  titrimetric  method  (6,  7)  was  used  in  these  labora¬ 
tories.  In  the  hands  of  an  experienced  operator  this  method  was 
satisfactory  and  gave  values  which  were  in  agreement  with  the 
photometric  method  of  Bessey  {1,  15).  Critical  evaluations  of 
the  titrimetric  method  have  been  presented  by  various  workers 
(8,  9,  11).  Since  it  requires  experienced  technicians,  the  authors 
have  recently  replaced  it  with  the  xylene  method  ( 3 ,  J,  17,  18) 
which  is  more  objective,  gives  good  results  in  the  hands  of  com¬ 
paratively  inexperienced  technicians,  and  hence  is  more  suitable 
for  large-scale  routine  analyses. 

This  paper  gives  a  brief  description  of  the  xylene  method  as 
adapted  for  analysis  of  large  numbers  of  tomato  and  tomato  juice 
samples,  the  various  difficulties  encountered,  and  the  precautions 
which  are  necessary  to  avoid  them. 

REAGENTS 

Acetate  Buffer.  Dissolve  500  grams  of  c.p.  sodium  acetate 
trihydrate  in  enough  distilled  water  to  make  1  liter  of  solution; 
then  mix  with  1  liter  of  c.p.  glacial  acetic  acid. 

Ascorbic  Acid  Standard.  Prepare  daily  by  dissolving  a 
weighed  amount  of  the  vitamin  in  some  of  the  acid  which  is  used 


for  extracting  the  samples.  A  solution  which  contains  20  micro¬ 
grams  per  ml.  is  convenient,  and  1-  to  7-ml.  aliquots  of  such  a 
solution  can  be  used.  The  ascorbic  acid  can  be  titrated  iodo- 
metrically  (3?)  to  test  its  purity. 

Xylene.  Use  c.p.  or  reagent  grade,  providing  it  meets  the 
test  for  oxidizing  substances  (see  below).  Redistill  from  glass  if 
oxidizing  substances  are  present. 

2,6-Dichlorophenolindophenol  Solution.  Prepare  by 
dissolving  40  mg.  of  the  crystals  in  hot  water,  filter,  cool,  and 
dilute  to  100  ml.  Store  this  concentrated  solution  in  the  cold 
room  at  3°  to  5°  C.,  and  dilute  about  15  ml.  to  100  ml.  before  use. 
Use  enough  of  the  concentrated  dye  so  that  when  a  5-ml.  aliquot 
of  the  diluted  dye  is  mixed  with  2  ml.  of  the  buffer  and  5  ml.  of 
the  extracting  acid  and  then  is  transferred  to  15  ml.  of  xylene,  the 
xylene  solution  gives  30%  transmission  in  the  Evelyn  colorimeter 
with  filter  520. 

METHOD  AND  APPARATUS 

The  extract  is  prepared  and  filtered  essentially  as  described  by 
Morell  {16).  The  first  portion  of  the  filtrate  is  poured  back 
through  the  filter  if  it  is  not  perfectly  clear.  An  aliquot  of  from 
1  to  10  ml.  of  the  filtrate,  depending  on  the  ascorbic  acid  concen¬ 
tration,  is  pipetted  into  a  large  test  tube,  and  about  2  ml.  of  the 
acetate  buffer,  followed  immediately  by  5  ml.  of  the  dye,  are 
added  from  automatic  pipets.  The  solution  is  mixed  thoroughly, 
but  briefly,  after  each  addition.  After  about  15  seconds,  15  ml. 
of  xylene  are  added  from  another  automatic  pipet,  and  the  tube 
is  stoppered  with  a  rubber  stopper  and  shaken  vigorously  for  10  to 
15  seconds.  The  xylene  layer  is  drawn  through  a  cotton 
plug  into  a  colorimeter  tube  by  means  of  the  apparatus  illus¬ 
trated  in  Figure  1.  This  solution  is  read  in  an  Evelyn  colorim¬ 
eter  with  filter  520  or  515. 

The  use  of  a  rubber  stopper  has  no  harmful  effect  on  the  xylene 
solution.  However,  it  is  necessary  to  avoid  rubber  connections 
on  the  automatic  pipets  by  using  glass  siphons  for  filling  them. 
It  is  essential  to  allow  about  15  seconds  for  the  reaction  with  the 
dye,  because  even  with  moderate  amounts  of  ascorbic  acid  the 
reaotion  is  not  completed  in  less  time  {10). 


December,  1945 


ANALYTICAL  EDITION 


755 


The  xylene  layer  can  be  clarified  by  any  one  of  three  methods. 
It  can  be  allowed  to  stand  until  it  is  clear,  centrifuged,  or  drawn 
through  a  small  wad  of  absorbent  cotton  (cf.  Kirkpatrick,  IS). 
The  authors  prefer  the  latter.  A  fresh  cotton  plug,  which  need 
not  be  moistened,  is  inserted  for  each  aliquot.  The  clarified  xy¬ 
lene  solutions  are  read  in  a  photoelectric  colorimeter,  usually 
within  an  hour.  Comparisons  show  that  the  methods  of  clarify¬ 
ing  the  xylene  all  give  the  same  results.  The  intensity  of  the 
color  of  the  dye  after  extraction  with  xylene  is  stable  for  at  least 
3  hours  (3),  but  changes  appreciably  on  standing  overnight.  The 
xylene  can  be  used  again  after  distillation  in  an  all-glass  still. 
It  is  preferable  to  dry  the  xylene  with  calcium  chloride  before 
redistilling. 


Xylene  is  drawn  through  absorbent  cotton  plug 
into  colorimeter  tube. 


The  ascorbic  acid  concentration  of  the  aliquot  is  ascertained 
from  a  standard  curve,  which  is  constructed  by  plotting  on  semi- 
logarithmic  graph  paper  the  per  cent  transmission  of  a  dye- 
xylene  solution  against  ascorbic  acid  concentration.  The  values 
obtained  between  35  and  90%  transmission  show  excellent  agree¬ 
ment  with  Beer’s  law. 

When  this  method  is  used  in  routine  analyses  of  tomato  samples 
duplicate  determinations  seldom  give  transmission  values  which 
differ  by  more  than  one  scale  division  on  the  Evelyn  colorimeter 
galvanometer — i.e.,  1%  transmission.  Such  a  difference  corre¬ 
sponds  to  from  2  to  4  micrograms  of  ascorbic  acid. 

This  method  gives  results  which  agree  satisfactorily  with  the 
Bessey  photometric  method  (Table  I). 

DIFFICULTIES  AND  NECESSARY  PRECAUTIONS 

Choice  of  Extractant.  The  authors  have  compared  3% 
metaphosphoric  acid  with  the  5%  sulfuric-2%  metaphosphoric 
acid  mixture  recommended  by  Mack  and  Tressler  (14);  with 
fresh  acid  solutions,  identical  results  were  obtained.  The  au¬ 
thors  prefer  to  use  3%  metaphosphoric  acid  for  the  following 
reasons  (see  also  Fujita  and  Ebihara,  5):  It  is  more  stable  at 
room  temperature,  as  is  illustrated  in  Figure  2.  The  data  in  this 
figure  were  obtained  by  measuring  the  amount  of  metaphosphate 
and  orthophosphate  phosphorus  (19)  present  at  various 


Table  I.  Comparison  of  Xylene  and  Bessey  Photometric  Methods 
for  Determination  of  Ascorbic  Acid  in  Ripe  Tomatoes 

Mg.  of  Ascorbic  Acid  per  100  Grams  of  Fresh  Fruit 


Sample 

Bessey  photometric 

Xylene 

No. 

method 

method 

1 

24.0 

22.6 

2 

25.2 

25.6 

3 

18.9 

18.9 

4 

20.3 

21.3 

5 

19.9 

19.2 

6 

19.9 

19.4 

7 

16.1 

16.7 

8 

17.0 

17.0 

Av.  20.16 

20.09 

times.  Initially  only  86%  of  the  phosphorus  was  in  the  form 
of  metaphosphate  phosphorus.  There  is  about  the  same  percent¬ 
age  hydrolysis  of  the  metaphosphoric  acid  in  the  sulfuric-meta- 
phosphoric  acid  mixture  in  6  hours  as  in  the  3%  metaphosphoric 
acid  in  a  week.  This  necessitates  more  frequent  preparation  of 
the  extracting  acid  if  a  mixture  of  the  two  acids  is  used. 

Pure  ascorbic  acid  is  more  stable  in  3%  metaphosphoric  acid 
than  in  the  metaphosphoric  acid-sulfuric  acid  mixture.  The 
3%  metaphosphoric  acid  is  preferable,  at  least  in  the  case  of 
fresh  tomatoes  and  canned  tomato  juices,  because  it  is  much 
easier  to  obtain  perfectly  clear  filtrates  using  metaphosphoric 
acid  alone  than  the  acid  mixture.  With  the  former  acid, 
the  filtrates  are  nearly  always  perfectly  clear  from  the  start  using 
Whatman  No.  1  filter  paper.  With  the  mixture,  it  is  usually 
necessary  to  pour  the  first  portion  of  the  filtrate  back  through 
the  paper. 

Other  workers  have  used  mixtures  of  several  types  of  acids  with 
metaphosphoric  acid  for  extracting  plant  materials  (IS,  14,  20) 
because  they  considered  a  low  pH  essential  to  ensure  stability 
of  the  ascorbic  acid  in  the  extracts.  The  authors  have  found 
that  the  ascorbic  acid  in  3%  metaphosphoric  acid  extracts  of  to¬ 
matoes  is  stable  on  standing  overnight  at  room  temperature. 
Hence,  they  do  not  consider  the  use  of  a  strong  acid  essential  in 
ascorbic  acid  analyses  of  tomatoes. 

Other  stabilizing  agents,  such  as  oxalic  acid,  would  presumably 
be  satisfactory,  provided  they  meet  the  tests  required  of  a  stabiliz¬ 
ing  agent;  the  authors  have  not  tried  this  acid. 

It  is  essential  that  approximately  clear  filtrates  be  obtained  in 
the  case  of  tomatoes  and  tomato  juice  because  the  suspended 
particles  carry  carotenoids  which  are  extracted  by  the  xylene  and 
give  an  appreciable  blank  value.  Centrifugation  is  not  nearly  so 
efficient  in  removing  these  carotenoid-carrying  particles  as  is 
filtration.  With  dehydrated  cabbage  and  sweet  and  Irish  pota¬ 
toes  clear  filtrates  are  not  necessary,  as  no  appreciable  xylene- 
extractable  pigments  have  been  found  in  the  filtrates.  When 


Figure  2.  Relative  Stability  of  a  3%  Metaphosphoric  Acid 
Solution  and  a  Mixture  of  5%  Sulfuric  and  2%  Metaphosphoric 
Acids  at  Room  Temperature 
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Table  II.  Effect  of  Xylene  on  Oxidation  of  Leuco-2,6-dichlorophenol- 

indophenol 


Ascorbic 

7 

15 

30 

60 

7  15  30  60 

7 

Acid 

min. 

min. 

min. 

min. 

min.  min.  min.  min. 

min. 

Micro¬ 

grams 

Per  cent  transmission a 

0 

29.8 

30 

30 

30.5 

29.8  30  30  30.3 

30 

20 

33.5 

33.8 

34 

34.3 

32.5  32  31.8  30.5 

33 

100 

53.3 

53.8 

53.8 

54 

52  51  47  42.3 

51 

160 

99.5 

99.5 

99.5 

99 

92.5  81  60  39.3 

94.5 

15 

30 

60 

min. 

min. 

min. 

30 

30.3 

30.5 

33 

32.8 

31.8 

50 

46 

33 

5  91.5 

86.5 

79 

'ith  filter  520. 

Time 

measured  from  point  of  addition  of  dye  to  acid  solution. 


applying  the  method  to  other  products  it  is  ad¬ 
visable  to  extract  the  filtrate  directly  with  xylene 
and  compare  the  resulting  extract  with  a  sample 
of  pure  xylene.  This  would  indicate  the  necessity 
of  obtaining  clear  filtrates  by  refiltration. 

Choice  of  Buffer.  With  3%  metaphosphoric 
acid  as  an  extractant  it  makes  very  little  differ¬ 
ence  whether  an  acetate  buffer,  such  as  that  de¬ 
scribed  above,  or  the  citrate  buffer  of  Bessey  ( 1 ) 
is  used.  The  final  pH  of  the  solution  is  not  critical; 
values  anywhere  between  pH  3  and  4  are  satisfac¬ 
tory.  However,  if  large  amounts  of  a  strong  acid 
extractant,  such  as  the  2%  metaphosphorie-5% 
sulfuric  acid  mixture  are  used,  the  acetate  buffer  is  preferable 
because  of  its  stronger  buffer  capacity. 

Ascorbic  Acid  Losses  Following  Addition  of  Buffer. 
It  is  essential  that  the  dye  and  xylene  be  added  immediately 
after  the  buffer  has  been  added  to  the  extract.  Only  enough 
time  should  elapse  to  permit  a  completion  of  reaction  of  the  dye 
with  the  ascorbic  acid.  In  some  tomatoes  the  ascorbic  acid  is 
very  rapidly  destroyed  after  the  buffer  is  added.  This  is  illus¬ 
trated  in  Figure  3,  which  shows  the  behavior  of  similar  extracts 
from  two  tomatoes;  in  one  case  a  considerable  portion  of  the  as¬ 
corbic  acid  is  lost  in  a  very  short  time  after  addition  of  the  buffer. 
Similar  results  are  obtained  by  the  xylene  and  Bessey  photo¬ 
metric  methods  ( 1 ).  The  rate  of  loss  in  extract  A  is  about  as 
rapid  as  the  authors  have  ever  observed.  The  rate  in  extract  B  is 
intermediate.  In  all  extracts  studied  there  was  some  loss  if  the 
aliquots  were  allowed  to  stand  after  the  buffer  was  added.  How¬ 
ever,  the  amount  of  ascorbic  acid  lost  during  a  determination  is 
apparently  not  significant  when  determinations  are  made  rapidly, 
as  described  above.  The  loss  occurs  as  rapidly  in  extracts  that 
have  been  boiled  as  it  does  in  unboiled  extracts,  and  hence  is 
probably  not  enzymatic,  even  if  any  enzyme  is  extracted  from 
the  tomatoes  by  the  acid.  It  is  not  accelerated  by  the  addition 
of  small  quantities  of  copper  and  iron  salts.  The  type  of  knife 
used  to  cut  the  fruits  likewise  makes  no  difference,  as  shown  by 
comparing  a  new  chromium-plated  knife  and  an  old  chromium- 
plated  knife,  on  which  the  brass  plate  was  exposed,  with  grinding 
the  tomatoes  directly  in  the  blender  without  slicing. 


Figure  3.  Decrease  in  Ascorbic  Acid  Content 
of  Aliquots  of  Extracts  of  Tomatoes  after  Adding 
Acetate  Buffer 


The  disappearance  of  ascorbic  acid  always  seems  to  be  more 
rapid  in  2-ml.  aliquots  of  the  extracts  than  in  1-ml.  aliquots. 
In  some  cases  the  reduced  ascorbic  acid  content  of  a  2-ml.  ali¬ 
quot  1  hour  after  adding  the  buffer  was  less  than  that  of  a  1-ml. 
aliquot  which  had  been  similarly  treated.  As  a  consequence  the 
authors  had  difficulty  getting  different  sized  aliquots  to  check  in 
routine  analyses  in  which  several  minutes  elapsed  between  adding 


the  buffer  and  the  dye.  This  difficulty  disappeared  when  the 
dye  was  added  as  rapidly  as  possible  after  the  buffer.  This  loss 
in  ascorbic  acid  occurs  when  either  3%  metaphosphoric  acid  or 
5%  sulfuric-2%  metaphosphoric  acid  is  used  for  extracting  the 
sample. 

Oxidizing  Substances  in  Xylene.  Most  c.p.  grades  of  xy¬ 
lene  are  suitable  to  use  in  the  determination.  However,  the 
presence  of  oxidizing  substances  has  been  observed  in  technical 
grades  of  xylene  and  occasionally  even  in  reagent  grades.  The 
effect  of  these  substances  on  the  leuco  form  of  the  dye  is  shown  in 
Table  II.  These  values  were  obtained  by  taking  5  ml.  of  3% 
metaphosphoric  acid  containing  an  appropriate  amount  of  ascor¬ 
bic  acid,  and  adding  2  ml.  of  citrate  buffer,  5  ml.  of  dye  solution 
(standardized  for  30%  transmission),  and  15  ml.  of  xylene.  The 
xylene  was  removed,  and  the  per  cent  transmission  was  measured. 
It  can  be  seen  that  at  an  ascorbic  acid  concentration  of  160  micro¬ 
grams  the  xylene-dye  mixture  should  show  approximately  100% 
transmission,  and  at  0  ascorbic  acid  concentration  the  transmis¬ 
sion  is  approximately  30%.  Only  in  the  case  of  xylene  1  was  the 
color  relatively  stable  in  the  xylene  solution ;  in  the  other  xylene 
samples  a  fairly  rapid  development  of  color  was  indicated  by  the 
progressively  lower  transmission  readings  obtained  when  the 
mixture  was  allowed  to  stand  for  various  lengths  of  time.  For 
this  reason  it  is  always  advisable  to  test  the  xylene  for  oxidizing 
substances  before  use.  A  simple  test  consists  of  completely  de¬ 
colorizing  a  small  amount  of  dye  solution  with  ascorbic  acid  and 
then  shaking  vigorously  with  the  xylene  to  be  tested.  If  no  color 
develops  in  the  xylene  layer  within  10  minutes  it  is  considered 
suitable  for  use.  If  oxidizing  substances  are  found  the  xylene 
should  be  distilled  in  an  all-glass  still. 
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A  rapid  photometric-nephelometric  procedure  for  the  determination 
of  calcium  in  water  is  described.  A  solution  of  potassium  oleate  in 
Duponol  reacts  with  ammoniacal  solutions  of  calcium  to  form  a  col¬ 
loidal  suspension  of  calcium  oleate  whose  turbidity  is  proportional 
to  the  concentration  of  the  calcium  present.  The  degree  of  turbidity 
is  measured  in  a  photoelectric  colorimeter  with  a  suitable  filter. 

THE  Third  Army  Medical  Laboratory  was  faced  with  the 
problem  of  doing  chemical  analyses  on  water  samples  from 
Engineer  Water  Points  whose  locations  and  sources  of  supply 
varied  almost  daily  with  military  necessity.  In  addition,  chemi¬ 
cal  analyses  for  calcium,  magnesium,  and  total  hardness  were 
performed  on  water  samples  from  a  new  type  of  ion-exchange  unit 
which  was  being  tested  for  field  operation.  Since  this  entailed 
running  large  numbers  of  these  determinations,  it  was  thought 
desirable  to  attempt  to  develop  a  rapid  photometric  procedure 
for  calcium  which  could  compare  favorably  in  accuracy  with  the 
more  complicated  and  -time-consuming  gravimetric  and  volu¬ 
metric  procedures.  This  method  could  then  be  used  in  conjunc¬ 
tion  with  an  already  published  procedure  for  the  photometric 
determination  of  magnesium  in  water,  and  the  standard  formula 
used  for  the  calculation  of  total  hardness. 

Although  other  investigators  such  as  Gregoire  and  co-workers 
( 1 ,  2)  have  used  potassium  oleate  as  a  reagent  for  the  nephelo¬ 
metric  determination  of  calcium,  it  was  recognized  that  mag¬ 
nesium  was  an  interfering  substance.  Gregoire  and  Sola  (8)  made 
use  of  this  fact  to  determine  magnesium  with  the  potassium 
oleate  reagent.  Romeo  and  Gambordella  ( 6 )  also  used  this  re¬ 
agent  for  the  simultaneous  determination  of  calcium  and  mag¬ 
nesium  in  water.  In  the  attempt  to  modify  the  reagent  recom¬ 
mended  by  the  latter  authors,  it  was  found  experimentally  that 
the  emulsifying  agent  known  as  Duponol  stabilized  the  colloidal 
suspension  over  long  periods  of  time  and  that  its  presence  pre¬ 
vented  the  formation  of  magnesium  oleate  and  thus  made  the 
reaction  specific  for  calcium. 

The  reaction  between  calcium  ion  and  the  potassium  oleate- 
Duponol  reagent  was  then  investigated  to  determine  such  factors 
as  the  optimum  spectral  region  for  measurement,  optimum  con¬ 
centration  of  reagents,  effect  of  time  of  standing,  pH,  and  tem¬ 
perature  on  the  colloidal  suspension,  and  effect  of  various  concen¬ 
trations  of  other  ions  on  the  reaction. 

The  optimum  concentration  of  Duponol  and  the  ratio  of  potas¬ 
sium  oleate  to  Duponol  were  determined  experimentally  for  a 
fixed  amount  of  calcium  standard  (0.40  mg.  of  calcium)  in  a  10- 
ml.  volume.  The  variation  of  temperature  from  15°  to  25°  C. 
did  not  affect  the  transmission  values  and  these  transmission 
values  remained  constant  at  room  temperature  after  a  30-minute 
time  interval.  The  optimum  spectral  region  for  making  the 
photometric  measurements  was  found  to  be  about  420  npt.  The 
colloidal  suspension  was  most  stable  in  slightly  ammoniacal  solu¬ 
tion  and  the  addition  of  ammonia  to  a  sample  and  the  filtration  of 
any  precipitate  formed,  previous  to  the  addition  of  the  potassium 
oleate-Duponol  reagent,  served  to  remove  many  of  the  interfering 
ions.  These  experimental  criteria  were  then  applied  to  the  solu¬ 
tion  of  the  problem  of  the  photometric  determination  of  calcium 
1  Home  address,  3082  Brighton  13th  St.,  Brooklyn,  N.  Y. 


The  method  has  an  average  error  of  ±  4%  over  the  range  of  0.004  to 
0.28  mg.  of  calcium  in  10  ml.  of  solution.  Only  a  few  ions  com¬ 
monly  present  in  water  interfere;  their  maximum  permissible  con¬ 
centrations  are  given.  The  method  can  be  used  in  conjunction  with 
a  previously  published  method  for  the  determination  of  magnesium 
in  water  to  determine  total  hardness. 

and  total  hardness  in  known  and  unknown  water  samples  and  are 
presented  in  this  paper. 

PRINCIPLE  OF  THE  METHOD 

Potassium  oleate  reagent  in  Duponol  solution  reacts  with  cal¬ 
cium  salts  in  ammoniacal  solution  to  give  a  white  colloidal  sus¬ 
pension  of  calcium  oleate.  The  degree  of  turbidity  is  propor¬ 
tional  to  the  amount  of  calcium  present  over  the  range  from  0.0 1 
to  0.70  mg.  of  calcium  carbonate  (0.004  to  0.28  mg.  of  calcium) 
in  10  ml.  oi  solution  and  is  measured  in  a  photoelectric  colorimeter 
with  a  suitable  filter.  Most  of  the  common  ions,  when  present  in 
quantities  usually  found  in  treated  or  untreated  waters,  have 
little  or  no  effect  on  the  reaction. 

REAGENTS  AND  APPARATUS 

Potassium  Oleate  Reagent.  This  reagent  is  prepared  ac¬ 
cording  to  the  procedure  of  Romeo  and  Gambordella  ( 6 ) :  Shake 
7.05  grams  of  oleic  acid  (Eastman  Kodak)  with  a  solution  of  1.60 
grams  of  potassium  hydroxide  in  5  ml.  of  distilled  water.  Trans¬ 
fer  the  emulsion  by  means  of  50  ml.  of  70%  alcohol  to  a  flask. 
Reflux  the  mixture  for*  1  hour  and  dilute  with  distilled  water  to 
250  ml.  in  a  volumetric  flask. 

Duponol  Solution.  Prepare  a  3%  solution  in  distilled  water. 
Duponol  P.C.  is  an  emulsifying  reagent  sold  by  the  Dyestuffs 
Department  of  E.  I.  du  Pont  de  Nemours  and  Co.,  Inc.,  Wil¬ 
mington,  Del. 

Potassium  Oleate-Duponol  Reagent.  To  each  100  ml.  of 
Duponol  solution  add  20  ml.  of  potassium  oleate  reagent.  Allow 
to  stand  12  hours  or  longer  and  filter  off,  or  remove  by  centrifuga¬ 
tion,  any  sediment  formed.  This  reagent  is  stable  at  room 
temperature  but  will  come  out  of  solution  at  lower  temperatures. 
It  can  be  brought  back  into  solution  by  warming  in  an  incubator 
at  37°  C. 

Calcium  Standard  Solution.  Dissolve  0.5  gram  of  pure 
calcite  (calcium  carbonate)  in  a  500-ml.  Erlenmeyer  flask  with  a 
little  dilute  hydrochloric  acid,  being  careful  to  avoid  spattering. 
Add  about  200  ml.  of  distilled  water  and  boil  for  a  few  minutes  to 
drive  off  the  carbon  dioxide.  Cool  to  room  temperature  and 
transfer  to  a  500-ml.  volumetric  flask.  Neutralize  with  ammo¬ 
nium  hydroxide.  Make  up  to  volume  with  carbon  dioxide-free 
distilled  water.  Store  in  a  glass-stoppered  bottle.  This  standard 
should  be  checked  for  exact  calcium  content  using  a  gravimetric 
or  permanganate  titration  procedure.  1.00  ml.  =  1.00  mg.  of 
calcium  carbonate  =  0.40  mg.  of  calcium. 

Dilute  Calcium  Standard  Solution.  Dilute  the  above 
standard  solution  1  to  10  in  a  volumetric  flask  with  distilled  water. 
1.00  ml.  =  0.10  mg.  of  calcium  carbonate  =  0.04  mg.  of  calcium. 

An  Evelyn  photoelectric  colorimeter  with  selected  test  tubes 
graduated  at  5  and  10  ml.  was  used  in  this  investigation.  A 
spectral  transmittance  curve  was  prepared  with  a  Coleman  spec¬ 
trophotometer,  and  a  wave  length  of  420  m^  corresponding  to 
Corning  filter  No.  511-3  mm.  was  found  to  be  most  suitable  for 
this  determination. 

EXPERIMENTAL 

Studies  of  Reagent  Concentrations.  The  following 
studies  were  undertaken  to  determine  the  effect  of  varying  the 
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concentration  of  Duponol  and  proportion  of  potassium  oleate  re¬ 
agent  to  Duponol  solution  on  the  turbidity  of  a  solution  having  a 
constant  calcium  content. 

Effect  of  Variation  of  Duponol  Concentration.  The  effect  of 
varying  the  Duponol  concentration  was  determined  using  1,  3,  5, 
7,  and  10%  solutions  of  Duponol.  The  3%  Duponol  concentra¬ 
tion  was  chosen  as  the  most  suitable  as  it  gave  stable  readings 
after  a  20-minute  time  interval,  did  not  inhibit  the  formation  of 
the  calcium  oleate  as  did  the  higher  concentrations  of  Duponol, 
and  the  turbidity  appeared  more  in  the  nature  of  a  true  colloidal 
suspension  than  that  given  by  other  concentrations  of  Duponol. 

Effect  of  Variation  of  Potassium  Oleate  Reagent.  To  10.0-ml. 
aliquots  of  3%  Duponol  solution  were  added,  respectively,  0.2, 
0.6,  1.0,  1.4,  and  2.0  ml.  of  the  potassium  oleate  reagent  and  the 
contents  mixed  by  inversion. 


Figure  1 .  Effect  of  Variation  of  Potassium  Oleate  Reagent 
Readings  taken  after  30-minute  waiting  period 


One  milliliter  of  dilute  calcium  standard  (0.04  mg.  of  calcium)' 
and  0.05  ml.  of  concentrated  ammonium  hydroxide  were  added  to 
each  of  five  colorimeter  tubes,  graduated  at  5  and  10  ml.,  and  dis¬ 
tilled  water  was  added  to  the  5-ml.  mark.  The  contents  of  the 
tube  were  mixed  by  shaking  and  5  ml.  of  the  various  potassium 
oleate-Duponol  reagents  were  added  to  each  tube  with  a  5-ml. 
volumetric  pipet.  The  contents  of  each  tube  were  immediately 
mixed  by  inverting  the  tube  several  times.  The  blank  tube  con¬ 
taining  5  ml.  of  distilled  water  and  5  ml.  of  the  3%  Duponol-2.0 
ml.  of  potassium  oleate  reagent  was  set  at  100%  trans¬ 
mission.  The  other  tubes  were  then  read  at  various  time  inter¬ 
vals  and  the  results  are  given  in  Figure  1  for  the  30-minute 
interval. 

Since  relatively  stable  values  were  obtained  after  20  minutes’ 
standing  with  mixtures  containing  1.4  ml.  or  more  of  potassium 
oleate  reagent  per  10  ml.  of  the  3%  Duponol  solution  and  since 
there  is  but  little  change  in  transmission  values  between  the  1.4- 
ml.  value  and  the  2.0-ml.  value,  the  latter  was  chosen  for  the 
preparation  of  the  combined  reagent. 

Effect  of  Variation  of  Temperature.  For  each  of  the  five  tem¬ 
peratures  shown  in  Figure  2,  0.20  and  0.50  ml.  of  the  dilute  cal¬ 
cium  standard  (0.08  and  0.20  mg.  of  calcium)  were  pipetted  in 
duplicate  into  the  graduated  colorimeter  tubes,  0.05  ml.  of  con¬ 
centrated  ammonium  hydroxide  was  added  to  each  tube,  and  the 
contents  were  diluted  to  the  5-ml.  mark  and  mixed.  The  tubes 
were  then  placed  in  a  water  bath  maintained  at  the  proper  tem¬ 
perature,  and  after  a  30-minute  time  interval  5  ml.  of  the  potas¬ 
sium  oleate-Duponol  reagent  adjusted  to  the  same  temperature 
were  added  to  each  tube  -with  a  5-ml.  volumetric  pipet.  The 
contents  were  immediately  mixed  by  inverting  several  times  and 
the  tubes  replaced  in  the  bath.  The  transmission  values  were 
read  at  various  time  intervals  in  the  photoelectric  colorimeter 
against  a  reagent  blank  set  at  100%  transmission  and  the  results 
obtained  are  shown  in  Figure  2  for  the  30-minute  time  interval. 

These  results  indicate  that  the  temperature  has  little  or  no 
effect  between  15°  and  25 0  C.  but  beyond  this  range  a  marked 
increase  in  transmission  values  occurs,  these  values  increasing 
with  the  temperature.  While  control  of  the  temperature  is  not 
essential  for  routine  analysis,  more  consistent  values  have  been 
obtained  by  maintaining  the  temperature  at  about  20  °  C. 

Effect  of  Variation  of  Alkalinity.  It  has  been  found  experi¬ 
mentally  that  concentrations  of  ammonium  hydroxide  greater 
than  0.5%,  after  the  final  dilution  to  10  ml.  in  the  colorimeter 
tube,  have  an  inhibitory  effect  on  the  formation  of  the  colloidal 
suspension.  If  the  concentration  of  the  ammonium  hydroxide  is 
kept  below  this  critical  level,  variation  in  the  concentration  of  the 
ammonium  hydroxide  has  no  effect  on  the  transmission  values 
obtained. 


Preparation  of  Standard  Curve.  Quantities  of  calcium 
standard  solution  ranging  from  0.1  to  0.7  mg.  of  calcium  carbon¬ 
ate,  or  0.04  to  0.28  mg.  of  calcium,  were  pipetted  in  duplicate  into 
the’  graduated  colorimeter  tubes,  0.05  ml.  of  concentrated  am¬ 
monium  hydroxide  was  added  to  each  tube,  and  distilled  water 
added  to  the  5-ml.  mark.  The  contents  were  mixed  by  shaking 
and  5  ml.  of  the  potassium  oleate-Duponol  reagent  were  added 
with  a  5-ml.  volumetric  pipet.  The  contents  were  immediately 
mixed  by  inverting  each  tube  several  times  and  the  tubes  placed 
in  a  water  bath  at  20 0  C.  Transmission  values  were  read  in  the 
photoelectric  colorimeter  at  a  30-minute  time  interval  against  a 
reagent  blank  set  at  100%.  The  curve  obtained  is  shown  in 
Figure  1. 

Procedure  for  Unknown  Samples.  Into  a  50-ml.  volu¬ 
metric  flask  45  ml.  of  the  unknown  water  sample  were  measured. 
The  sample  was  neutralized  with  concentrated  ammonium 
hydroxide  until  just  alkaline  to  litmus  and  1  ml.  of  the  ammonium 
hydroxide  added  in  excess.  The  solution  was  mixed,  diluted  to 
the  50-ml.  mark  with  distilled  water,  and  mixed  again.  It  was 
allowed  to  stand  for  15  minutes  or  longer.  If  a  precipitate  forms, 
the  sample  was  filtered  through  a  good  grade  of  filter  paper.  A 
2.00-ml.  and  a  5.00-ml.  aliquot  were  pipetted  into  graduated  color¬ 
imeter  tubes  and  the  first  tube  was  diluted  to  the  5.0-ml.  mark. 
For  the  blank  tube  0.05  ml.  of  concentrated  ammonium  hydroxide 
and  distilled  water  were  added  to  the  5-ml.  mark.  Five  milli¬ 
liters  of  the  potassium  oleate-Duponol  reagent  were  added  to 
each  tube  from  a  volumetric  pipet,  and  the  solution  was  mixed 
several  times  by  inversion  and  read  in  the  photoelectric  color¬ 
imeter  after  a  30-minute  waiting  period,  the  blank  tube  being  set 
at  100%  transmission.  The  calcium  content  is  read  from  the 
standard  curve  and  the  value  obtained  multiplied  by  1.11  to  give 
the  actual  calcium  content  of  the  sample.  Where  more  accurate 
results  are  desired  the  tubes  may  be  placed  in  a  20°  C.  water  bath 
during  the  waiting  period. 


Figure  2.  Effect  of  Variation  of  Tem¬ 
perature 


Readings  taken  after  30-minute  waiting  period 


This  procedure  will  determine  the  calcium  content  of  water 
samples  in  the  range  of  8  to  350  p.p.m.  of  calcium  carbonate.  A 
1.00-ml.  aliquot  extends  the  range  of  the  method  to  700  p.p.m. 
of  calcium  carbonate,  and  samples  below  8  p.p.m.  of  calcium 
carbonate  can  be  determined  after  the  concentration  of  a  suitable 
aliquot. 

Determination  of  Calcium  Content  of  Known  Solutions. 
The  calcium  content  of  known  solutions  was  determined  in  dupli¬ 
cate  as  given  above  under  the  Procedure  for  Unknowns  and  the 
results  obtained  are  given  in  Table  I. 


Table  I.  Determination  of  Known  Samples 


Sample 

Calcium 

Carbonate 

Present 

Calcium 

Carbonate 

Found 

Deviation 

P.p.m. 

P.p.m. 

% 

1 

500 

520 

+  4.0 

2 

400 

392 

-  2.0 

3 

300 

310 

+  3.3 

4 

200 

210 

+  5.0 

5 

100 

108 

+  8.0 

6 

20 

22 

+  10.0 

December,  1945 


ANALYTICAL  EDITION 


759 


Determination  of  the  Calcium  Content  of  Unknown 
Vater  Samples.  The  calcium  content  of  the  unknown  water 
amples  was  determined  in  duplicate  with  potassium  oleate- 
Duponol  reagent  following  the  procedure  given  above.  A 
olume  of  the  water  sample  was  then  taken  so  that  its  total 
alcium  content  was  about  50  mg.  and  its  calcium  content  was 
un  in  duplicate  by  both  gravimetric  and  permanganate  titration 
irocedures  as  given  by  Kolthoff  and  Sandell  (4).  The  results 
btained  are  given  in  Table  II. 

Determination  of  Calcium,  Magnesium,  and  Total  Hard- 
[ess  in  Known  Water  Samples.  The  magnesium  content  of 
he  water  sample  was  determined  photometrically  by  the  method 
f  Ludwig  and  Johnson  ( 5)  which  uses  Titan  yellow  as  the 
olorimetric  reagent  (Table  III).  The  only  modification  in  their 
•rocedure  was  that  a  solution  of  0.05%  of  the  Titan  yellow  in  2% 
)uponol  was  used  in  the  determination,  thus  eliminating  the 
nstable  starch  solution.  The  total  hardness  was  then  calculated 
rom  the  formula:  Total  hardness  (as  calcium  carbonate), 
.p.m.  =  2.495  Ca  +  4.1115  Mg. 


Table  II.  Determination  of  Unknown  Sampl 

es 

Potassium 

Oleate— 

Gravimetric 

Potassium 

Deviation 

Sample 

Duponol 

Procedure  as 

Permanganate 

from 

Procedure 

CaC204.H20 

Procedure 

Average 

P.p.m. 

P.p.m. 

P.p.m. 

% 

i 

504 

505 

508 

-0.59 

2 

409 

412 

409 

-0.49 

3 

286 

290 

289 

-1.38 

4 

192 

195 

192 

-1.04 

5 

65 . 5 

67.9 

64.0 

-0.76 

6 

38.0 

41.4 

39.8 

-6.40 

able 

III.  Determination  of  Known  Samples  for 
nesium,  and  Total  Hardness 

Calcium 

,  Mag- 

imple 

Calcium 
Content 
Known  Found 

Magnesium 
Content 
Known  Found 

Total  Hardness 

Soap 

Calculated  Found  method 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

CaCOz 

P.p.m. 

CaCOz 

P.p.m. 

CaCO, 

1 

104.5 

102 

101 

60.0 

58.3 

59.0 

507 

494 

504 

493 

2 

43.6 

42.9 

41.9 

15.0 

17.6 

17.0 

170 

177 

175 

164 

3 

20.9 

20.4 

20.4 

10.0 

12,4 

12.6 

93.4 

102 

90 

90 

Effect  of  Ions  Commonly  Present  in  Water.  An  investi¬ 
gation  was  made  of  the  effect  of  various  ions  which  may  be  found 
in  treated  or  untreated  water  with  the  purpose  of  determining 
their  maximum  allowable  concentration  (Table  IV). 

DISCUSSION 

In  the  preparation  of  the  standard  curve,  transmission  values 
were  read  at  various  time  intervals  for  24  hours;  little  or  no 
change  in  these  values  took  place  after  a  30-minute  waiting 
period.  The  spectrophotometric  curve  obtained  by  this  procedure 
gives  a  straight  line  with  amounts  of  calcium  from  0.004  to  0.12 
mg.  Beyond  this  value  the  curve  deviates  rather  sharply  but  the 
results  obtained  by  this  procedure  have  been  found  to  be  highly 
reproducible  for  values  up  to  0.28  mg.  of  calcium  even  with  new 
batches  of  the  potassium  oleate-Duponol  reagent. 


Table  IV. 

Interference  of  Various  Ions 

Ion 

Added  as 

Other  Ion,  P.p.m. 
Calcium,  P.p.m. 

Maximum 

Permissible 

Concentration, 

P.p.m. 

Cu  +  + 

Cu(NOs)2 

0.13 

50 

Fe  +  + 

FeCls 

0.13 

50 

Mn  +  + 

MnClj 

0.5 

200° 

Mg  +  + 

Mg(NOi): 

2.0 

1000° 

Zn  +  + 

Zn(NOs)2 

1.0 

500° 

A1  +  +  + 

AlCla 

0.5 

200 

Sr  +  + 

Sr(NOs)2 

0.25 

100 

Pb  +  + 

Pb(N03)2 

0.5 

200° 

As  +  +  + 

As203 

0.03 

10 

Ba  +  + 

BaCh 

1.0 

500° 

°  Interference  due  to  this  ion  not  investigated  beyond  concentration  given. 


The  results  given  in  Tables  I  and  II  indicate  that  the  method  is 
subject  to  maximum  errors  up  to  about  10%  in  the  lower  range  of 
values  but  that  this  error  decreases  sharply  for  the  higher  calcium 
values.  The  average  error  for  these  determinations  is  approx¬ 
imately  =b4%  and  the  results  obtained  compare  favorably  with 
the  gravimetric  or  titration  procedures.  The  method  is  particu¬ 
larly  useful  for  earning  out  large  numbers  of  determinations,  as 
in  routine  or  control  analysis  of  water  samples,  and  where  great 
accuracy  is  not  the  prime  consideration. 

The  interference  of  ions  other  than  those  given  in  Table  IV 
was  also  studied:  Ag+,  Hg++,  Bi+^,  Cd++,  Sb+++,  Sn++, 
Ni+++,  Co++,  Na+,  K+-,  NHU,  C03— ,  S04— ,  SO*—,  S»04— , 
CrOr,  B407  ,  C4H406— ,  HP04— ,  F-  C*04",  AsQ,“  HAs- 
04— ,  C1-,  Br-  I-,  CN-,  Fe(CN)6-4,  Fe(CN)6“,  CNS“, 
S~~,  N02“,  N03~,  C2II302~,  C103_,  Si03  .  No  anions  below 
concentrations  of  500  p.p.m.  and  few  cations  in  concentrations 
less  than  100  p.p.m.  interfere  with  the  procedure.  Large 
amounts  of  magnesium,  which  are  a  source  of  difficulty  in  the 
oxalate  procedure,  have  no  effect  in  this  procedure.  Even  when 
these  ions  are  present  in  relatively  large  amounts  and  the  amount 
of  turbidity  formed  by  a  given  concentration  of  calcium  is  either 
increased  or  decreased  by  the  presence  of  these  ions  the  method 
may  still  be  used  if  the  standard  curve  is  made  up  in  the  presence 
of  these  ions.  Such  a  procedure  is  now  in  progress  for  the  photo¬ 
metric  determination  of  calcium  in  biological  fluids. 
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Determination  of  Helium  Group  Gases  in  Natural  Gases 

and  in  the  Atmosphere 

GEORGE  H.  CADY  and  H.  P.  CADY1 
University  of  Washington,  Seattle,  Wash.,  and  University  of  Kansas,  Lawrence,  Kan. 


Methods  for  determining  helium  plus  neon,  argon,  and  krypton  plus 
xenon  by  procedures  involving  fractional  distillation,  fractional  de¬ 
sorption  from  activated  charcoal,  and  absorption  of  reactive  gases  by 
hot  calcium  are  described.  The  analysis  of  the  atmosphere  by  these 
techniques  agrees  well  with  data  of  earlier  investigators  and  indicates 
that  100  ml.  of  dry  air,  free  from  carbon  dioxide,  contain  0.00232 


ml.  of  helium  plus  neon,  0.0001  2o  ml.  of  krypton  plus  xenon,  and 
0.935  ml.  of  argon.  Two  of  these  data  are  at  least  equal  in  accuracy 
to  older  values,  but  the  figure  for  argon  is  probably  inferior  to  the 
commonly  accepted  volume,  0.932  ml.  Several  natural  gases, 
rich  in  nitrogen,  were  analyzed/  none  was  found  to  contain  a  higher 
proportion  of  any  rare  gas,  except  helium,  than  is  present  in  air. 


THIS  paper  describes  a  continuation  of  a  study  extending 
from  1905  to  the  present.  The  first  major  publication  ap¬ 
peared  in  1907  when  one  of  the  authors  in  collaboration  with  Mc¬ 
Farland  ( 3 )  presented  analyses  of  natural  gases  from  Kansas, 
Oklahoma,  Indiana,  West  Virginia,  Missouri,  Louisiana,  and 
California,  and  found  high  values  for  the  helium  content  of  some 
samples.  It  was  reasonable  to  expect  other  elements  of  the  same 
family  also  in  certain  natural  gases.  Accordingly  a  qualitative 
study  was  conducted,  and  both  neon  and  argon  were  detected  in 
some  samples  (4).  Several  years  later,  the  senior  author  and 
Seibel  (57)  obtained  qualitative  evidence  for  the  existence  of 
krypton  and  xenon  in  a  few  natural  gases  of  Kansas. 

During  1927  and  1928  Cady  and  Cady  collaborated  in  a  quan¬ 
titative  study  of  several  mid-continent  natural  gases,  using  de¬ 
sorption  from  activated  charcoal  to  separate  the  noble  gases. 
The  results  were  not  published  because  only  the  values  for  helium 
and  argon  were  accurate.  It  was  found,  however,  that  krypton 
could  be  more  easily  detected  in  some  gases  than  in  air.  Because 
these  samples  were  believed  to  contain  a  much  higher  percentage 
of  krypton  than  the  atmosphere,  the  junior  author  resumed  the 
study  in  1939  at  the  University  of  Washington  and  did  the  work 
reported  in  this  paper.  However,  none  of  the  natural  gases  ana¬ 
lyzed  contained  even  as  high  a  percentage  of  krypton  and  xenon  as 
does  air.  It  is  possible  that  other  gases  may  be  very  rich  in  these 
rare  noble  gases,  by  comparison  with  air,  but  the  chance  that  this 
is  true  seems  poor.  Although  the  .study  has  failed  to  discover 
a  good  commercial  source  for  krypton  or  xenon,  the  work  con¬ 
tributes  to  the  art  of  determining  the  different  noble  gases  and 
has  increased  the  precision  with  which  the  percentage  of  neon  plus 
helium  in  the  atmosphere  is  known. 

Within  the  period  of  the  authors’  interest,  numerous  papers 
have  reported  the  content  of  helium  and  of  argon  in  gases  issuing 
from  the  earth  and  of  krypton  and  xenon 
in  gases  from  hot  springs,  mines,  and 
famaroles,  but  there  are  no  quantitative 
data  regarding  the  occurrence  of  the 
latter  elements  in  natural  gases  associated 
with  petroleum. 

Very  little  definite  information  about 
the  occurrence  of  neon  other  than 
in  the  atmosphere  has  been  published. 

Many  determinations  of  helium  in  the 
natural  gases  of  North  America  have 
been  made,  but  little  is  known  about  the 
abundance  of  the  other  noble  gases. 

Most  of  the  analyses  which  are  com¬ 
plete,  except  for  the  determination  of 
neon,  have  been  made  upon  gases  from 
European  springs  and  mines  by  Moureu 
and  Lepape  (19,  20)  and  from  fumaroles 
by  Sborgi  (85). 

1  Senior  author,  deceased  May  26,  1943. 


Extensive  reviews  (12, 18,19,  20,  23,  34)  dealing  with  the  occur¬ 
rence  of  the  helium  group  gases  are  available.  More  recent  pub¬ 
lications  in  the  field  include  (7, 15,  25,  26,  82,  35,  88). 

The  analytical  procedures  described  below  involve  the  isola¬ 
tion  of  very  small  amounts  of  the  rare  gases,  measured  at  such 
low  pressures  that  rapid  diffusion  of  the  gas  within  the  system 
makes  unnecessary  forced  circulation  of  the  gases.  Methods  in¬ 
volving  this  type  of  technique  have  been  developed  by  Panetb 
and  co-workers  (23). 


APPARATUS 

Figure  1  shows  only  the  essential  features  of  the  apparatus 
A  buret,  A,  is  used  to  add  measured  small  samples  of  gas  to  thf 
part  of  the  system  between  stopcocks  C i,  C s,  and  Cj.  The  buret 
is  carefully  calibrated  and  is  designed  to  permit  samples  ranging 
in  volume  from  0.25  to  55.0  cc.  to  be  measured  with  a  limit  o 
error  decreasing  from  about  2%  to  less  than  0.1%  of  the  tota 
amount.  This  error  is  smaller  than  that  made  in  measuring  thf 
volumes  of  the  different  rare  gases  obtained  from  the  sample. 

A  McLeod  gage,  B,  measures  the  gas  within  the  system,  thf 
capillary  tube  above  the  bulb  being  used  for  pressures  up  t< 
3.27  X  10“ 2  mm.  of  mercury  and  the  larger  tube  just  belov 
the  capillary  for  pressures  up  to  3.0  mm.  . 

Mercury  is  forced  into  the  gage  until  its  height  in  the  largi 
tube  at  the  side  is  about  the  same  as  that  of  the  top  of  the  capil 
lary.  When  a  reading  is  to  be  made,  mercury  is  forced  up  inti 
the  instrument  and  the  levels  of  the  liquid  in  the  capillary  and  n 
the  large  tube  are  measured  on  a  millimeter  scale  without  allowini 
either  column  to  fall  and  without  tapping  the  tubing.  Thi 
operation  is  repeated  several  times,  using  different  positions  o 
the  mercury,  and  using  each  set  of  readings  to  calculate  the  pres 
sure.  The  average  of  these  individual  values  is  considered  to  b 
the  pressure  of  the  gas.  By  using  the  large  tube  instead  of  th 
adjacent  capillary  for  establishing  one  of  the  mercury  levels, 
source  of  error  due  to  sticking  of  mercury  is  eliminated.  It  i 
necessary  to  apply  a  correction  for  capillary  repulsion  and  stickm 
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in  the  tube  at  the  top  of  the  gage.  The 
amount  of  this  correction  is  easily 
measured  when  the  system  is  highly 
evacuated  by  observing  the  levels  of 
the  mercury  menisci  at  different  posi¬ 
tions. 

The  authors  have  found  this 
correction  substantially  constant 
over  several  months.  It  should  be 
confirmed  occasionally  to  detect 
changes  which  may  occur. 

A  piece  of  graph  paper  placed  be¬ 
hind  the  tubing  of  the  gage  is  used  as 
the  millimeter  scale  and  one  of  the 
heavy  marks  is  placed  on  the  same 
level  as  the  top  of  the  bore  in  the 
capillary  measuring  tube.  This  pro¬ 
cedure  results  in  determinations  of 
the  pressure  which  are  reproducible 
to  within  0.5%  at  2  X  ICY3  mm.  and 
to  a  slightly  greater  accuracy  -  at 
higher  pressures.  The  absolute  error 
is  probably  somewhat  larger  than 
this. 

Traps  D  and  E  are  filled  with  ac¬ 
tivated  charcoal  of  a  type  suitable 
for  the  adsorption  of  gases.  Coco¬ 
nut  charcoal  and  a  granular  grade 
of  wood  charcoal  made  from  com¬ 
pressed  sawdust  have  been  used  with 
equally  good  results.  I 

Trap  D  contains  20  grams  of  char¬ 
coal,  while  E  holds  only  4  grams 
packed  in  5-mm.  layers  between 

Iieets  of  copper  gauze  which  press 
;ainst  the  inner  wall  of  the  glass 
lib.  The  metal  is  used  to  allow 
e  temperature  of  the  charcoal 
be  changed  rapidly.  Both  traps 
ay  be  cooled  by  immersion  in 
iuid  oxygen  or  some  other  cold 
[uid. 

Vessels  F,  G,  and  H  are  sections  of 
ron  pipe  21  mm.  in  internal  diam¬ 
eter,  and  42,  29,  and  18  cm.  long, 
respectively.  They  contain  calcium 
urnings  and  are  closed  at  the  ends 
by  steel  disks  attached  by  silver 
solder.  Each  piece  of  pipe  is  placed 
vithin  a  section  of  a  three-unit  split 
electric  furnace  of  the  type  commonly  used  for  the  analysis  of 
irganic  compounds.  Ends  of  the  pipe  project  far  enough  from 
:he  heating  units  to  prevent  melting  of  the  solder.  A  35-cm. 
ength  of  6.35-mm.  outside  diameter  Monel  metal  tubing  leads 
rom  the  iron  pipe  to  the  glass  portion  of  the  system.  The  metal 
:o  glass  seal  is  made  with  Picein  cement. 

Of  the  two  mercury  vapor  diffusion  pumps,  I  is  used  to  evacu- 
ite  the  system  and  J  to  transfer  the  gas  during  the  analytical 
operations. 

The  measuring  bulb,  M,  which  has  a  volume  of  517.3  cc.,  is 
ised  to  measure  a  gas  sample  as  it  is  introduced  into  the  fraction- 
iting  column,  L.  A  capillary  tube  of  small  volume  connects  M 
o  L.  The  rubber  tubing  connecting  bulbs  N  and  .1/  has  a  heavy 
vail  and  is  long  enough  to  permit  a  pressure  of  2  atmospheres  to 
oe  established  within  M.  Heavy  rubber  bands  hold  the  plugs  of 
stopcocks  C9  and  Clt>  in  place. 

Mercury  is  used  as  the  liquid  in  buret  *4,  manometer  K,  and 
oulbs  M  and  N .  All  glass  is  Pyrex  brand.  Most  of  the  tubing 
uis  an  internal  diameter  of  7  mm.  and  the  stopcocks  other  than 
7i,  C.,  and  C10_are  the  6-mm.  bore  vacuum  type  manufactured  by 
he  Eck  and  Krebs  Company,  New  York. 

Auxiliary  equipment  includes  a  Leeds  &  Northrup  Type  K 
Potentiometer  for  use  with  the  thermocouple  used  to  determine 
he  temperature  of  the  bath  surrounding  trap  E  and  a  small 
Bausch  &  Lomb  spectrometer  with  a  constant  deviation  prism  to 
rbserve  the  spectrum  of  the  gas  compressed  into  the  capillary  of 
he  McLeod  gage. 

A  detailed  diagram  of  L  is  shown  in  Figure  2.  This  column  is 
imilar  to  those  of  Podbielniak  (30)  and  others,  but  is  designed  to 
listill  a  liquefied  gas  of  high  nitrogen  content.  The  whole 
•olumn  is  shielded  by  a  tall  slender  Dewar  vessel  which  is  strip- 
ilvered  to  permit  visibility.  A  tube  of  4-mm.  internal  diameter, 
packed  with  a  closely  fitting  spiral  of  No.  20  B.  &  S.,  gage 
s  ichrome  wire,  comprises  the  actual  fractionating  column.  At 
he  bottom  of  the  tube  is  a  cylindrical  bulb  of  1.6-cm.  internal 


diameter  and  18-ml.  capacity  which  contains  a  drip  indicator  at 
the  end  of  the  column.  The  whole  of  the  distilling  bulb  and  the 
lower  79  cm.  of  the  column  tube  are  thermally  insulated  by  a 
vacuum  jacket  whose  outer  wall  is  a  glass  tube  of  2.3-cm.  internal 
diameter.  The  walls  of  the  jacket  above  the  bulb  are  silvered. 
At  the  top  of  the  column  is  a  60-ml.  reservoir  for  liquid  oxygen. 
A  single  tube  leading  to  the  reservoir  is  used  to  introduce  the 
liquid  refrigerant  and  to  remove  the  gaseous  oxygen  set  free  by 
evaporation.  Vaporized  oxygen  may  escape  into  the  atmosphere 
either  directly  and  at  atmospheric  pressure  or  indirectly  through 
two  Hyvac  oil  pumps,  connected  in  parallel.  It  is  necessary  to 
use  the  pumps  when  nitrogen  is  being  distilled  under  a  pressure 
in  the  range  of  1  to  1.5  atmospheres. 

A  small  electrical  heater  made  from  a  spiral  of  Nichrome  wire, 
located  at  the  bottom  of  the  boiler  bulb,  is  connected  to  leads  of 
No.  24  enameled  copper  wire  which  enter  the  column  through 
Picein  seals  near  the  top  and  pass  down  through  the  center  of  the 
tube.  A  rheostat  regulates  the  current  through  the  heater  to  a 
value  which  gives  the  desired  reflux  rate. 

The  volume  of  the  system  enclosed  by  stopcocks  Ci,  C2,  C3,  Cs, 
C6,  C7,  and  Cs  is  close  to  1030  cc. — the  average  of  the  values  1031, 
1029,  1029,  and  1031  obtained  by  adding  measured  quantities  of 
dry  air  to  the  system  from  the  gas  buret,  A.  After  adding  the 
air,  the  pressure  in  the  system  was  measured  using  the  manom¬ 
eter  of  the  gas  buret.  When  calculating  the  volume  of  the 
system  from  this  pressure,  corrections  were  made  for  the  air  re¬ 
maining  in  the  buret  and  in  the  tube  of  the  McLeod  gage  below 
the  bulb.  As  an  independent  check  on  the  volume,  all  parts  of 
the  system  were  measured  whi  le  the  apparatus  was  being  assem¬ 
bled.  The  total  volume  so  obtained  was  1024  cc.  An  additional 
6  cc.  of  volume  could  easily  be  present  as  a  result  of  the  glass 
blowing  where  tubing  was  sealed  together. 

PRELIMINARY  OPERATIONS 

The  apparatus  is  prepared  for  use  by  pumping  gas  from  the 
system  while  heating  the  charcoal  traps  and  the  pipes  containing 
calcium.  The  former  are  heated  to  about  200°  C.  and  the  latter 
to  about  710°  to  850°  C.  This  pumping  is  continued  until  most 
of  the  gases  and  vapors  have  been  removed. 

The  following  are  used  as  tests  of  sufficient  pumping:  (a) 
After  closing  stopcocks  C\,  C3,  C4,  Cs,  C 6,  and  Cg  and  pumping  un¬ 
til  the  pressure  within  the  system  remains  constant,  C7  is  closed 
and  the  heating  of  the  charcoal  trap,  E,  is  stopped.  As  the  trap 
cools  to  room  temperature,  the  pressure  within  the  system  should 
fall  to  ICY4  mm.  of  mercury  or  less.  (6)  The  system  is  pumped 
while  Ci,  C2,  C3,  C4,  and  Cg  are  closed  and  C5  and  C6  are  open. 
During  the  pumping  operation  the  calcium  ovens  remain  at  a 
bright  red  heat  and  the  pressure  within  the  system  gradually 
falls  to  about  ICY1  to  ICY2  mm.  of  mercury.  When  the  electric 
heater  units  are  turned  off  and  C7  is  closed,  the  pressure  falls 
rapidly.  If  it  drops  to  ICY3  mm.,  the  removal  of  gases  from  F  and 
G  is  considered  satisfactory,  (c)  In  the  case  of  the  calcium  in 
pipe  H,  heating  and  pumping  are  continued  many  hours.  The 
behavior  of  the  calcium  in  H  is  tested  by  evacuating  the  system 
to  a  McLeod  gage  pressure  of  about  10“  ®  mm.  with  Ci,  C2,  C3,  Cs, 
C6,  and  Cg  closed.  After  C7  is  also  closed  and  pumping  is  stopped, 
H  is  heated  to  about  710°  C.  This  causes  a  little  gas  to  be  set 
free  from  the  calcium.  The  heater  unit  on  H  is  then  turned  off, 
and  the  calcium  cools  slowly  to  room  temperature.  Unless  the 
pressure  indicated  by  the  McLeod  gage  falls  to  8  X  ICY5  mm.  or 
below,  the  heating  and  pumping  process  is  continued. 

Trap  D  is  ready  for  use  after  pumping  while  heating  for  only 
about  0.5  hour.  Only  the  helium  and  neon  need  to  be  com¬ 
pletely  removed. 

After  vessels  E  and  H  have  been  conditioned  for  use,  care  is 
taken  to  avoid  contamination  of  the  reagents  by  air  and  other 
crude  mixtures  of  gases. 

ANALYTICAL  DETERMINATIONS 

1.  Total  Content  of  Helitjm  Group  Gases.  The  gas  to  be 
tested  is  dried,  and  a  sample  is  measured  in  gas  buret  A,  the  vol¬ 
ume  chosen  being  such  that  the  noble  gas,  when  occupying  1030 
ml.,  will  have  a  pressure  between  ICY3  and  3  X  10“ 2  mm.  Usu¬ 
ally  a  2.5-ml.  sample  is  satisfactory. 

After  the  system  is  evacuated  and  all  stopcocks  except  Cg  and 
Cs  are  closed,  gas  is  admitted  from  the  buret.  The  active  gases 
are  absorbed  by  the  calcium  at  about  800°  C.  in  F  and  G  until  the 
pressure  becomes  nearly  constant.  Usually  2  or  3  hours  are 
allowed  for  this  step,  but  a  shorter  time  is  sometimes  sufficient. 
F  and  G  are  allowed  to  cool  to  room  temperature.  If  the  pressure 
does  not  fall  below  3  X  ICY2  mm.,  the  heating  is  continued. 


Figure  2.  Fractionating 
Column 
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When  it  becomes  apparent  that  the  calcium  in  F  and  G  will 
absorb  very  little  more  gas,  the  heating  is  discontinued,  and  the 
diffusion  pump,  J,  is  used  to  pump  all  the  gas  into  the  upper  part 
of  J.  Ci  and  C 6  are  then  closed  and  C4  is  opened.  The  operation 
of  J  is  stopped,  and  the  gas  is  allowed  to  diffuse  throughout  the 
system.  The  remaining  trace  of  active  gas  reacts  with  hot  cal¬ 
cium  at  about  700°  C.  in  H.  As  the  cleanup  progresses,  the 
temperature  of  H  is  decreased  slowly  over  about  30  minutes  by 
changing  the  setting  of  the  rheostat  in  series  with  the  heater  unit. 
Finally  the  electricity  is  turned  off  and  H  cools  in  about  1  hour 
nearly  to  room  temperature.  As  soon  as  the  tube  becomes  cool, 
the  pressure  of  the  gas  within  the  system  is  carefully  measured, 
using  the  McLeod  gage.  From  this  pressure  is  subtracted  a 
small  correction  term  which  is  the  pressure  of  the  reactive  gas 
(probably  hydrogen)  remaining  unabsorbed  by  the  calcium. 
The  difference  is  considered  to  be  the  pressure  of  the  rare  gas. 
The  size  of  the  correction  term  depends  upon  the  length  of  time 
spent  pumping  gas  from  the  hot  calcium  and  varies  from  3  X  10"5 
to  8  X  10 ~ 6  mm.  This  term  is  determined  before  starting  each 
run  by  measuring  the  gas  pressure  which  remains  after  the  system 
has  been  evacuated  to  a  pressure  of  about  10" 6  mm.  and  the  cal¬ 
cium  in  H  has  been  heated  to  700°  C.  and  subsequently  allowed 
to  cool  nearly  to  room  temperature.  This  same  procedure  is  used 
to  establish  the  correction  term  used  in  connection  with  the  other 
determinations  described  below.  Duplicate  determinations  of 
the  term  agree  within  1  X  10“ 5  mm. 

From  the  pressure  of  the  mixture  of  noble  gases,  the  volume 
and  temperature  of  the  system,  and  the  original  volume  of  the 
sample,  the  per  cent  by  volume  of  noble  gas  in  the  sample  being 
analyzed  is  calculated. 

2.  Helium  Plus  Neon  in  a  Gas  of  High  Helium  Content. 
Gas  remaining  from  the  above  determination  is  used  in  this  pro¬ 
cedure. 

Trap  E  is  cooled  by  immersion  in  a  bath  of  liquid  oxygen  or 
nitrogen  and  stopcock  Ci  is  opened  to  allow  the  gases  other  than 
helium  and  neon  to  become  adsorbed.  Adsorption  occurs  rapidly 
and  appears  to  be  complete  within  about  15  minutes.  After 
waiting  about  30  minutes,  diffusion  pump  J  is  operated  for  5  to  10 
minutes  to  pump  all  the  helium  and  neon  from  E.  Ci  is  then 
closed,  J  is  turned  off,  and  II  is  heated  to  700°  C.  II  is  then 
allowed  to  cool  nearly  to  room  temperature  and  the  pressure  of 
the  gas  remaining  in  the  system  is  measured  and  used  to  calculate 
the  per  cent  by  volume  of  helium  plus  neon. 

In  most  natural  gases  of  high  helium  content,  this  element  is 
very  much  more  abundant  than  neon.  One  may  easily  find  out 
whether  much  neon  is  present  by  compressing  the  gas  with  the 
McLeod  gage  to  a  pressure  of  about  1  mm.  When  a  spark  is 
caused  to  pass  through  the  gas  by  holding  the  metal  end  of  an 
ordinary  electric  leak  tester  near  the  upper  end  of  the  capillary 
of  the  McLeod  gage,  the  light  produced  by  helium  is  yellow. 
This  color  is  changed  toward  the  red  when  neon  is  present;  only 
a  small  proportion  of  neon  is  required  to  cause  the  light  from  the 
spark  to  be  orange.  If  the  spectrum  is  observed  with  a  direct- 
vision  spectroscope,  some  red  lines  may  be  readily  observed 
when  the  gas  mixture  contains  only  1  %  neon  by  volume.  If  the 
red  lines  are  not  detected,  this  determination  of  helium  plus  neon 
is  for  aU  practical  purposes  a  determination  of  helium  only. 

3.  Helium  Plus  Neon  in  a  Gas  of  Low  Helium  Content. 
If  a  gas — for  example,  air — has  a  much  smaller  content  of  helium 
and  neon  than  of  argon,  procedure  2  is  not  satisfactory,  for  the 
pressure  of  helium  plus  neon  is  too  low  to  be  measured  accurately. 
It  is  preferable  that  the  pressure  of  the  rare  gas  be  over  10"  * 
mm. 

If  the  content  of  helium  plus  neon  is  low,  a  second  determina¬ 
tion  is  made  using  a  larger  sample  of  the  gas  being  tested.  This 
sample  is  measured  in  the  gas  buret  and  its  volume  is  chosen  to 
give  a  final  pressure  of  helium  plus  neon  in  the  system  of  about 
10“ 3  to  2  X  10“ 2  mm.  In  the  case  of  air,  a  sample  having  a 
volume  between  50  and  1000  ml.  is  satisfactory.  After  thor¬ 
oughly  evacuating  the  system  and  closing  all  stopcocks  except  C3, 
the  sample  is  introduced,  and  Ci  is  closed.  Trap  D  is  then  cooled 
by  liquid  oxygen  or  nitrogen  and  the  decrease  in  pressure  within 
the  system  is  followed  by  using  the  McLeod  gage.  When  the 
pressure  becomes  constant,  diffusion  pump  J  is  used  to  pump  all 
the  gas  into  the  upper  part  of  J.  C3  is  then  closed,  J  is  turned  off, 
and  Ci  is  opened.  The  charcoal  in  trap  E  is  cooled  by  liquid 
oxygen  or  nitrogen,  and  the  gas  is  allowed  to  stand  for  i5  to  30 
minutes,  or  until  there  is  no  further  decrease  in  pressure.  J  is 
used  to  transfer  all  the  free  gas  into  the  upper  part  of  J.  After 


closing  Ci,  J  is  turned  off,  C4  is  opened,  and  H,  which  has  been 
previously  heated  to  700°  C.,  is  allowed  to  cool  nearly  to  room 
temperature.  The  pressure  of  the  gas  is  now  measured,  and  from 
it  is  subtracted  the  correction  term  representing  the  pressure  of 
the  reactive  gas  remaining  unabsorbed  by  calcium.  From  this 
corrected  pressure,  the  room  temperature,  and  the  volume  of  the 
system,  one  calculates  the  volume  of  helium  plus  neon  and  uses 
this  quantity  to  calculate  the  per  cent  by  volume  of  the  mixture  of 
these  two  elements  in  the  original  sample  of  gas. 

4.  Neon.  No  satisfactory  procedure  for  determining  this 
element  has  been  developed  during  this  research.  The  difficulty 
arises  from  the  fact  that  activated  charcoal  must  be  cooled  to 
—  225°  C.  or  below  to  bring  about  the  quantitative  adsorption  of 
neon  (11,  27).  The  authors  have  been  unsuccessful  in  their  ef¬ 
forts  to  reach  a  temperature  this  low  by  pumping  from  a  bath  of 
evaporating  nitrogen.  A  temperature  low  enough  to  cause  the 
adsorption  of  about  80%  of  the  neon  was  reached,  however,  and 
two  very  crude  determinations  of  the  element  were  made  in  nat¬ 
ural  gases  of  small  helium  content.  The  method  for  separating 
neon  from  helium  failed  completely  for  gases  of  a  He/Ne  ratio 
above  100. 

5.  Argon  Plus  Krypton  Plus  Xenon.  This  determination 
is  made  immediately  following  the  determination  of  total  helium 
group  gas  and  of  helium  plus  neon  by  procedures  1  and  2. 

At  the  conclusion  of  procedure  2,  the  helium  and  neon  are 
pumped  from  the  system.  Cj  and  C4  are  then  closed  and  Co  is 
opened.  With  E  at  room  temperature,  the  gas  in  the  system  is 
pumped  into  the  top  of  J,  the  period  of  pumping  being  about  30 
minutes.  After  closing  C2,  J  is  turned  off.  C.  is  opened,  allowing 
the  gas  to  diffuse  into  H,  which  has  been  previously  heated  to 
redness.  After  a  few  minutes,  the  heating  of  H  is  discontinued 
and  the  tube  is  allowed  to  cool  nearly  to  room  temperature.  The 
pressure,  temperature,  and  volume  of  the  gas  remaining  in  the 
system  are  now  used  to  calculate  the  volume,  at  standard  condi¬ 
tions,  and  the  per  cent  by  volume  of  argon  plus  krypton  plus 
xenon.  In  all  samples  which  have  been  tested,  this  quantity  is 
essentially  the  same  as  the  argon  content  only. 

If  the  volumes  have  been  measured  correctly,  the  percentage  of 
total  rare  gas  (procedure  1)  should  be  equal  to  the  percentage  of 
helium  plus  neon  (procedure  2  or  3)  plus  the  percentage  of  argon 
plus  krypton  plus  xenon  (procedure  5). 

6.  Krypton  Plus  Xenon.  Before  starting  this  determina¬ 
tion,  the  supply  of  calcium  turnings  in  tubes  F  and  G  is  renewed, 
if  necessary,  and  gas  is  pumped  from  the  new  turnings  in  the 
manner  previously  described. 

Gases  are  also  pumped  from  E  until  it  is  certain  that  the  helium 
group  gases  have  been  thoroughly  removed.  Ci  is  then  closed. 
The  fractionating  column,  L,  is  evacuated  to  a  pressure  of  about 
1  mm.  and  C»  is  closed. 

L  is  prepared  for  operation  by  adding  enough  liquid  oxygen  to 
fill  the  Dewar  vessel  about  halfway  to  the  top.  Liquid  oxygen  is 
poured  through  a  funnel  into  the  reservoir  at  the  top  of  the  column 
and  gaseous  oxygen  is  then  pumped  from  the  inlet-outlet  tube  to 
lower  the  temperature  in  the  head  of  the  column.  While  the  gas 
is  being  condensed,  as  well  as  during  distillation,  it  is  occasionally 
necessary  to  replenish  the  supply  of  liquid  oxygen  in  the  reservoir. 

The  gas  to  be  analyzed  is  dried,  freed  from  carbon  dioxide,  and 
collected  in  measuring  bulb  M.  From  here  it  is  forced  into  the 
fractionating  column,  where  it  condenses  and  flows  into  the  dis¬ 
tilling  bulb.  Under  a  pressure  of  about  2  atmospheres,  air  may 
be  easily  condensed  and  collected  as  a  liquid  in  the  bulb.  The 
first  liter  of  gas  requires  about  0.5  hour  to  become  condensed,  for 
the  liquid  flowing  down  the  tube  continually  evaporates  until  the 
interior  of  the  column  grows  cold.  After  the  first  liter  has  been 
condensed,  further  gas  may  usually  be  added,  as  rapidly  as  the 
gas-measuring  bulb  can  be  filled  and  emptied.  The  size  of  the 
sample  suitable  for  an  analysis  depends  upon  the  krypton  plus 
xenon  content  of  the  gas.  If  the  sample  contains  over  10“ 3  cc. 
but  less  than  3  X  10" 2  cc.  of  these  gases,  the  procedure  gives 
satisfactory  results.  In  practice,  samples  ranging  from  1.5  to  18 
liters  have  been  used.  Most  of  the  samples  of  natural  gas  had  a 
volume  of  2.5  or  3  liters. 

A  gas  of  high  helium  content  is  difficult  to  condense  because  the 
column  becomes  filled  with  gaseous  helium.  The  difficulty  may 
be  overcome  by  alternately  raising  and  lowering  the  leveling  bulb 
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attached  to  M,  thereby  causing  gas  alternately  to  flow  into  and 
out  from  the  fractionating  column.  It  is  sometimes  necessary, 
however,  to  discard  some  helium  from  the  column  before  the 
whole  sample  can  be  introduced.  Before  discarding  helium  by 
opening  stopcock  C»  for  a  short  time,  the  leveling  bulb  is  raised 
and  lowered  several  times  until  no  further  condensation  seems  to 
occur.  This  procedure  permits  substantially  all  the  krypton  and 
xenon  to  condense  in  the  column. 

If  the  gas  which  has  been  condensed  does  not  contain  as  much 
as  2.5  liters  of  gaseous  methane,  this  substance  is  now  added  until 
at  least  2.5  liters,  free  from  krypton  and  xenon,  are  present.  The 
gas  for  this  research  has  been  prepared  from  methyl  iodide  using 
the  Grignard  reaction. 

C t  is  now  closed,  and  a  current  of  about  1  ampere  is  passed 
through  the  Nichrome  heating  coil  in  the  condensed  liquid  in  the 
column.  This  current  is  somewhat  less  than  that  which  causes 
flooding  in  the  fractionating  column.  The  boiling  of  the  liquefied 
sample  and  the  return  of  the  condensate  to  the  boiler  can  be 
observed  through  the  slit  in  the  strip-silvered  Dewar  flask. 

After  refluxing  has  been  in  progress  for  several  minutes,  C'a  is 
opened  just  enough  to  allow  the  gas  to  escape  slowly  into  the 
apparatus  and  through  CV  and  C'n  into  the  atmosphere.  As 
nitrogen  distills,  manometer  K  indicates  a  pressure  of  1.2  to  1.7 
atmospheres.  During  this  stage,  a  constant  reflux  of  about  3 
drops  per  second  of  liquid  nitrogen  is  maintained  and  the  gaseous 
nitrogen  distillate  is  withdrawn  at  a  rate  of  8  to  10  liters  per  hour. 
As  the  last  of  the  nitrogen  distills,  the  pressure  indicated  by  K 
falls  rapidly,  and  when  it  reaches  about  one  atmosphere,  C'n  is 
closed  and  the  Hyvac  forepump  is  started.  Oxygen,  if  present, 
now  distills,  and  as  the  last  of  it  passes  away  the  pressure  again 
falls.  The  temperature  at  the  head  of  the  column  is  allowed  to 
rise  to  the  boiling  point  of  oxygen  at  atmospheric  pressure,  and 
the  distillation  is  continued  at  a  reduced  rate  of  take-off  of  gas. 
As  the  methane  distills,  K  indicates  a  pressure  of  about  100  mm. 
No  special  flowmeter  is  needed  to  measure  the  rate  of  take-off 
from  the  column.  With  Ci  completely  opened,  the  flow  rate  can 
be  measured  simply  by  means  of  the  McLeod  gage.  The  greater 
the  rate  of  flow,  the  higher  the  pressure  indicated  by  the  gage. 
Distillation  of  methane  is  continued  until  1  to  1.5  liters  of  the  gas 
have  been  discarded.  C%  is  then  closed  and  the  system  is  evacu¬ 
ated  to  a  pressure  below  10  5  mm.  C\  is  closed  and  C 5,  C6,  and  C\ 
are  opened. 

As  the  distillation  has  been  in  progress  tubes  F  and  G  have  been 
heated  to  about  800°  C.  As  the  gas  enters  these  tubes  it  is 
absorbed  by  the  hot  calcium.  After  most  of  the  gas  has  become 
absorbed,  the  temperature  of  F  and  G  is  lowered  to  about  700°  C. 
to  reduce  the  rate  of  oxidation  of  the  iron  by  air,  and  the  appa¬ 
ratus  is  allowed  to  stand  overnight.  By  the  next  morning  all 
liquid  has  evaporated  from  the  distilling  bulb  of  the  fractionating 
column,  and  the  pressure  in  the  system  has  fallen  to  about  0.1  to  1 
mm.  When  the  heating  of  F  and  G  is  discontinued,  the  pressure 
normally  falls  to  about  3  X  10-2  mm.  and  it  is  possible  to  operate 
pump  J  to  collect  the  gas  in  J.  Ca  is  now  closed  and  the  pump  is 
turned  off. 

The  pressure  of  the  gas  in  the  apparatus  is  measured,  and  F  and 
G  are  again  heated  to  about  800°  C.  and  allowed  to  cool.  If  the 
pressure  is  lowered  appreciably  by  the  action  of  the  hot  calcium 
heating  and  cooling  are  repeated  until  the  pressure  remains  un¬ 
changed.  The  gas  is  now  pumped  into  J,  and  Ca  and  C6  are 
closed.  As  the  gas  diffuses  back  into  the  system  from  J,  Ca  is 
opened  to  allow  red  hot  calcium  in  H  to  absorb  active  gases  which 
■emain.  As  H  cools  the  pressure  falls  nearly  to  that  of  the  noble 
?as  in  the  system.  This  noble  gas  is  a  mixture  of  krypton  and 
tenon  with  a  small  amount  of  argon  and/or  helium.  Traces  of 
.he  latter  gases  remain  even  when  a  very  high  reflux  ratio  is 
naintained  as  methane  is  removed  from  the  fractionating  column. 
Normally  there  is  much  more  argon  than  helium,  but  when  a 
ratural  gas  of  high  helium  content  is  distilled,  an  appreciable 
imount  of  this  element  is  found  in  the  krypton  plus  xenon  frac¬ 
tion. 

To  complete  the  determination,  use  is  made  of  a  technique 
similar  to  that  of  Peters  and  Weil  (29)  to  remove  the  remaining 
irgon  and  helium  from  the  krypton.  The  charcoal  in  E  is  cooled 
vi th  liquid  oxygen  and  the  gas  allowed  to  become  adsorbed  during 
ibout  1  hour  or  until  there  is  no  further  drop  in  pressure  in  the 
system.  The  trap  is  then  placed  in  a  bath  of  alcohol  or  ether 
leld  at  a  temperature  of  —101°  to  —99°  C.  and  after  waiting  for 
10  minutes  pump  J  is  set  in  operation.  After  pumping  has  con- 
,inued  for  10  minutes,  C2  is  closed  and  J  is  turned  off.  The  gas 
n  the  system  is  cleaned  up  by  hot  calcium  in  H,  and  the  pressure 
)f  the  noble  gas  pumped  off  in  the  10-minute  period  is  measured. 

There  now  follows  a  repetition  of  three  or  four  pumping  cycles 
•onducted  according  to  a  regular  plan,  each  cycle  requiring  1  hour. 
[Yap  E  is  first  warmed  with  warm  water  for  10  minutes  to  allow 
-he  gases  to  become  desorbed  from  the  charcoal.  As  this  goes  on, 

A  is  closed  and  the  heater  on  H  is  turned  on.  E  is  dried  and  then 


cooled  with  liquid  oxygen  for  10  minutes.  The  trap  is  then  im¬ 
mersed  in  alcohol  held  at  — 101 0  to  —99°  and  while  this  tempera¬ 
ture  is  maintained,  J  is  turned  on.  After  the  trap  has  been  kept 
in  the  bath  for  20  minutes,  C2  is  opened  and  is  kept  open  for  10 
minutes.  The  stopcock  is  again  closed  and  J  is  turned  off.  C« 
is  now  opened  to  allow  the  gas  to  come  into  contact  with  hot 
calcium  and  after  a  few  minutes  the  electric  heater  for  tube  H  is 
turned  off.  When  H  has  cooled  for  10  minutes,  the  pressure 
within  the  system  is  measured. 

This  cycle  is  repeated  until  a  graph  of  the  pressure  of  the 
pumped-off  gas  plotted  against  the  number  of  periods  of  pumping 
shows  a  linear  relationship.  A  straight  line  is  then  drawn  through 
the  points  showing  this  behavior  and  the  line  is  extended  to  the 
axis  corresponding  to  no  pumping.  The  pressure  at  which  the 
line  intersects  the  axis  is  taken  as  the  pressure  of  the  argon  and 
helium  removed  by  pumping.  It  has  been  the  authors’  experi¬ 
ence  that  two  periods  of  pumping  result  in  the  removal  of  nearly 
all  the  argon  from  the  charcoal.  Two  or  three  more  cycles 
establish  the  rate  of  removal  of  krypton. 

Trap  E  is  now  held  at  about  50°  C.  foi-  at  least  2  hours  while 
gas  is  pumped  into  the  upper  part  of  J.  C2  is  then  closed,  J  is 
turned  off.  Tube  H  is  heated  to  redness  and  is  then  allowed  to 
cool  nearly  to  room  temperature.  The  pressure  of  gas  in  the 
system  is  measured  carefully  and  the  temperature  is  observed. 
The  difference  between  this  pressure  and  the  pressure  of  the  argon 
and  helium  pumped  off  at  —100°  is  considered  to  be  the  pressure 
of  krypton  plus  xenon.  This  value  is  used  to  calculate  the  vol¬ 
ume  and  the  per  cent  by  volume  of  krypton  plus  xenon. 

ORIGIN  OF  SOME  OF  THE  ABOVE  METHODS 

Rayleigh  and  Ramsay  ( S3 )  were  the  first  to  isolate  and  measure 
crude  argon  by  chemically  absorbing  the  other  gases  of  the  atmos¬ 
phere.  The  first  to  use  hot  metallic  calcium  as  the  absorbing 
agent  was  Moissan  (17).  Soddy  (39)  contributed  greatly  to  the 
understanding  of  the  process. 

Chlopin  and  Lukasuk  (5)  used  a  modified  McLeod  gage  to 
measure  helium,  and  a  few  years  later  Paneth  and  Peters  (23,  24) 
introduced  their  micromethod  which  uses  the  usual  form  of  this 
instrument.  The  methods  of  the  latter  authors  and  of  Peters  and 
Weil  (29)  have  been  extensively  copied  in  developing  the  pro¬ 
cedures  described  in  the  present  paper. 

The  quantitative  adsorption  of  gases  other  than  helium,  neon, 
and  hydrogen  upon  activated  charcoal  was  discovered  by  Dewar 
(8)  in  1904  and  was  first  used  by  Cady  and  McFarland  (3)  as  a 
means  for  determining  helium  in  natural  gases.  This  method 
has  been  used  successfully  and  extensively  by  a  large  number  of 
investigators. 

Although  helium  was  separated  from  neon  by  selective  adsorp¬ 
tion  upon  activated  charcoal  many  years  ago  (31),  the  conditions 
for  making  a  quantitative  separation  of  this  type  were  first 
learned  by  Peters  (27). 

When  both  “helium”  and  “argon”  have  been  determined  in 
gases  it  has  been  common  practice  to  determine  the  total  rare  gas 
and  then  to  determine  the  “helium”  by  adsorbing  the  other  gas 
on  cold  activated  charcoal.  Such  a  procedure  was  first  used  by 
Moureu  and  Biquard  (21). 

The  separation  of  argon  from  krypton  and  xenon  by  fractional 
desorption  from  activated  charcoal  at  —120°  C.  was  first  de¬ 
scribed  by  Valentiner  and  Schmidt  (40).  Several  years  later 
Peters  and  Weil  (29)  found  that  the  temperature  of  charcoal 
could  be  as  high  as  —  93  °  C.  without  a  great  loss  of  krypton. 

Although  fractional  distillation  is  commonly  used  industrially 
for  the  separation  of  the  rare  gases  (16),  its  use  for  the  determi¬ 
nation  of  these  elements  in  moderate  sized  samples  of  gas  is  novel. 

ANALYSIS  OF  AIR 

As  the  procedures  which  have  been  described  were  being  de¬ 
veloped,  numerous  samples  of  air  were  analyzed.  At  first  this 
was  done  to  establish  the  validity  of  the  Methods,  but  as  the 
work  approached  completion  careful  determinations  of  helium 
plus  neon  and  of  krypton  plus  xenon  were  made,  the  purpose 
being  to  increase  the  certainty  with  which  these  quantities  are 
known. 
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Table  I  contains  data  which  were  taken  after  the  procedures 
had  been  worked  out. 

The  best  literature  values  for  these  three  quantities  are: 

Total  rare  gas  0.935%,  the  average  of  eight  determinations  by 
Schloesing  (86),  individual  values  ranging  from  0.9325  to 
0.9369%;  0.9335%,  the  average  of  nine  determinations  by 

Moissan  (17),  individual  values  ranging  from  0.9323  to  0.9366%. 

Helium  plus  neon  0.00236%  bv  Watson  (41);  0.00219%  by 
Paneth,  Peterson,  and  Chloupek  (25);  0.00222%  by  Gerlmg  (9, 
10);  0.0020%  by  Claude  (6). 

Krypton  plus  xenon  0.00011  =*=  0.00001%  by  Moureu  and 
Lepape  (22);  0.000116  ±  0.00001%  by  Damkohler  (7);  and 
0.000152  ±  0.000016%  by  Brody  and  Korosy  (2).  (The  latter 
value  is  obtained  by  adding  the  probable  percentage  of  xenon  to 
the  value  1.44  X  10I. * * 4%  krypton  reported  by  these  authors.) 


Table  I  indicates  that  the  methods  of  the  present  research  can 
be  used  in  these  three  determinations  with  fairly  good  reproduci¬ 
bility.  It  is  probable  that  the  average  values  for  the  second  and 
fourth  columns  are  correct  to  within  1%  of  the  percentage  as 
given.  The  error  in  the  determination  of  krypton  plus  xenon 
may  be  somewhat  greater.  In  the  determination  of  the  total  rare 
gas,  the  value  of  0.937%  should  be  considered  inferior  to  the  av¬ 
erage,  0.934%,  of  the  data  of  Schloesing  (36)  and  Moissan  (17). 
Determinations  of  helium  plus  neon  and  of  krypton  plus  xenon  as 
given  in  the  fourth  and  sixth  columns  are  at  least  as  precise  as 
any  others  which  have  been  published  and  help  to  recognize  the 
better  of  the  conflicting  old  values. 

The  determinations  of  helium  plus  neon  by  Paneth,  Peterson, 
and  Chloupek  (25)  and  by  Gerling  (10)  are  probably  somewhat  on 
the  low  side  because  of  adsorption  of  neon  by  activated  charcoal  at 
the  temperature  of  liquid  air.  The  older  value  of  Watson  (41) 
appears  to  be  superior.  He  gives  the  helium  content  of  the  at¬ 
mosphere  as  1  part  in  185,000  and  the  neon  content  as  1  part  in 
55,000,  corresponding  to  0.00054  and  0.00182%  by  volume,  re¬ 
spectively.  Another  old  value,  that  of  Claude  (6),  is  low.  He 
subjected  a  large  amount  of  air  to  fractional  distillation  and  found 
0.0005  and  0.0015%  by  volume,  respectively,  for  helium  and  neon. 


Table 

1.  Content  of  Heliu 

m  Group  Gases  in  Dry  Air 

Total  Rare  Gas 

Helium  +  Neon 

Krypton 

+  Xenon 

Volume  of 

Volume  of 

Volume  of 

sample 

sample 

sample 

used,  ml. 

%  by 

used,  ml. 

%  by 

used,  ml. 

%  by 

at  S.T.P. 

volume 

at  S.T.P. 

volume 

at  S.T.P. 

volume 

1.002 

0.941 

50.43 

0.00233 

1.024  X  HP 

‘  0.000119 

2.640 

0.933 

256.2 

0.00232 

1.83  X  104 

0.000122 

0.278 

0.942 

461.5 

0.00230 

1.68  X  104 

0.000119 

2.615 

0.929 

666.0 

0.00234 

2.581 

0.935 

. . . 

2.599 

0.946 

Av. 

0.937 

0.00232 

0.000120 

The  krypton  plus  xenon  content  of  the  atmosphere  determined 
in  the  present  research  agrees  well  with  that  reported  by  Dam¬ 
kohler  (7)  and  fairly  well  with  that  of  Moureu  and  Lepape  (22). 
Since  the  three  independent  investigations  are  in  agreement,  the 
higher  value  of  Brody  and  Korosy  (2)  is  probably  incorrect. 

Combining  the  data  of  the  present  research  with  those  of  other 
investigators  leads  to  the  conclusion  that  the  content  of  the  rare 
gases  other  than  emanation  in  dry  air  is  as  indicated  in  Table  II. 

The  list  of  references  given  has  been  critically  selected,  choos¬ 
ing  only  those  determinations  which  appear  to  be  the  most  ac¬ 
curate.  Without  doiibt,  all  these  gases  will  eventually  be  deter¬ 
mined  with  greater  precision,  but  the  one  most  in  need  of  further 
study  at  present  is  helium.  Most  of  the  uncertainty  in  the  neon 
content  of  the  atmosphere  is  due  to  the  indefinite  knowledge  of 
the  percentage  of  helium. 


ANALYSES  OF  NATURAL  GASES 

Samples  of  several  natural  gases  have  been  analyzed  using  the 
procedures  described.  Gases  of  high  nitrogen  content  were 
chosen,  because  they  seemed  most  likely  to  be  rich  in  the  helium 
group  elements.  All  determinations  were  made  with  care,  and 
each  result  as  given  in  Table  III  is  probably  correct  to  one  less 
significant  figure  than  is  written.  A  possible  exception  pertains 
to  the  percentages  of  krypton  plus  xenon;  these  analyses  were 
made  before  the  procedure  for  separating  the  last  traces  of  argon 
from  krypton  plus  xenon  had  been  fully  developed,  and  the  values 
in  the  table  may  be  somewhat  too  high.  When  air  was  analyzed 
by  the  same  technique,  percentages  of  krypton  plus  xenon  rang¬ 
ing  from  0.00014  to  0.00015  by  volume  were  found. 

Determinations  of  oxygen,  carbon  dioxide,  combustible  gases, 
and  residual  “nitrogen”  were  made  using  ordinary  Orsat  type 
equipment  and  procedures  (Table  III). 


Element 

Helium 

Neon 

Argon 

Krypton 

Xenon 


Table  II.  Helium  Group  Gases  in  Dry  Air 


Percentage 
Probably  Correct 

%  by  Volume  to  Within:  Literature  References 


0.0005 

0.0018 

0.932 

0.000110 

0.000008 


0.0001  .  (1,  6,  41) 

0.0001  (6,  10,  25,  41),  this  research 

0.001  ( 14,17,36 ) 

0.000006  (2,  7,  22),  this  research 

0.000003  (7,22) 


I.  Gas  from  Rattlesnake  No.  1G  well  of  the  Rattlesnake  Field 
in  San  Juan  County,  N.  M.  Sample  taken  March  20,  1944; 
gas  comes  from  the  Ouray  of  Mississippiom  sand  at  a  depth  of 
7004  feet. 

II.  Gas  from  Bitlabito  No.  1  well  of  the  Bitlabito  Field  in 
San  Juan  County,  N.  M.  Samples  taken  March  13  and.Novem- 
ber  5,  1944.  This  is  a  poor  well,  the  gas  accompanying  water 
from  a  depth  of  810  to  900  feet. 

III.  Gas  from  Bivins  No.  A2  well  of  the  Cliffside  Field  near 
Amarillo,  Tex.  The  gas  comes  from  the  Panhandle  Big  Lime  of 
the  Permian  age  at  a  depth  of  3208  feet. 

IV.  Gas  from  Bivins  No.  A3  well  of  the  Cliffside  Field  near 
Amarillo,  Tex.  The  gas  comes  from  the  Blaine  Formation  of  the 
Permian  age  at  a  depth  of  740  feet. 

V.  Casinghead  gas  from  the  Bates  No.  10  well  in  the  Rock 
Crossing  Field,  Wilbarger  County,  Tex.  The  gas  comes  from  the 
Ellenburger  lime  at  a  depth  of  3805  feet.  Collected  October  10, 
1941. 

VI.  Gas  sample  from  the  high-pressure  residual  gas  fine  of  the 
Mankins  Plant  of  the  Phillips  Petroleum  Company.  The  sample 
was  taken  June  18,  1941,  while  the  plant  was  processing  gas  from 
the  K.M.A.  Field,  Tex. 

VII.  Gas  from  the  Olsen  No.  1 A  well  located  a  few  miles  south 
of  Russell,  Kan.  The  gas  comes  from  the  Kansas  City  Limestone 
at  a  depth  of  3060  feet.  Sample  collected  in  August,  1940. 

VIII.  Gas  from  the  Dobson  No.  2  well  at  Dexter,  Kan.  Col¬ 
lected  in  April,  1940. 

IX.  Gas  from  the  Harvey  well  in  the  Elkhorn  Valley  in  the 
Northeastern  part  of  Nebraska. 

X.  Casinghead  gas  from  the  Phillips  No.  2  Deroin  Well,  Easl 
Watchorn  Field,  Pawnee  County,  Okla.  Producing  from  the 
Wilcox  sand  at  3900  feet  depth. 

As  a  check,  samples  I  and  III  have  been  analyzed  in  the  labora¬ 
tory  of  the  Amarillo  Helium  Plant  of  the  United  States  Bureau  ol 
Mines. 

I.  CO,,  2.2%;  02,  0.4%;  CH4,  12.0%;  C,H6,  3.1%;  He. 
7.76%;  residual  nitrogen,  82.3%,  which  includes  the  helium  and 
argon. 

III.  CO,,  0.7%;  O,,  0.5%;  CH4,  60.9%;  C,H6,  11.3%;  He, 
1.81%;  residual  nitrogen,  including  rare  gases,  26.6%. 

Except  for  the  determination  of  C02  in  sample  I,  there  is  gooc 
agreement  of  these  data  with  those  in  Table  III.  The  Bureau  ol 
Alines’  value  for  helium  in  sample  II  is  5.86. 

The  gas  reported  as  Kr  +  Xe  in  Table  III  was  in  each  cast 
mostly  krypton,  as  judged  by  visual  spectroscopic  examination. 
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Table  III.  Composition  of  Gases  in 

Com- 

Per  Cent  by  Vol 

ume 

Sample 

co2 

02 

bustible 

N2 

He 

Ne 

A 

Kr  +  Xe 

1 

3.20 

0.40 

15.10 

72.9 

7.55 

a 

0.890 

0.000033 

Ili- 

0.30 

0.40 

40.20 

52.6 

6.00 

a 

0.530 

0.000054 

III 

0.80 

0.50 

72.10 

24.7 

1.73 

a 

0.196 

0.000055 

IV 

1.50 

1.40 

0.00 

96.8 

0.047 

0.00080 

0.290 

0.000082 

V 

0.00 

0.70 

68.40 

30.6 

0.19 

<  0.001 

0. 124 

0.000036 

VI 

0.25 

1.20 

88.50 

10.0 

0.052 

a 

0.0356 

0.000017 

VII 

0.50 

0.70 

70.10 

28.0 

0.55 

a 

0. 140 

0.000053 

VIII' 

2.20 

a 

0.078 

IX 

6.70 

i.io 

0.20 

97.0 

0.074 

0.0020 

0.93 

X 

0.00 

0.48 

75.1 

24.1 

0.305 

a 

0.035 

0.00000066 

“  So  little  Ne  was  present  that  its  spectrum  was  not  observed  visually  in  the  sam¬ 
ple  of  He  +  Ne. 

*  Data  for  COz,  O2,  combustible  gases,  and  N2  furnished  by  Amarillo  Helium 
Plant  of  U.  S.  Bureau  of  Mines. 

'  Analyzed  only  for  He  and  A.  Judging  from  previous  analyses  of  gas  from  the 
same  field,  composition  is  about  0.0%  CO2,  0.1%  O2,  15%  combustible  gases,  and 
83%  Nj. 


None  of  the.gases  tested  contained  more  neon,  argon,  krypton, 
or  xenon  than  air.  One  cannot  conclude  that  North  American 
natural  gases  rich  in  these  elements  are  nonexistent,  but  the  pos¬ 
sibility  seems  sufficiently  remote  to  make  a  continuation  of  the 
survey  a  poor  gamble.  The  relative  proportions  of  the  different 
noble  gases  other  than  helium  are  approximately  the  same  as  in 
the  atmosphere.  In  this  respect  the  gases  resemble  the  large 
number  of  samples  from  European  wells,  springs,  and  mines 
tested  by  Moureu  and  Lepape  (19,  20). 

The  most  interesting  sample  tested  is  I  which,  in  addition  to  its 
surprisingly  high  helium  content,  is  abnormally  rich  in  argon. 
In  proportion  to  the  argon,  the  krypton  content  is  low,  the  ratio 

J£r  j  ^$£0 

- - being  only  about  30%  of  the  same  ratio  for  air. 

DISCUSSION 

The  procedures  for  determining  total  helium  group  gases  and 
neon  plus  helium  as  described  are  reliable  and  moderately  rapid. 
A  total  time  of  5  hours  is  adequate  for  running  the  two  determi¬ 
nations.  One  could  probably  reduce  this  to  2  or  3  hours  as  a  rou¬ 
tine  method.  The  procedure  for  krypton  plus  xenon  is  also  reli¬ 
able  and  as  accurate  as  any  method  previously  described.  It  is, 
however,  a  time-consuming  process  which  requires  8  to  10  man¬ 
hours  of  work  and  a  total  elapsed  time  of  24  hours  or  more. 

If  one  wishes  to  run  complete  rare  gas  analyses  on  a  routine 
basis,  he  should  investigate  the  possibility  of  using  one  or  more 
physical  methods  of  analysis — for  example,  some  form  of  mass 
spectometer  might  be  used  rapidly  and  successfully  to  determine 
each  noble  gas  in  the  mixture  of  these  elements  isolated  from  the 
initial  sample.  Hippie  (13)  reports  that  such  an  instrument  has 
been  used  to  analyze  the  gas  taken  from  electron  tubes. 

Desorption  from  activated  charcoal  held  at  definite  and  con¬ 
trolled  temperatures  works  very  nicely  for  removing  helium  and 
neon  from  the  heavier  gases,  but  is  more  difficult  to  use  for  sep¬ 
arating  argon  from  krypton  and  xenon.  The  conditions  for  sep¬ 
arating  these  elements  have  been  described  by  Valentiner  and 
Schmidt  (40)  and  by  Peters  and  Weil  (28,  29).  The  work  of 
Peters  and  Weil  is  the  more  thorough;  as  the  result  of  a  study  of 
adsorption  isotherms,  they  conclude  that  argon  can  be  quantita¬ 
tively  separated  from  krypton  and  xenon  by  adsorbing  a  mixture 
of  these  gases  upon  cold  activated  charcoal.  If  the  temperature 
of  the  carbon  is  then  held  at  —93°  to  —100°  C.,  argon  may  be 
quantitatively  removed  by  pumping  with  a  diffusion  type  pump, 
leaving  all  the  krypton  and  xenon  on  the  charcoal.  The  corre¬ 
sponding  temperature  at  which  one  may  pump  away  krypton, 
leaving  all  the  xenon  on  the  charcoal,  is  given  as  about  —80°  C. 
These  procedures  have  been  shown  by  the  inventors  to  be  satis¬ 
factory  for  the  analysis  of  mixtures  containing  approximately 
equal  amounts  of  the  different  gases.  The  authors  *were  unsuc¬ 
cessful,  however,  in  attempts  to  analyze  crude  argon  from  air  by 
this  method  and  found  that  the  procedure  needed  further  de¬ 
velopment. 


Two  factors  make  the  quantitative  separation  of  argon 
from  krypton  by  desorption  from  charcoal  at  about 
— 100 0  C.  difficult :  Some  krypton  is  removed  with  the 
argon,  and  the  rate  of  desorption  of  argon  becomes  ex¬ 
tremely  slow  after  most  of  this  gas  has  been  removed. 
As  a  consequence,  a  continued  removal  of  gas  by  pumping 
fails  to  desorb  all  the  argon  and  carries  away  an  appre¬ 
ciable  fraction  of  the  krypton.  A  short  pumping  period 
is  desirable  in  order  to  minimize  loss  of  krypton. 

The  authors  have  modified  the  procedure  of  Peters  and 
Weil  by  measuring  the  amount  of  krypton  desorbed  and 
greatly  reducing  the  pumping  time  required  for  the  quan¬ 
titative  removal  of  argon  from  cold  activated  charcoal. 
The  cyclic  technique  described  under  procedure  6  ac¬ 
complishes  these  changes.  The  amount  of  krypton 
pumped  off  in  each  cycle  is  measured  and  the  total 
time  of  pumping  is  reduced  by  loosening  the  most 
tightly  adsorbed  portion  of  the  argon.  After  each  period  of 
pumping,  the  argon  is  desorbed  by  warming  the  charcoal.  When 
the  gas  is  again  adsorbed  argon  may  be  rapidly  pumped  away 
for  another  10-minute  period.  Three  10-minute  cycles  permit 
quantitative  desorption  of  a  small  sample  of  gaseous  argon.  An 
equally  complete  removal  of  argon  in  a  single  step  requires  several 
hours  of  pumping. 

The  slow-  desorption  of  the  last  portion  of  a  sample  of  argon  is 
illustrated  by  an  experiment  in  which  14.3  ml.  of  the  gas  were 
adsorbed  upon  8.5  grams  of  activated  charcoal  at  —183°  C. 
After  the  gas  had  become  completely  adsorbed,  the  temperature 
of  the  charcoal  was  increased  and  held  between  —99.5°  and 
—  103.5°  C.  while  argon  was  pumped  awray.  The  gas  was  re¬ 
moved  rapidly  at  first,  but  the  rate  decreased  to  a  very  low  value 
within  2  hours.  A  total  pumping  period  of  7  hours  w-as  used. 
During  the  last  2.5  hours  only  0.015  ml.  of  gas  was  removed,  in 
spite  of  the  fact  that  as  much  as  0.21  ml.  remained  adsorbed. 
This  rate  of  desorption  is  many  times  smaller  than  that  w-hich  is 
found  when  one  starts  to  remove  a  recently  adsorbed  sample  of 
argon. 

Samples  of  argon  were  adsorbed  0:1  the  8.5-gram  sample  of 
charcoalat  —183°  C.  The  carbon  w-as  warmed  to  about  —100°  C. 
and  held  at  this  temperature  while  argon  was  pumped  off  for  a 
10-minute  period. 


Volume  of  argon  gas  adsorbed,  ml.  X  10" 
Fraction  removed  in  10  minutes,  % 


3.07 

88 


3.42 

85 


3.55 

85 


17.2 

80 


Measurements  similar  to  these  have  been  made  to  determine 
the  fraction  of  krypton  removed  from  the  charcoal  held  at  about 
—  100°  C.  during  a  10-minute  pumping  period. 


Volume  of  krypton  gas  adsorbed,  ml.  X  10  “2 
Fraction  removed  in  10  minutes,  % 


1.24 

2.6 


1.70 

2.4 


2.07 

2.7 


These  data  indicate  that  three  cycles  each  containing  a  10- 
minute  pumping  period  should  remove  99%  of  the  argon  and 
leave  about  92%  of  the  original  krypton  still  adsorbed  on  the 
charcoal. 


One  who  is  familiar  w-ith  common  methods  for  analyzing  gases 
under  atmospheric  pressure  is  inclined  to  feel  that  the  authors’ 
procedures  do  not  provide  for  a  sufficient  circulation  of  the  gas 
over  the  active  reagents,  and  may  propose  that  a  circulating 
pump  be  installed.  The  w-eak  point  in  his  reasoning  is  that  he 
does  not  realize  how-  rapidly  gases  circulate  by  diffusion  while 
under  low  pressures.  The  low-pressure  technique  has  been  used 
by  several  others,  who  have  found  circulation  by  diffusion  to  be 
adequate. 

As  an  added  bit  of  experimental  evidence  the  authors  have 
measured  the  rate  of  adsorption  of  argon  upon  the  activated  char¬ 
coal  in  trap  E,  both  w-hen  the  gas  is  pure  and  when  it  is  mixed 
with  helium.  The  carbon  was  held  at  a  temperature  of  — 183°  C. 
and  the  initial  pressure  of  argon  in  the  system  was  9.6  X  1Q~3 
mm.  Runs  were  made  with  helium  present  in  sufficient  amount 
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to  exert  a  pressure  of :  0.019,  0.0079,  and  0.0000  mm.  Although 
the  presence  of  helium  appeared  to  retard  the  adsorption  a  little, 
the  effect  was  not  greater  than  the  experimental  error.  Even  in 
the  absence  of  helium,  adsorption  of  argon  was  a  rather  slow  proc¬ 
ess  and  the  presence  of  helium  up  to  a  pressure  of  0.02  mm.  did 
not  interfere  seriously.  One  half  of  the  argon  was  adsorbed  in 
2.0  minutes  and  three  fourths  in  3.5  minutes.  The  time  required 
for  substantially  complete  adsorption  was  about  20  minutes. 

While  developing  the  procedure  for  determining  krypton  plus 
xenon,  several  unsuccessful  attempts  were  made  to  separate 
these  two  gases  from  each  other  by  fractional  distillation. 

A  mixture  of  air  or  atmospheric  nitrogen  was  distilled  with 
about  3  hters  of  gaseous  methane  and  2  liters  of  carbon  tetra- 
fluoride.  Carbon  tetrafluoride  boils  at  —128°  C.,  between  the 
boiling  points  of  krypton  and  xenon.  Before  testing  the  pro¬ 
cedure  it  was  believed  that  this  substance  would  carry  over  the 
krypton  in  the  distillate  and  leave  the  xenon  behind  in  the  liquid. 
As  the  distillation  proceeded,  the  last  part  of  the  methane  and  the 
first  part  of  the  carbon  tetrafluoride  to  distill  were  collected  and 
allowed  to  react  with  hot  calcium.  This  fraction  was  thought  to 
contain  the  krypton  but  no  xenon.  The  residual  carbon  tetra¬ 
fluoride  remaining  in  the  still  was  thought  to  contain  xenon  but 
almost,  no  krypton.  In  each  run  the  krypton  fraction  contained 
an  amount  of  noble  gas  corresponding  to  about  0.00014  to 
0.00015%  of  the  original  sample  of  air  and  most  of  the  gas  was 
krypton.  The  rare  gas  in  the  supposed  xenon  fraction  contained 
little  krypton  but  also  very  little  xenon;  it  was  nearly  pure  argon. 
This  argon  was  probably  held  on  the  walls  of  the  glass  and  was, 
therefore,  not  removed  by  fractional  distillation. 

It  was  definitely  established  that  xenon  was  carried  over  with 
the  krypton  in  this  procedure  by  working  with  the  residue  remain¬ 
ing  after  the  evaporation  of  some  commercial  liquid  oxygen. 
When  this  was  distilled,  the  volume  of  rare  gas  in  the  krypton 
fraction  was  7.8  ml.  and  the  volume  of  rare  gas  (mostly  argon)  in 
the  supposed  xenon  fraction  was  only  0.018  ml.  The  volume  of 
xenon  should  have  been  about  0.5  ml. 

The  failure  of  this  method  may  be  easily  explained.  When  a 
mixture  of  methane  and  carbon  tetrafluoride  is  liquefied,  two 
liquid  phases  are  obtained.  In  the  course  of  the  distillation  there 
must  be  a  time  when  the  refluxing  liquid  in  the  upper  part  of  the 
column  is  methane  and  in  the  bottom  portion  is  carbon  tetrafluo¬ 
ride.  The  liquid  methane  is  many  degrees  colder  than  the  car¬ 
bon  tetrafluoride  and  seems  to  be  the  liquid  in  which  both  the 
xenon  and  the  krypton  are  the  more  soluble.  Both  krypton  and 
xenon  are,  therefore,  concentrated  in  the  top  of  the  column.  As 
the  last  of  the  liquid  methane  evaporates  these  rare  gases  are  car¬ 
ried  along  in  the  gas  stream. 
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Determination  of  Sodium  and  Potassium 
in  Silicates,  Addendum 

The  following  note  was  inadvertently  omitted  from  the  article 
“Determination  of  Sodium  and  Potassium  in  Silicates”,  by 
Marvin  and  Woolaver  [Ind.  Eng.  Chem.,  Anal.  Ed.,  17,  554 
(1945)]. 

The  present  paper  and  all  results  were  obtained  without  knowledge 
of  work  performed  by  Lundell  and  Knowles  reported  in  an  article, 
“The  Analysis  of  Soda-Lime  Glass”  [J.  Am.  Ceram.  Soc.,  10,  829 
(1927)  ].  On  page  849  of  this  paper  the  following  sentences  are  signifi¬ 
cant:  “The  most  promising  rapid  methods  for  determination  of 
alkalies  in  soda-lime  glass  appear  to  be  those  based  on  attack  with 
hydrofluoric  and  perchloric  acids  followed  by  evaporation  to  dryness 
and  careful  heating  to  convert  the  perchlorates  to  oxides  and  chlorides. 
Such  an  attack  should  leave  the  RjOj  group  as  oxides,  the  alkaline 
earths  as  basic  chlorides,  and  the  alkalies  as  chlorides.”  Preliminary 
results  based  on  this  outlined  procedure  are  given.  Further  work 
was  proposed  on  this  method  of  analysis,  but  there  appear  to  be  no 
other  results  in  the  literature  by  Lundell  and  Knowles  up  to  the 
present  time. 


Lamp  Method  for  Determination  of  Hydrogen 
in  Liquid  Org  anic  Compounds 

S.  G.  HINDIN  AND  A.  V.  GROSSE,  Houdry  Laboratories,  Houdry  Process  Corporation  of  Pennsylvania,  Linwood,  Pa. 


This  paper  proposes  a  lamp  method  for  the  determination  of  hydro- 
gen  in  liquid  organic  compounds,  especially  saturated  hydrocarbons. 
The  analysis  of  a  series  of  pure  compounds,  ranging  in  volatility 
from  diethyl  ether  to  cetane  and  containing  from  10  to  16%  hydro¬ 
gen,  indicated  an  average  accuracy  of  0.03%  hydrogen  and  an 
average  precision  of  0.02%  hydrogen.  Analysis  of  known  mix¬ 
tures  gave  results  of  similar  reliability.  The  suggested  technique 
does  not  give  the  same  accuracy  with  compounds  burning  with  a 
smoky  flame.  A  special  burner  for  such  materials  will  be  described. 

THERE  was  need  for  a  simple,  reliable,  and  accurate  method 
for  the  determination  of  hydrogen  in  saturated  hydrocarbons, 
as  a  means  of  estimating  the  paraffin  and  naphthene  content  of 
gasolines.  The  usual  procedure  in  analyzing  organic  materials  for 
hydrogen  is  some  modification  of  the  Liebig  combustion,  wherein 
the  sample  is  burned  in  air  or  oxygen  and  the  vapors  are  passed 
over  cupric  oxide  or  lead  chromate.  However,  the  accuracy  of  the 
combustion  procedure,  as  a  routine  method,  is  only  of  the  order 
0.1  to  0.2%  hydrogen  and  very  careful  technique,  especially  in 
handling  volatile  liquids,  is  required. 

Since  gasolines  are  essentially  hydrocarbon  in  nature,  these 
analyses  stress  only  the  determination  of  hydrogen  content — the 
procedure  is  sufficiently  accurate  so  that  the  carbon  content  may 
be  determined  by  difference. 

The  simple  technique  of  the  sulfur  lamp  method  ( 1 )  was 
adapted  to  the  determination  of  hydrogen  in  liquid  organic  mate¬ 
rials.  Briefly,  the  procedure  consists  in  burning  the  sample  with 
air  at  the  end  of  a  cotton  wick  and  collecting  the  water  formed  in 
the  combustion  by  a  desiccant.  This  procedure  offers  several  ad¬ 
vantages  over  any  of  the  usual  combustion  techniques. 

The  Liebig-type  combustion  calls  for  a  high  order  of  analytical 
technique  when  liquid  samples  are  handled.  Furthermore,  with 
highly  volatile  materials,  rather  involved  modifications  of  pro¬ 
cedure  are  needed.  The  present  method  is  simple  and  does  not 
require  a  highly  skilled  analyst.  (In  the  petroleum  industry,  the 
lamp  method  is  a  routine,  plant  laboratory  procedure.)  The 
rate  of  combustion  is  easily  controlled,  even  for  low-boiling  ma¬ 
terials.  By  merely  varying  the  number  of  wicks  in  the  burner, 
and  cooling  the  sample  in  an  ice  bath,  the  entire  range  of  vola¬ 
tilities  from  diethyl  ether  to  cetane,  a  Ci»  paraffin,  may  be  covered 
with  no  change  in  procedure. 

The  Liebig-type  combustion  consumes  a  large  amount  of 
analyst  time.  The  time  for  a  single  determination  varies  from 


3 


/  \ 


nl 


AIR 

INLET 


LAMP  AND 
CHIMNEY 


ABSORPTION 

TUBE 


Figure  1.  Diagram  of  Apparatus 


some  1.5  to  perhaps  6  hours,  as  in  the  case  of  the  procedure  (£) 
adopted  in  Army-Navy  aviation  gasoline  specifications  for  deter¬ 
mination  of  hydrogen  content,  with  an  average  over-all  time  of  4 
to  6  hours.  Of  this,  about  half  is  operator  time.  The  lamp 
method  requires  an  over-all  time  of  some  2.5  to  3  hours  for  a 
single  determination;  of  this,  however,  less  than  30  minutes  is 
actual  analyst  time.  Thus,  an  analyst  can  run  some  3  or  4 
determinations  simultaneously.  In  the  lamp  method,  tedious 
weighings  of  absorption  vessels  to  constant  weight  are  avoided. 
For  a  single  analysis,  only  4  weighings  are  made:  the  sample- 
containing  vessel  before  and  after  the  run  and  the  absorpt  ion  tube 
before  and  after  the  run.  These  weighings  are  carried  out  only 
to  the  nearest  milligram. 

The  accuracy  of  results  obtained  by  the  lamp  method,  as  a 
routine  procedure,  is  of  the  order  of  0.03%  hydrogen,  absolute. 
The  average  deviation  of  repeated  analyses  from*  the  mean  is 
about  0.02%  hydrogen. 

The  technique  described  below  is  not  recommended  for  com¬ 
pounds  burning  with  a  smoky  flame.  A  modification  of  the  pro¬ 
cedure  for  such  compounds  will  be  described  later. 


EXPERIMENTAL 


The  apparatus  shown  in  Figure  1  is  the  standard  lamp  burner 
and  chimney  used  in  the  A.S.T.M.  D90-41T  procedure,  for  sul¬ 
fur  determinations,  except  that  the  tube  leading  from  the  chimney 
is  cut  off  about  2.5  cm.  (1  inch)  from  the  chimney  and  a  30-cm. 
(12-inch)  length  of  glass  tubing,  about  7  mm.  in  inside  diameter,  is 
sealed  on  at  a  right  angle  to  the  chimney.  This  is  then  attached 
through  a  short  length  of  rubber  tubing  to  an  absorption  tube. 
The  air  inlet  on  the  chimney  is  not  used,  and  is  closed  off  with  a 
policeman.  The  compressed  air  used  in  the  combustion  is  puri¬ 
fied  by  passage  through  calcium  chloride  and  phosphorus  pent- 
oxide.  The  absorption  tube  is  filled  in  this  manner:  1.25-cm. 
(0.5-inch)  layer  of  glass  wool;  5-cm.  (2-inch)  layer  of  12-mesh 
calcium  chloride;  1.25-cm.  (0.5-inch)  layer  of  glass  wool;  1.9-cm. 
(0.75-inch)  layer  of  phosphorus  pentoxide;  glass  wool  to  the  top 
of  the  trap.  One  filling  is  sufficient  for  the  absorption  of  some  10 
grams  of  water.  The  absorption  tube  is  cooled  in  an  ice  bath 
during  the  run. 

To  make  a  determination,  the  weighed  absorption  tube  is  con¬ 
nected  to  the  chimney  tube  and  immersed  in  an  ice-water  bath. 
A  short  length  of  glass  tubing  is  connected  to  the  exit  tube  of  the 
absorber  (to  prevent  any  possible  diffusion  of  water  vapor  back 
into  the  tube).  The  burner  is  then  threaded  with  the  cotton 
wicks,  the  number  of  strands  used  depending  on  the  volatility  of 
the  sample — for  example,  with  cyclohexane,  six  wicks  were  used; 
with  cetane,  four  wicks;  and  with  diethyl  ether,  nine  wicks.  The 
air-inlet  tube  of  the  burner  is  stoppered  with  a  policeman,  as  is 
the  inside  tube  containing  the  wicks.  Five  to  10  ml.  of  sample 
are  then  put  in  the  flask,  the  burner  is  inserted,  and  the  whole  is 
quickly  weighed  (to  =t  1  mg.) .  The  lamp  is  brought  to  the  appa¬ 
ratus,  the  policemen  removed,  the  air  line  connected,  the  burner 
lighted  (using  a  microburner)  as  soon  as  the  liquid  reaches  the  top 
of  the  wick,  and  the  air  pressure  adjusted  so  that  the  flame  is 
maintained  beneath  the  smoking  point.  The  burner  is  then  in¬ 
serted  in  the  chimney. 

From  this  point  on,  the  combustion  requires  no  further  atten¬ 
tion  on  the  part  of  the  operator.  After  a  period  of  1  to  1.5  hours 
(or  longer  if  desired),  the  lamp  is  quickly  removed  from  the 
chimney,  stoppered  with  the  policemen  as  before,  and  weighed. 
The  absorption  bulb  is  removed,  wiped  with  cheesecloth,  and 
allowed  to  stand  until  it  reaches  room  temperature,  when  it  is 
weighed  (to  ±1  mg.). 

The  per  cent  hydrogen  is  calculated  from  the  formula: 


%  hydrogen  = 


weight  of  H2Q  absorbed 
weight  of  sample  burned 


X  11.191 


(using  the  value  1.0080  for  the  atomic  weight  of  hydrogen). 


A  few  specific  points  may  be  noted  in  this  procedure: 

For  volatile  samples,  such  as  ether  or  cyclohexane,  the  flask 
containing  the  sample  is  maintained  in  an  ice  bath  during  the  run. 
For  more  volatile  materials,  a  dry  ice-acetone  bath  may  be  used. 
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When  the  flask  has  been  cooled  during  the  combustion,  the  cooling 
bath  is  removed  some  10  minutes  or  so  before  the  end  of  the  run, 
and  the  flask  is  dried  with  a  cloth  while  still  in  the  chimney  and 
allowed  to  come  to  room  temperature  before  being  removed. 

With  nonvolatile  samples,  there  is  a  tendency  for  moisture  to 
condense  in  the  tube  before  reaching  the  absorber,  because  less 
sample  is  burned  in  a  given  time  and  the  heat  of  combustion  is 
insufficient  to  raise  the  entire  chimney  tube  to  a  temperature  of 
100°  C.  To  prevent  this,  a  30-cm.  (12-inch)  length  of  Nichrome 
wire,  B.  &  S.  No.  22,  is  loosely  wrapped  around  the  chimney  tube 
and  connected  to  a  Variac;  sufficient  current  is  supplied  to  main¬ 
tain  the  tube  at  slightly  over  100°  C. 

The  phosphorus  pentoxide  in  the  absorption  tube  serves  a  dual 
purpose.  It  is  used  primarily  to  trap  any  small  amounts  of  water 
that  may  have  escaped  the  calcium  chloride,  and  it  also  indicates 
any  incomplete  combustion,  with  consequent  formation  of  un¬ 
saturates,  by  a  decided  darkening.  A  faint  coloration  in  the 
phosphorus  pentoxide  may  be  disregarded. 

The  sample  being  analyzed  must,  of  course,  be  dry.  With 
hydrocarbons,  filtration  through  filter  paper  and  use  of  calcium 
chloride  or  other  drying  agents  are  usually  sufficient. 

The  above  procedure  involves  a  definite,  though  slight,  error. 
The  actual  amount  of  the  error  may,  however,  be  precisely  deter¬ 
mined  and  corrected  for.  It  arises  from  the  fact  that  a  measurable 
time  elapses  between  lighting  the  wick  and  inserting  it  in  the  chim¬ 
ney,  and  between  removing  the  flask  after  the  run  and  stoppering 
it.  The  total  time  involved  is  of  the  order  of  10  to  20  seconds, 
and  should  be  noted  for  each  analysis.  A  correction  to  the  results 
may  then  be  applied  in  this  manner: 

Let:  t  =  time  for  the  complete  analysis,  in  seconds 
s  =  time  lost,  as  noted  above,  in  seconds 
w  =  grams  of  water  absorbed 
y  =  grams  of  sample  burned 


As  may  be  noted,  the  only  change  in  refractive  index  occurs  in 
the  gasolines;  however,  the  average  change  is  only  ±0.0004  unit 
and,  since  these  samples  contained  components  boiling  below 
room  temperature,  a  variation  of  this  amount  is  well  within  the 
actual  handling  error. 

Actual  results  of  analyses  on  known  mixtures  are  given  in 
Table  III. 

DISCUSSION 

The  method  presented  is  simple  and  the  technique  may  be 
quickly  learned  by  a  moderately  skilled  analyst.  No  elaborate 
apparatus  is  used  and  little  operator  time  per  analysis  is  required. 
There  is  no  difficulty  whatever  in  turning  out  six  to  eight  (or  even 
more)  analyses  in  an  8-hour  day. 

Although  all  the  authors’  work,  with  few  exceptions,  has  been 
with  hydrocarbons,  there  is  no  reason  why  the  procedure  in  its 
present  form,  or  a  slightly  modified  version,  should  not  be  equally 
applicable  to  a  wide  variety  of  organic  materials.  Thus,  for  high- 
boiling  liquids  (>300°  C.),  the  lamp  and  burner  may  be  heated, 
to  increase  the  rate  of  rise  of  sample  in  the  wick.  In  the  case  of 
molecules  containing,  say,  sulfur,  the  water  formed  may  be 
trapped  in  a  freezing  bath,  preferably  liquid  nitrogen,  and  the 
sulfur  oxides  determined  by  the  usual  chemical  procedures. 

As  an  interesting  sidelight  on  the  purity  of  the  water  formed  in 
the  combustion,  samples  of  n-heptane  and  iso-octane  were  burned 
and  the  water  was  collected  in  a  clean  receiver  cooled  in  dry  ice. 
The  densities  of  both  the  water  samples  were  0.9982  ±  0.0001 
grams  per  ml.,  at  20°  C.,  and  the  refractive  indices,  for  the  D  line 
at  20°  C.,  1.3329  ±0.0001,  in  exact  agreement  with  the  values  for 
pure  water. 


V) 

-  X  11.191  =  %H  (uncorrected) 

y 

The  correction  is: 

w  X  r— —  =  W  =  (grams  of  water,  corrected) 

i  S 


Then, 

W 

—  X  11.191  =  %  H  (corrected) 

To  take  an  actual  example,  2.111  grams  of 
heptane  gave  3.015  grams  of  water.  The  time 
of  the  run  was  1  hour  and  10  minutes,  and  the 
“lost”  time  was  20  seconds.  Then, 


3.015 

2.111 


X  11.191  =  15.98%  H  (uncorrected) 


3.015 


X 


4200 

4200  -  20 


3.029  grams  of  H20 


r1-  —  X  11.191  =  16.06%  H  (corrected) 

Ill 

For  the  average  analysis,  this  correction  is  of 
the  order  of  0.05%  hydrogen  or  less. 

The  results  obtained  in  the  analysis  of  pure 
compounds  are  indicated  in  Table  I. 


ANALYSIS  OF  MIXTURES 

Inasmuch  as  this  procedure  was  developed 
primarily  for  analysis  of  mixtures,  there  must  be 
no  fractionation  during  the  combustion.  With 
the  paraffin-naphthene  mixtures  handled  in  this 
laboratory,  measurement  of  refractive  index 
(Na-D  line,  at  20°  C.)  is  the  simplest  method  of 
determining  whether  or  not  any  change  in  com¬ 
position  has  occurred.  Table  II  indicates  the 
results  of  such  measurements  and  shows  that 
fractionation  does  not  take  place,  even  with 
mixtures  containing  components  of  widely 
differing  volatilities. 


Table  I.  Analysis  of  Pure  Compounds  for  Per  Cent  Hydrogen 


Time 


Amount 

Water 

of 

“Lost” 

H 

H 

H  Theo 

Material 

Burned 

Formed 

Run 

Time 

(Uncorrected) 

(Corrected) 

retical 

Grams 

Grams 

Min. 

Sec. 

% 

% 

% 

n-Heptane 

2.111 

3.015 

70 

20 

15.98 

16.06 

16.10 

3.977 

5.688 

105 

25 

16.00 

16.06 

7.890 

11.317 

180 

20 

16.05 

16.08 

16.07  ±  0.01 

Iso-octane 

2.970 

4.203 

110 

20 

15.83 

15.88 

'  15.88 

2.428 

3.406 

80 

20 

15.70 

15.77 

1.941 

2.742 

60 

10 

15.81 

15. 85 

15.83  ±  0.04 

Cyclohexane 

3.201 

4.091 

95 

25 

14.30 

14.36 

14.37 

3.327 

4.240 

90 

20 

14.26 

14.31 

14.34  ±0.03 

Methylcyclo- 

3.596 

4.600 

110 

25 

14.31 

14.36 

14.37 

hexane 

2.782 

3.548 

90 

20 

14.27 

14.32 

14.34  ±  0.02 

Cetane 

2.327 

3.141 

120 

10 

15.11 

15.13 

15.13 

1.649 

2.226 

75 

10 

15.11 

15. 14 

2.208 

2.973 

90 

20 

15.06 

15.12 

15.13  ±  0.01 

Ethyl  alcohol 

3.775 

4.418 

75 

10 

13.09 

13.12 

13.13 

4.333 

5.074 

75 

20 

13.10 

13.16 

13.14  ±  0.02 

Acetone 

5.044 

4.687 

90 

30 

10.40 

10.46 

10.41 

4.129 

3.847 

80 

20 

10.43 

10.47 

10.47  ±  0.01 

Ether 

7.019 

8.491 

70 

20 

13.54 

13.60 

13.60 

6.674 

8. 108 

70 

20 

13.59 

13.65 

13.63  ±  0.03 


The  purity  of  these  reagents  is  indicated  by  their  properties: 


n-Heptane 

Iso-octane 

Cyclohexane 

Methylcyclohexane 

Cetane 

Ethyl  alcohol 

Acetone 

Ether 


Refractive  Index, 

D  Line  at  20°  C.  Density,  20°  C.  Remarks 


1.3877  ±  0.0001  0.6837  ±  0.0001 
1.3914  ±  0.0001  0.6919  ±  0.0001 
1.4261  ±  0.0001  0.7782  ±  0.0001 
1.4230  ±  0.0001  0 . 7694  ±  0.0001 
1.4346  ±  0.0001  0.7739  ±  0.0001 


Certified  knock-rating  standard 
Certified  knock-rating  standard 
Melting  point,  5°  C. 


Publicker  Alcohol  Co. 

R.G. A. -General  Chemical  Co. 
R.G.A.-General  Chemical  Co. 


December,  1945 
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Table  II.  Measurement  of  Refractive  Indices  of  Mixtures 

Refractive  Index 


Boiling 

Most  and 
least 

Sample 

Range, 

volatile 

Original 

after 

Mixture  composition 

°  c. 

components 

sample 

burning 

Cyclohexane-iso-octane 

80-100 

1.4262 

1.3915 

1.4151 

1.4151 

Methylcyclohexane-n-heptane 

98-101 

1.3877 

1.4231 

1.4042 

1.4042 

Gasoline  cut 

100-125 

1.4107 

1.4107 

Aviation  gasoline,  A 

22-166 

1.37 

1.48 

1.4172 

1.4166 

Aviation  gasoline,  B 

22-166 

1.37 

1.48 

1.4135 

1.4139 

Motor  gasoline,  A 

24-215 

1.38 

1.49 

1.4329 

1.4333 

Motor  gasoline,  B 

24-215 

1.38 

1.49 

1.4290 

1.4286 

(Accuracy  =±= 

0.0002) 

Table  III. 

Analysis  of  Mixtures 

Hydrogen 

n-Heptane— methylcyclohexane  Actual 

% 

Determined 

% 

i 

14.90 

14.88  ±  0.04 

2 

15.18 

15.18  ±  0.01 

3 

15.48 

15.47  ±  0.05 

n-Heptane-benzene 

11.99 

12.02  ±  0.02 

Iso-octane— toluene 

11.67 

11.63 

Aviation  gasoline 

13.6  ±  0.1° 

13.73  ±  0.02 

Motor  gasoline 

12.9  ±  0. 1“ 

13.07  ±  0.04 

a  Analyzed  by  usual  carbon-hydrogen  combustion  procedure  ( 2 ). 


Aromatic  materials,  and  other  compounds  that  burn  with  a 
smoky  flame,  may  also  be  handled  by  making  a  quantitative  dilu¬ 
tion  with  a  pure  saturate  and  burning  the  mixture,  since  mixtures 
containing  as  much  as  50%  by  weight  of  aromatics  may  be  satis¬ 
factorily  analyzed.  The  composition  of  the  aromatic  may  then 
be  calculated  at  only  a  slight  decrease  in  accuracy. 

The  apparatus  described  is  crude  and  the  authors  have,  know¬ 
ingly,  left  it  in  that  condition  to  make  the  analysis  as  simple 'as 
possible.  For  greater  accuracy,  the  changes  indicated  here¬ 
with  may  be  made. 


Connections  should  be  through  ground  joints  rather  than  rub¬ 
ber  tubing.  Similarly,  ground-glass  caps  should  be  used  to  close 
off  the  burner  and  chimney. 

The  “lost”  time  correction  could  be  eliminated  by  setting  up  an 
electrical  ignition  system  in  the  chimney  for  lighting  the  wick,  to¬ 
gether  with  a  mechanical  arrangement  for  capping  the  burner 
before  removing  it  from  the  chimney. 

A  wick  of  asbestos  fiber,  with  a  platinum  tip,  may  be  used  to 
burn  the  samples. 

A  second  absorption  tube  may  be  connected  in  the  line  when 
burning  very  volatile  materials,  since,  at  the  high  air  velocity 
required  for  complete  combustion,  some  2  to  3  mg.  of  water  may 
carry  over  from  the  one  absorber. 

As  a  final  point,  weighings  may  be  carried  to  0.1  mg.  and 
correction  made  for  reduction  to  vacuum. 

As  indicated  above,  determination  of  per  cent  hydrogen  alone 
is  sufficient  for  proving  the  composition  of  hydrocarbons.  For 
this  reason,  the  authors  have  not  attempted  to  make  the  proce¬ 
dure  quantitative  for  carbon.  Some  preliminary  work  indicates 
about  98%  conversion  to  carbon  dioxide;  however,  by  minor 
changes  of  procedure  (such  as  use  of  oxygen  in  the  air  stream, 
oxidation  of  carbon  monoxide,  etc.)  the  method  should  prove  as 
accurate  for  carbon  determination  as  for  hydrogen. 

A  forthcoming  paper  will  deal  with  the  application  of  the  pro¬ 
cedure  to  the  determination  of  paraffins  and  naphthenes  in  gaso¬ 
lines,  and  will  indicate  some  of  the  types  of  problems  that  may 
be  solved  by  this  method. 
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Determination  of  4- Vinyl-1 -cyclohexene  (Butadiene  Dimerj 

in  Recycle  Styrene 

H.  A.  L AITINEN,  A.  S.  O'BRIEN1,  AND  STANLEY  WAWZONEK2,  William  Albert  Noyes  Laboratory,  University  of  Illinois,  Urbana,  III. 


Butadiene  dimer  is  determined  in  recycle  styrene  by  quantitatively 
polymerizing  the  styrene,  using  sodium  as  a  catalyst.  The  vinyl- 
cyclohexene  is  determined  by  the  iodine  chloride  method.  The 
method  is  sensitive  to  0.2%  vinylcyclohexene  and  is  accurate  to 
about  ±0.2%  (absolute)  over  a  range  of  1  to  20%  vinylcyclo¬ 
hexene. 


THE  determination  of  butadiene  dimer  in  recycle  styrene  is 
of  interest  not  only  in  determining  the  purity  of  the  recycle 
material  but  also  in  allowing  more  accurate  material  balances  in 
the  polymerization  process.  The  vinylcyclohexene  is  steam- 
distilled  together  with  the  recycle  styrene  in  the  latex  stripping 
operation,  and  therefore  the  butadiene  recovery  is  decreased  and 
the  styrene  recovery  is  increased  by  the  dimer  formation. 

Chemical  methods  tried  in  the  past  have  been  unsuccessful 
because  of  the  similar  reactivities  of  the  two  compounds  towards 

1  Present  address,  Eastman  Kodak  Company,  Rochester,  N.  Y. 

2  Present  address,  Department  of  Chemistry,  State  University  of  Iowa, 
Iowa  City,  Iowa. 


addition  agents.  Since  styrene  shows  much  greater  reactivity  in 
polymerization  and  vinyl  group  reduction  reactions,  the  possi¬ 
bility  of  removing  the  interference  of  styrene  by  reduction  to 
ethylbenzene  or  by  polymerization  was  considered.  Preliminary 
experiments  showed  that  sodium-amalgam  reduction  of  the 
styrene  was  too  slow  and  incomplete  to  be  practical,  while  poly¬ 
merization  proceeded  rapidly  using  sodium  as  a  catalyst. 

PURIFICATION  OF  4-VINyL-1-CyCLOHEXENE 

A  Dow  Chemical  Company  product,  n 2D°  =  1.4650,  was  puri¬ 
fied  by  conversion  to  the  tetrabromide,  recrystallization,  and 
debromination. 

Bromination.  The  commercial  product  was  brominated 
under  conditions  similar  to  those  described  for  cyclohexene  (4). 

The  vinylcyclohexene  was  purified  by  shaking  with  potassium 
iodide  solution,  drying,  and  distilling.  The  fraction  at  126- 
128°  C.  was  collected.  In  a  2-liter,  three-necked,  round-bottomed 
flask  fitted  with  a  500-ml.  separatory  funnel,  a  mechanical  stirrer, 
and  a  thermometer,  was  placed  a  solution  of  162  grams  of  vinyl¬ 
cyclohexene  in  a  mixture  of  300  ml.  of  carbon  tetrachloride  and 
15  ml.  of  absolute  alcohol.  The  flask  was  surrounded  by  an  ice- 
salt  bath.  The  stirrer  was  started,  and  when  the  temperature 
reached  —5°,  a  solution  of  420  grams  (134  ml.)  of  bromine  in 
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Table  I.  Effect  of  Time  of  Standing  and  Excess  of  Reagent  on  Iodine 
Chloride  Addition  by  Dow  Vinylcyclohexene 


Weight  of 
Sample 

IC1 

Added 

Excess 

IC1 

Time 

IC1 

Used 

Theoretical 

Unsatu¬ 

ration 

Mg. 

Ml. 

% 

Min. 

Ml. 

% 

32.88 

10 

76 

10 

4.41 

77.8 

32.88 

10 

76 

20 

4.75 

83.8 

32.88 

10 

76 

80 

5.10 

90.0 

40.65 

20 

185 

21 

6.53 

93.0 

40.65 

20 

185 

45 

6.56 

93.5 

40.65 

20 

185 

60 

6.52 

92.9 

290  ml.  of  carbon  tetrachloride  was  added  from  the  separatory 
funnel  at  such  a  rate  that  the  temperature  of  the  reaction  mixture 
did  not  exceed  +5°.  After  the  addition  of  the  bromine  (period 
of  7  hours)  the  carbon  tetrachloride  was  removed  under  vacuum 
and  the  residual  oil  obtained  was  taken  up  in  petroleum  ether 
(90°  to  110°  C.)  and  cooled.  The  white  crystals  which  formed 
melted  at  73°  to  80°  C.  Yield,  313.2  grams.  Reerystallization 
from  petroleum  ether  (90°  to  110°  C.)  did  not  change  the  melting 
point. 

Debromination  of  Tetrabromide.  The  vinylcyclohexene 
tetrabromide  was  not  separated  into  the  cis  and  trans  isomers 
reported  by  Lebedev  and  Sergienko  ( 3 )  but  was  used  as  such  in 
the  debromination. 

In  a  2-liter,  three-necked,  round-bottomed  flask  fitted  with  a 
500-mh  separatory  funnel,  a  mechanical  stirrer,  and  a  reflux 
condenser,  were  placed  32  grams  of  magnesium  turnings  in  400 
ml.  of  absolute  ether.  To  this  well-stirred  solution  was  added  a 
solution  of  282  grams  of  vinylcyclohexene  tetrabromide  in  400 
ml.  of  dry  benzene  at  such  a  rate  that  the  ether  refluxed  gently. 
The  reaction  could  be  started,  if  slow,  by  heating  the  mixture 
slightly.  After  completion  of  the  addition  of  the  tetrabromide 
solution,  the  resulting  mixture  was  refluxed  for  4  hours  and  then 
poured  onto  a  mixture  of  ice  and  ammonium  chloride.  The  or¬ 
ganic  layer  was  separated,  washed  once  with  an  ammonium 
chloride  solution  and  twice  with  water,  and  then  dried  over  so¬ 
dium  sulfate.  The  ether  and  benzene  were  removed  by  distilla¬ 
tion  through  a  25-cm.  (10-inch)  Fenske  column  and  the  vinyl¬ 
cyclohexene  thus  obtained  was  distilled.  The  fraction  boiling 
from  126-127°  C.  was  collected.  Yield,  25  grams.  The  vinyl¬ 
cyclohexene  was  refractionated  and  a  sample  boiling  at  126-127  °C. 
taken,  w2D°  =  1.4638.  Lebedev  and  Sergienko  (3)  report  n2D°  = 
1.46385,  1.46375,  1.46395. 

DETERMINATION  OF  VINYLCYCLOHEXENE 

Several  halogen  addition  methods  were  tried,  to  find  one  which 
could  be  used  with  dioxane  as  a  solvent  and  at  the  same  time 
would  give  essentially  stoichiometric  results. 

Bromine  Titration.  The  method  of  Uhrig  and  Levin  (7) 
using  bromine  in  glacial  acetic  acid  as  the  reagent,  but  using 
dioxane  as  the  sample  solvent,  was  tried  in  a  direct  titration  to  an 
end  point.  The  method  gave  excellent  results  for  styrene  but  did 
not  yield  satisfactory  results  for  vinylcyclohexene  because  the 
reaction  was  very  slow  near  the  end  point. 

The  slowness  was  undoubtedly  caused  by  the  low  reactivity 
of  the  ring  unsaturation.  To  illustrate,  the  addition  of  a  200% 
excess  of  0.3  M  bromine  solution  to  a  solution  of  cyclohexene  in 
cyclohexane  followed  by  back-titration  after  2  minutes  of  stand¬ 
ing  resulted  in  the  use  of  only  93%  of  the  theoretical  amount  of 
bromine.  The  addition  of  excess  bromine  was  unsatisfactory 
owing  to  appreciable  blanks  with  dioxane. 

Iodine  Bromide  Addition.  The  Woburn  iodine  absorption 
method  of  von  Mikusch  and  Frazier  ( 8 ),  using  a  0.16  M  iodine 
bromide  solution  in  glacial  acetic  acid,  was  tried  on  pure  cyclo¬ 
hexene  and  on  Dow  vinylcyclohexene  (unpurified) . 

A  large  excess  of  halogen  and  a  long  time  were  required  to 
approach  theoretical  unsaturation.  For  example,  using  a  500% 
excess  of  reagent  for  1  hour,  a  value  of  93%  of  the  theoretical  un¬ 
saturation  was  obtained  for  cyclohexene. 

Iodine  Chloride  Addition.  Iodine  chloride  in  carbon  tetra¬ 
chloride  has  been  used  as  a  reagent  for  determining  unsaturation 
of  natural  rubber  by  Pummerer  and  Mann  ( 6)  and  Pummerer 
and  Stark  ( 6 )  and  for  butadiene  copolymers  by  Kemp  and  Peters 
(.2).  A  0.1  M  solution  was  found  to  give  a  rapid  addition  of  halo- 
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gen  using  a  reasonable  excess  of  reagent,  and  a  negligible  blank 
when  dioxane  was  used  as  the  sample  solvent. 

From  the  results  of  Table  I  it  is  concluded  that  an  excess  of 
around  200%  of  iodine  chloride  should  be  present  to  obtain  re¬ 
producible  results.  The  time  of  standing  beyond  20  minutes  is 
unimportant.  These  experiments  were  done  on  Dow  vinyl¬ 
cyclohexene,  dissolved  in  5-ml.  portions  of  dioxane  and  allowed 
to  stand  at  room  temperature  with  0.1072  M  iodine  chloride,  and 
back-titrated  with  0.1  N  thiosulfate  after  the  addition  of  potas¬ 
sium  iodide  solution. 

The  results  given  in  Table  II  were  obtained  on  pure  vinyl¬ 
cyclohexene.  In  this  series,  a  known  weight  of  sample  in  5  ml. 
of  dioxane  with  5  ml.  of  glacial  acetic  acid  was  allowed  to  stand 
20  minutes  at  0°  C.  in  the  dark  with  20  ml.  of  0.1026  M  iodine 
chloride  solution,  and  back-titrated  in  the  usual  way. 


Table  II.  Iodine  Chloride  Addition  Using  Pure  Vinylcyclohexene 


Weight  of 
Sample 

Excess 

IC1 

IC1  Used 

Theoretical 

Unsaturation 

Mg. 

% 

Ml. 

% 

47.43 

134 

8.33 

8.35 

97.3  97.5 

28.46 

290 

5.01 

4.99 

97.5  97.2 

9.49 

1070 

1.65 

1.65 

96.4  96.4 

4.74 

2220 

0.825  0.835 

96.5  97.5 

The  excess  of  reagent  is  unimportant  over  a  wide  range  beyond 
150%.  With  pure  cyclohexene  a  halogen  consumption  of  97% 
was  reached  compared  with  93%  with  the  unpurified  material. 
Under  similar  conditions,  cyclohexene  and  styrene  showed  95.0 
and  97.2%  of  theoretical  halogen  addition,  respectively. 

Using  a  more  concentrated  (0.3  M)  iodine  chloride  in  large  ex¬ 
cess  (300%)  overnight  in  the  dark  at  room  temperature,  an  ap¬ 
parent  unsaturation  of  101  to  104%  was  found  for  pure  vinyl¬ 
cyclohexene.  Under  these  conditions  a  relatively  large  and 
poorly  reproducible  blank  was  obtained  for  dioxane  (0.1  to  0.3 
ml.  of  iodine  chloride).  Less  than  0.01  ml.  of  0.1  M  iodine  chlo¬ 
ride  was  used  in  20  minutes  by  5  ml.  of  dioxane. 

Changing  the  temperature  from  room  temperature  to  0°  C. 
made  a  difference  of  less  than  0.5%.  The  lower  temperature, 
however,  gave  a  smaller  and  more  reproducible  polystyrene  blank; 
hence  a  temperature  of  0  °  is  recommended  for  the  procedure. 

POLYMERIZATION  OF  STYRENE  BY  SODIUM 

Polystyrene  Blank.  A  series  of  experiments  was  carried 
out  to  determine  proper  conditions  for  quantitative  polymeriza¬ 
tion  of  styrene.  In  each  of  the  experiments  listed  in  Table  III, 
a  mixture  of  5  ml.  of  styrene  and  45  ml.  of  solvent  was  refluxed 
with  6  grams  of  sodium.  The  blanks  reported  represent  the  con¬ 
sumption  of  0. 1  M  iodine  chloride  by  a  5-ml.  aliquot  of  the  result¬ 
ing  mixture. 

Dioxane  which  had  been  purified  by  prolonged  refluxing  with 
sodium  followed  by  distillation  proved  to  be  the  most  satisfactory 
solvent.  Toluene  also  appeared  promising,  but  gave  a  higher 
blank  than  dioxane.  Benzene  was  unsatisfactory  because  its 
boiling  point  is  below  the  melting  point  of  sodium,  and  a  fresh 
surface  is  necessary  for  quantitative  reaction. 

On  the  assumption  that  the  reason  for  the  blank  was  the  pres¬ 
ence  of  monomeric  styrene,  experiments  designed  to  allow  reduc¬ 
tion  to  follow  polymerization  were  carried  out.  After  30  minutes 
of  refluxing  with  dioxane,  an  equal  volume  of  alcohol  was  added, 
and  the  refluxing  was  continued  until  the  sodium  was  dissolved. 
Considering  the  dilution  by  the  alcohol,  the  combined  treatment 
had  no  advantage  over  polymerization  alone.  Moreover,  the 
dioxane-alcohol  mixture  is  a  poor  solvent  for  polystyrene  and  for 
sodium  ethoxide.  The  blank  appears  to  be  caused  mainly  by 
polystyrene  rather  than  by  residual  monomer,  since  no  treatment 
lowered  it  below  a  certain  minimum  (about  0.7%  of  the  iodine 
chloride  consumption  of  the  original  styrene). 
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Another  indication  that  polystyrene  is  largely  responsible  for 
the  blank  is  that  centrifuging  to  form  clear  solutions  was  found  to 
give  a  smaller  and  more  reproducible  blank.  However,  poly¬ 
styrene  prepared  by  peroxide-catalyzed  polymerization  did  not 
use  detectable  amounts  of  iodine  chloride.  Structural  differences 
in  the  sodium-polymerized  material  may  be  responsible  for  a 
different  behavior  with  respect  to  halogen. 

The  blank  was  found  to  be  smaller  and  more  reproducible  if 
the  sample  was  cooled  to  0  °  in  an  ice  bath  before  adding  the  iodine 
chloride  and  allowed  to  stand  for  the  reaction  at  0  °. 

The  blank  did  not  change  when  the  time  of  standing  with 
iodine  chloride  at  0°  was  varied  between  20  minutes  and  1  hour. 
When  alcohol  reduction  followed  the  polymerization,  however,  a 
rapidly  changing  blank  was  observed  (Table  III) .  For  this  reason 
also,  the  use  of  alcohol  was  abandoned. 

Metallic  sodium  and  40%  sodium  amalgam  were  both  found 
to  be  efficient  catalysts.  Using  equivalent  amounts  of  sodium, 
the  blanks  obtained  with  the  two  catalysts  were  the  same.  Since 
amalgamation  appeared  to  possess  no  advantage,  metallic  sodium 
is  recommended  in  the  final  procedure. 

Using  5  ml.  of  styrene  with  45  ml.  of  dioxane,  the  amount  of 
sodium  was  unimportant  if  it  exceeded  3  grams.  The  best  pro¬ 
cedure  found  was  to  use  6  grams  of  sodium,  with  vigorous  shaking 
during  refluxing  to  break  up  the  sodium  into  small  drops.  The 
use  of  a  drying  tube  at  the  top  of  the  reflux  condenser  was  un¬ 
necessary  if  no  condensation  of  moisture  had  occurred  inside  the 
reflux  condenser.  Drying  of  the  condenser  tubes  before  each  ex¬ 
periment  is  recommended. 

The  polymerization  reaction  is  essentially  complete  in  20  to  30 
minutes.  However,  owing  to  uncontrollable  variations  in  condi¬ 
tions,  the  time  required  for  quantitative  polymerization  varied 
from  one  experiment  to  another.  In  the  procedure,  a  1-hour  time 
is  specified,  followed  by  the  titration  of  another  aliquot  after  a 
second  hour.  Blanks  with  pure  styrene  run  in  parallel  with  the 
unknowns  help  to  control  variations  in  conditions. 

Increasing  the  amount  of  styrene  from  5  to  10  ml.  in  a  total 
volume  of  50  ml.  led  to  an  increased  and  more  variable  blank. 
The  viscosity  of  the  polystyrene  solution  increased  to  the  extent 
that  handling  the  solution  became  difficult. 

The  polymerization  was  not  noticeably  affected  by  the  presence 
of  feri-butyl  catechol  as  an  inhibitor  in  the  styrene  in  amounts 
up  to  100  p.p.m. 

PROCEDURE 

Reagents.  Iodine  Chloride.  A  0.1  M  (0.2  .V)  solution  in  car¬ 
bon  tetrachloride  made  by  dissolving  about  5  ml.  of  technical 


Table  III. 

Variation  of  Blank  with 

Conditions  of  Polymerization 

and  Iodine 

Chloride  Additi 

on 

Time  of 

IC1  Addition 

0.1  M 

Solvent 

Catalyst 

Reflux 

Temp. 

Time 

IC1  Used 

Min. 

°  C. 

Min. 

Ml. 

Dioxane 

Na 

30 

0 

20 

0.43,  0.42 
0.38,  0.44 
0.34,  0.28 

Na 

60 

0 

20 

0.33,  0.31 
0.28,  0.39 
0.29 

Na  ' 

30 

30 

20 

0.40,  0.60 

Na 

60 

0 

60 

0.38 

40%  Na-Hg 

30 

0 

20 

0.34 

40%  Na-Hg 

60 

0 

20 

0.32,  0.34 

Dioxane- 

Na 

60 

0 

20 

0.18.  0.21 

alcohol 

Na 

60 

0 

60 

0.71 

Na 

60 

0 

120 

1.52 

40%  Na-Hg 

45 

0 

20 

0.21 

Toluene 

Na 

30 

0 

20 

0.95 

40%  Na-Hg 

30 

0 

20 

0.95 

Toluene- 

40%  Na-Hg 

45 

0 

20 

0.14,  0.21 

alcohol 

Table  IV. 

Analysis  of  Known  Mixtures 

Vinylcyclohexene 

Vinylcyclohexene 

Error, 

Added 

Found 

Absolute 

% 

% 

% 

11.13 

11.18 

+  0.05 

11.18 

+  0.05 

11 .  19 

+  0.06 

11.21 

+  0.08 

5.51 

5.42 

-0.09 

5.42 

-0.09 

2.78 

2.97 

+  0.19 

2.98 

+  0.20 

2.97 

+  0.19 

2.98 

+0.20 

1  .  12 

1.04 

-0.08 

1.07 

-0.05 

0.93 

-0. 19 

0.96 

-0.16 

iodine  chloride  in  1  liter  of  technical  carbon  tetrachloride.  The 
reagent  can  also  be  prepared  from  the  elements  by  the  method  of 
Kemp  and  Mueller  (i),  substituting  carbon  tetrachloride  for 
glacial  acetic  acid  as  the  solvent. 

Glacial  acetic  acid,  c.p.  grade. 

Sodium  thiosulfate,  0.1  N,  standardized  against  potassium 
iodate. 

Potassium  iodide,  15%  aqueous  solution. 

Metallic  sodium,  technical  grade. 

Dioxane.  Purified  by  prolonged  refluxing  with  metallic  sodium 
until  the  surface  remains  bright  (usually  24  hours  or  more), 
followed  by  distillation  from  the  sodium.  The  dioxane  should  not 
be  allowed  to  stand  more  than  10  days  before  use. 

Method.  Dry  the  styrene  sample  by  shaking  with  anhydrous 
sodium  sulfate.  Deliver  5  ml.  of  sample  into  a  tared  50-ml. 
volumetric  flask  and  weigh  to  0.01  gram.  Make  up  to  the  mark 
with  dioxane.  Pour  the  solution  into  a  300-ml.  round-bottomed 
flask  provided  with  a  dry  standard-taper  ground-glass  joint  con¬ 
denser.  Quantitative  transfer  is  not  necessary.  Add  about  6 
grams  of  freshly  cut  sodium  (the  sodium  should  not  be  finely  cut, 
but  in  3  or  4  pieces).  Heat  to  boiling  on  a  hot  plate  and  reflux 
for  1  hour.  Shake  the  flask  vigorously  at  intervals  to  break  up 
the  sodium  into  finely  divided  pieces. 

Centrifuge  a  portion  of  the  mixture,  using  about  10  ml.  in 
each  of  two  centrifuge  tubes.  Three  to  5  minutes  of  centrifuging 
at  moderate  speed  is  adequate.  Into  a  125-ml.  glass-stoppered 
Erlenmeyer  flask  (or  iodine  flask)  containing  about  5  ml.  of  glacial 
acetic  acid,  pipet  a  5-ml.  aliquot  of  the  clear  solution.  Cool  the 
flask  in  an  ice  bath  and  pipet  accurately  20  ml.  of  0.1  M  iodine 
chloride  solution  into  the  flask.  Allow  the  solution  to  stand  20  to 
30  minutes  in  the  dark  at  0°  C.  Add  15  ml.  of  15%  potassium 
iodide  solution,  shake  well,  and  titrate  at  once  with  0.1  N  thio¬ 
sulfate. 

Run  a  blank  experiment  using  pure  styrene  containing  no 
vinylcyclohexene  (but  containing  up  to  100  p.p.m.  of  (erf-butyl 
catechol  if  desired)  with  the  unknown. 

Test-  for  completeness  of  polymerization  by  allowing  the  re¬ 
maining  solution  to  reflux  for  another  hour,  titrating  another 
aliquot  as  above. 

Calculations.  A  factor  of  100/97  is  included  to  correct  for 
incomplete  halogenation. 

(A  —  B)  X  N  X  27.0 

Per  cent  vinylcyclohexene  =  - ,,  w  A  - 

o  x  u .  y  / 

where 

.4  =  volumi  of  sodium  thiosulfate  required  to  titrate 

blank 

B  =  volume  of  sodium  thiosulfate  required  to  titrate 
unknown 

N  =  normality  of  sodium  thiosulfate 

S  =  sample  weight  in  grams 

ANALYSIS  OF  KNOWN  MIXTURES  OF  VINYLCYCLOHEXENE  AND 

STYRENE 

Knowm  mixtures  of  pure  styrene  and  pure  vinylcyclohexene 
were  made  up  and  analyzed  by  the  procedure  given  above.  From 
the  results  given  in  Table  IV,  which  are  typical,  it  is  apparent 
that  there  is  no  systematic  error  in  the  determination.  The  dis¬ 
crepancies  are  apparently  due  to  variations  in  the  blank,  since 
the  values  given  represent  various  titrations,  but  only  a  single 
polymerization,  for  each  sample. 
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PRECISION,  ACCURACY,  SENSITIVITY 

The  volumetric  determination  has  a  precision  of  ±0.5%  (rela¬ 
tive),  but  a  constant  error  of  —3%  which  can  be  corrected  by  a 
suitable  factor. 

The  accuracy  of  the  method  is  limited  by  the  reproducibility 
of  the  blank.  After  one  hour  of  polymerization,  the  blank  corre¬ 
sponded  to  0.30  ±  0.05  ml.  of  0.1  M  iodine  chloride.  A  variation 
of  0.05  ml.  in  the  blank  corresponds  to  0.27  mg.  of  vinylcyclo- 
hexene  in  each  aliquot  portion  or  about  0.05%  (absolute)  in  the 
original  sample. 

From  the  results  in  Table  IV,  the  over-all  accuracy  appears 
to  be  ±0.2%  (absolute).  The  sensitivity  is  likewise  of  the  order 
of  0.2%. 
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Spectrochemical  Determination  of  Small  Amounts  of 

Al  uminum  in  Steel 
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A  spectrochemical  method  is  described  for  the  determination  of 
aluminum  in  steels  with  a  range  from  20  to  500  micrograms  per 
sample.  Colorimetric  procedures  proved  unsuitable  because  of  the 
presence  of  interfering  ions  which  could  not  be  completely  elimi¬ 
nated.  A  method  was  developed  employing  a  mercury  cathode 
separation  and  a  final  spectrographic  procedure  of  sparking  a  con¬ 
centrated  solution  of  aluminum. 

N  INVESTIGATIONAL  project  at  this  laboratory  required 
an  accurate  determination  of  trace  amounts  of  aluminum 
in  corrosion-resistant  Steels.  A  number  of  photometric  procedures 
were  attempted  with  the  use  of  organic  reagents  including  aurin- 
tricarboxylic  acid  (6,  11,  15,  16,  18,  21-25,  30-84),  morin  (7,  15), 
hematoxylin  (13,  15,  17),  and  alizarin  S  (2,  5,  15,  29,  34).  After 
intensive  studies,  constituting  examinations  of  exact  pH  control, 
interfering  ions,  and  various  chemical  separations,  colorimetric 
methods  for  the  determination  of  aluminum  were  found  imprac¬ 
tical  for  the  materials  to  be  tested. 

A  spectrochemical  procedure  was  then  developed  with  satis¬ 
factory  results.  The  aluminum  was  separated  by  a  mercury 
cathode  electrolysis  (14,  32,  24)  and  the  spectrographic  procedure 
was  employed  with  an  iron  salt  added  as  an  internal  standard.  A 
spark  solution  method  (27)  which  has  a  high  degree  of  reproduci¬ 
bility  was  found  to  be  more  suitable  in  this  case  than  the  usual  arc 
method  (4).  A  Bausch  &  Lomb  large  Littrow  spectrograph  was 
used  and  a  quartz  prism  was  found  to  have  sufficient  resolving 
power  and  optical  efficiency.  Densitometric  measurements  of  the 
spectral  lines  were  made  for  accurate  determination  of  the  alu¬ 
minum  content. 

PREPARATION  OF  STANDARDS 

Standard  Aluminum  Solution  (1  ml.  =  0.020  mg.  of  alu¬ 
minum).  Dissolve  0.020  gram  of  pure  aluminum  metal  in  10  ml. 
of  hydrochloric  acid  ( 1  to  1) .  When  solution  is  completed,  add  10 
ml.  of  sulfuric  acid  (1  to  1)  and  evaporate  to  fumes  of  sulfuric 
acid.  Cool,  transfer  to  a  1000-ml.  volumetric  flask,  and  dilute  to 
the  mark. 

Internal  Reference  Standard  (1  ml.  =  3.75  mg.  of  iron). 
Dissolve  3.750  grams  of  pure  iron  wire  in  40  ml.  of  sulfuric  acid 
(1  to  1).  Cool  the  solution,  transfer  to  a  1000-ml.  volumetric 
flask,  and  dilute  to  the  mark. 

Spectrographic  Standards.  Dissolve  samples  of  a  corro¬ 
sion-resistant  steel  (18  Cr-8  Ni)  containing  no  aluminum  in  cov¬ 
ered  50-ml.  beakers  with  10  ml.  of  hydrochloric  acid  ( 1  to  1)  and 


10  ml.  of  sulfuric  acid  (1  to  4).  Add  increments  of  the  standard 
aluminum  solution  to  give  a  range  from  0.002  to  0.05%  aluminum. 
Carry  out  the  aluminum  separation  according  to  the  outlined 
chemical  procedure.  The  spectrographic  working  curve  is  ob¬ 
tained  from  the  values  of  these  standards. 


CHEMICAL  PROCEDURE 

Dissolve  a  0.5-gram  sample  in  a  covered  50-ml.  beaker  with  10 
ml.  of  hydrochloric  acid  (1  to  1)  and  10  ml.  of  sulfuric  acid  (1  to 
4).  When  solution  is  complete,  remove  and  rinse  cover  glass,  and 
evaporate  slowly  to  light  fumes  of  sulfuric  acid  on  an  asbestos 
hot  plate.  Cool  somewhat,  add  10  ml.  of  distilled  water,  redis¬ 
solve,  and  evaporate  again  to  light  fumes  of  sulfuric  acid.  Cool 
slightly,  add  30  ml.  of  distilled  water,  and  dissolve  the  salts  on  an 
asbestos  hot  plate. 

Filter  through  a  Whatman  11-cm.  No.  40  filter  paper  into  a 
mercury  cathode  cell  containing  approximately  25  to  30  ml.  of 
clean  mercury,  rinsing  beaker  and  washing  the  filter  paper  several 
times  with  distilled  water,  and  reserve  the  filtrate.  Transfer  the 
filter  paper  containing  the  insoluble  aluminum  oxide  to  a  plati¬ 
num  crucible,  char,  and  ignite  the  residue.  Add  a  small  measured 
amount  (approximately  0.25  gram)  of  sodium  carbonate  and  fuse 
over  a  Meker  burner.  Cool,  transfer  the  crucible  to  a  100-ml. 
beaker  containing  50  ml.  of  boiling  distilled  water,  and  continue 
boiling  until  the  fused  mass  is  completely  dissolved.  Rinse  the 
crucible  with  distilled  water,  transfer  the  solution  to  the  reserved 
filtrate,  and  adjust  the  volume  to  200  ml. 

Electrolyze  at  7  volts  and  2.5  to  4  amperes  for  at  least  2  hours  or 
until  solution  is  colorless.  When  electrolysis  is  complete,  drain 
the  mercury  and  rinse  the  electrodes  with  distilled  water  into  the 
electrolyzed  solution. 

Filter  through  a  Whatman  11-cm.  No.  40  filter  paper  into  a  250- 
ml.  beaker,  rinsing  the  cell  and  washing  the  filter  paper  several 
times  with  distilled  water,  and  evaporate  on  a  hot  plate  to  20  to  25 
ml.  Transfer  the  solution  to  a  50-ml.  beaker,  rinsing  carefully 
with  10  ml.  of  distilled  water,  and  continue  evaporation  to  3  to  4 
ml.  Cool,  add  1.0  ml.  of  internal  standard  solution,  adjust  vol¬ 
ume  to  5.0  ml.  with  distilled  water  in  a  10-ml.  mixing  flask,  and 
mix  well.  The  solution  is  now  ready  for  spectrographic  analysis. 

Precautions.  All  reagents  must  be  tested  spectrographically 
for  aluminum.  All  glassware  should  be  Pyrex. 

It  is  advisable  to  run  a  control  through  the  entire  procedure. 
This  may  be  prepared  by  adding  a  known  quantity  of  standard 
aluminum  solution  to  a  steel  in  which  this  element  is  found  to  be 
absent.. 

DESCRIPTION  OF  MERCURY  CATHODE  CELL 

The  cell  consists  of  a  250-ml.  beaker  with  a  glass  stopcock  lead¬ 
ing  from  the  lower  edge.  A  wire  fused  into  the  petcock,  through 
the  side,  is  terminated  to  a  platinum  wire  which  is  in  contact  with 
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Table  I.  Analyses  of  Synthetic  Standards 


Maximum  Devia- 

tion  from 

A1  Added 

A1  Recovered 

Amount 

Added 

% 

% 

% 

A1  =  3961.527  A. 

Fe  =  3927.922  A. 

0.002 

-  6 

0.0025 

0.0005 

-  6 

0.0025 

-  7 

0.0020 

0.004 

-  2 

0.0033 

0.0008 

-  2 

0.0033 

0 

0.0040 

0 

0 . 0040 

+  2 

0.0046 

+  3 

0.0048 

+  3 

0.0048 

0.005 

+  2 

0.0046 

0.0005 

+  3 

0.0046 

+  3 

0.0050 

+  5 

0.0055 

0.006 

+  4 

0.0052 

0.0008 

+  5 

0.0055 

+  6 

0.0058 

+  6 

0.0058 

+  7 

0.0060 

+  8 

0.0065 

0.008 

+  10 

0.0075 

0.0005 

+  11 

0.0080 

0.010 

+  13 

0.0092 

0.0010 

+  14 

0.0095 

+  15 

0.0100 

+  15 

0.0100 

+  16 

0.0105 

+  18 

0.0110 

0.015 

+  23 

0.0145 

0.0005 

+  24 

0.0150 

+  24 

0.0150 

+  24 

0.0150 

+  24 

0.0150 

the  mercury.  About  25  to  30  ml.  of  mercury  are  sufficient  to  form 
a  satisfactory  layer.  A  platinum  gauze  anode,  2.5  cm.  (1  inch)  in 
diameter  and  5  cm.  (2  inches)  long,  is  held  above  the  mercury 
layer  and  adjustments  up  and  down  in  conjunction  with  a  rheo¬ 
stat  will  vary  the  voltage  and  current  flow.  The  mercury  is  agi¬ 
tated  by  a  steady  flow  of  air  through  a  capillary  tube  reaching  to 
the  bottom  of  the  mercury  layer. 


SPECTROGRAPHIC  PROCEDURE 

The  carbon  electrodes  used  in  the  spectrographic  procedure  are 
prepared  by  cutting  carbon  rods  0.78  X  30  cm.  (5/i«  X  12  inches) 
into  5-cm.  (2-inch)  lengths.  The  ends  of  the  electrodes  are  pol¬ 
ished  by  using  a  Jarrel-Ash  cutter  and  they  are  then  heated  in  a 
muffle  at  510°  C.  for  1  hour.  The  electrodes  are  sparked  for  75 
seconds. 

One  drop  of  the  solution,  prepared  by  the  above  chemical  pro¬ 
cedure,  is  placed  on  each  of  two  flat-top  carbon  electrodes  which 
are  sparked  for  75  seconds  immediately  after  the  solution  has  been 
absorbed  ( 8 ,  27).  No  condensing  lens  or  prespark  is  used  in  re¬ 
cording  the  spectra.  A  Bausch  &  Lomb  large  Littrow  spectro¬ 
graph  is  used  with  an  uncontrolled  condensed  spark  source.  This 
high-tension  spark  generator  consists  of  a  0.45-kv.a.  step-up 
transformer  delivering  15,000  volts  from  alternating  current  sup¬ 
ply  at  1 10  volts,  60  cycle.  A  0.005-inicrofarad  condenser  produces 
a  heavy  condensed  spark.  A  self-induction  coil  aids  in  elimina¬ 
tion  of  air  lines.  The  maximum  inductance  of  20  microhenries  is 
used.  The  optical  stand  is  placed  38  cm.  (15  inches)  from  the  slit 
and  the  spark  gap  is  set  at  3  mm. 

Eastman  No.  33  plates,  10  X  25  cm.  (4  X  10  inches),  are  used. 
The  plates  are  developed  4  minutes  in  D-19  at  18°  C.,  fixed  for  15 
minutes,  washed  from  20  to  30  minutes,  and  dried.  The  calibra¬ 
tion  of  the  plate  is  based  on  the  method  described  by  Pierce  and 
Nachtrieb  (19) — i.e.,  the  use  of  a  direct  current  arc  between  iron 
electrodes  and  a  rotating  logarithmic  step  sector.  The  densities 
of  the  iron  reference  line  3927.922  A.  and  the  aluminum  line 
3961.527  A.  (12)  are  read  on  a  Leeds  &  Northrup  recording  micro- 
photometer  when  the  aluminum  content  is  from  0.002  to  0.012%, 
while  the  aluminum  line  3944.034  A.  is  read  when  the  aluminum 
content  is  from  0.012  to  0.050%.  The  aluminum  content  is  de¬ 
termined  by  the  use  of  a  working  curve  drawn  by  plotting  A  log 
■*  against  percentage  aluminum.  Standard  solutions  were 

prepared  according  to  the  method  outlined  under  spectrographic 
standards. 


Maximum  Devia¬ 

A  log  7  . 

tion  from 

A1  Added 

(s) 

A1  Recovered 

Amount 

Added 

% 

% 

% 

A1  =  3944.034  A. 

Fe  =  3927.922  A. 

0.010 

+  1 

0.0100 

0.000 

+  1 

0.0100 

+  1 

0.0100 

0.015 

+  5 

0.014 

0.001 

+  7 

0.015 

+  9 

0.016 

0.020 

+  11 

0.019 

0.001 

+  12 

0.020 

+  12 

0.020 

+  12 

0.020 

+  12 

0.020 

+  13 

0.020 

0.025 

+  16 

0.023 

0.002 

+  19 

0.026 

+  19 

0.026 

0.030 

+  22 

0.029 

0.003 

+  22 

0.029 

+  23 

0.030 

+  23 

0  030 

+  25 

0.033 

+  25 

0.033 

0.040 

+28 

0.038 

0.002 

+  28 

0.038 

+  31 

0.042 

0.050 

+34 

0.050 

0.001 

+34 

0.050 

+35 

0.051 

DISCUSSION 


The  colorimetric  procedures  employing  morin  (7,  15),  hema¬ 
toxylin  (13,  15, 17),  and  alizarin  S  (2,  5,  15,  29,  34)  were  found  to 
be  of  little  value  because  of  erratic  results  due  to  the  unsuitability 
of  the  material  to  be  analyzed.  A  great  deal  of  investigation  was 
carried  out  using  aurintricarboxylic  acid  (6,  11, 15, 16, 18,  21-25, 
30-34)  as  a  color  reagent.  It  was  discovered  that  an  exact  con¬ 
trol  of  pH  was  necessary  before  the  addition  of  the  aluminum 

Table  II. 

Reproducibility  of  Determinations 

Sample 

Maximum 

No. 

A1  Recovered 

Deviation 

% 

% 

1755 

0.002 

0.003 

0.003 

0.001 

1756 

0.014 

0.015 

0.015 

0.001 

1757 

0.021 

0.021 

0.022 

0.001 

1758 

0.022 

0.023 

0.023 

0.001 

Alloy  1 

0.003 

0.003 

0.003 

0.000 

Alloy  2 

0.003 

0.003 

0.003 

0.000 

Alloy  3 

0.005 

0.006 

0.006 

0.001 

Alloy  4 

0.006 

0.006 

0.006 

0.006 

0.000 

B.S.  101b 

0.002 

0.003 

0.003 

0.001 

All  results  rounded  off  to  three  places. 
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color  reagent  and  after  the  reduction  in  color  intensity  with  ammo¬ 
nium  carbonate  (21,  32).  With  this  control  excellent  results  were 
obtained  with  pure  solutions.  However,  erratic  results  were  pro¬ 
duced  on  actual  samples,  due  mainly  to  interfering  ions  (15,  18, 
22,  24). 

In  the  analysis  of  a  steel,  when  a  color  development  is  the  final 
product,  it  is  either  necessary  to  remove  ions  producing  interfering 
colors  or  to  separate  the  element  to  be  determined.  Where  trace 
amounts  are  concerned  it  is  not  practical  to  precipitate  such  mi¬ 
nute  quantities  of  aluminum  as  the  oxine  (1,  3,  9,  10,  23,  28)  or 
phosphate  (26),  and  a  separation  of  the  interfering  substances  by 
precipitation  (20)  would  cause  losses  due  to  adsorption  (/)•  A 
mercury  cathode  electrolysis  (14,  32,  24)  "'as  found  to  produce  the 
most  satisfactory  separation  but  trace  amounts  of  iron  and  chro¬ 
mium  as  well  as  titanium,  vanadium,  zirconium,  columbium,  tung¬ 
sten,  and  manganese  which  are  not  eliminated,  interfered  singly 
or  in  toto  with  the  various  color  reagents  (15,  18,  22,  24).  Iron 
and  vanadium  are  especially  sensitive  to  aurintricarboxylic  acid, 
forming  a  lake  of  the  same  color  as  that  produced  by  aluminum. 

In  view  of  the  foregoing  difficulties,  a  spectrochemical  proce¬ 
dure  was  developed  by  separating  the  aluminum  with  a  mercury 
cathode  electrolysis  (14,  22,  24),  after  incorporating  the  alumina 
by  fusion  with  sodium  carbonate  (14)  and  then  sparking  the  con¬ 
centrated  solution  using  a  large  Littrow  spectrograph  with  a 
quartz  prism.  No  interference  was  found  due  to  impurities  pres¬ 
ent  when  the  aluminum  lines  3961.527  or  3944.034  A.  and  the  iron 
reference  line  3927.922  A.  were  employed.  This  was  established 
by  adding  quantities  of  these  ions  in  amounts  far  exceeding  those 
present  under  actual  operating  conditions.  Because  of  slight 
contamination  of  aluminum  in  most  reagents  and  in  view  of  the 
trace  amounts  sought,  it  was  necessary  to  check  all  reagents. 
The  reagents  were  found  satisfactory,  although  they  contained 
very  small  traces  of  aluminum.  Inasmuch  as  the  same  amount  of 
reagents  was  used  in  constructing  the  working  curve  as  was  needed 


Figure  1 


for  the  complete  chemical  procedure,  no  correction  was  necessary 
for  the  aluminum  present.  Small  amounts  of  aluminum  were 
present  in  the  carbon  electrodes  and  sparking  the  electrodes  for  75 
seconds  was  found  sufficient  to  remove  all  the  aluminum  impu¬ 
rity,  as  a  further  exposure  showed  no  aluminum  to  be  present. 

Figure  1  demonstrates  the  working  curves  when  using  the  alu¬ 
minum  line  3961.527  A.  for  aluminum  ^ranging  from  0.002  to 
0.012%  and  the  aluminum  line  3944.034  A.  for  aluminum  ranging 
from  0.012  to  0.050%.  The  method  of  least  squares  was  used  in 
constructing  the  straight-line  portion  of  both  curves. 

It  will  be  noticed  that  there  is  a  curvature  in  the  lower  portion 
of  curve  2  in  Figure  1.  This  curvature  begins  at  the  value  of 
0.004%  aluminum  where  the  aluminum  and  iron  lines  are  of 
equal  density.  This  change  in  slope  from  0.002  to  0.004%  alu¬ 
minum  may  be  construed  as  being  a  factor  of  relatively  high  pro¬ 
portion  of  spectral  background  in  relation  to  the  density  of  the 
spectral  lines  at  these  lower  limits. 

Table  I  indicates  the  reproducibility  and  accuracy  obtained  by 
using  synthetic  standards  prepared  by  adding  increments  of 
standard  aluminum  solution  to  a  corrosion-resistant  steel  con¬ 
taining  no  aluminum.  The  reproducibility  of  a  number  of  sam¬ 
ples  analyzed  is  shown  in  Table  II. 

Further  investigation  is  being  conducted  now  at  this  laboratory 
for  the  determination  of  zirconium  by  a  similar  procedure. 
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Spectrophotometric  Determination  of  Titanium  in  Steels 

ALFRED  WEISSLER,  Naval  Research  Laboratory,  Washington,  D.  C. 


Absorption  spectra  have  been  determined  for  the  hydrogen  peroxide 
complexes  of  titanium  and  vanadium  in  the  presence  of  1  gram  of 
iron,  in  perchloric-phosphoric  acid  solution.  These  spectra  furnish 
the  basis  for  improved  rapid,  accurate  methods  for  the  determination 
of  from  0.5  to  6  mg.  of  titanium  in  iron,  steel,  vanadium  steel,  and 
stainless  steel,  without  separating  the  titanium  or  using  hydrofluoric 
acid;  accuracy  approaching  one  part  per  hundred  may  be  obtained. 
Details  are  given  for  a  method  of  determining  metallic  and 
combined  titanium  in  steel,  which  has  given  good  reproducibility. 

THE  desirability  of  a  more  rapid  method  of  accurate  analysis 
for  titanium  in  steels  has  been  emphasized  by  recent  interest 
in  the  effects  of  metallic  versus  combined  titanium  on  harden- 
ability,  in  titanium-stabilized  stainless  steels,  and  in  welding 
steels  containing  small  amounts  of  vanadium  and  titanium. 
Spectrophotometric  analysis  appeared  to  offer  an  opportunity 
to  eliminate  time-consuming  separations. 

The  standard  procedure  for  titanium  analysis  in  steel  includes 
a  cupferron  separation  from  the  bulk  of  the  iron,  prior  to  the 
addition  of  hydrogen  peroxide  and  comparison  of  the  intensity 
of  the  yellow  color  (1 ,  2).  However,  some  recent  methods  omit 
such  a  separation  ( 6 ,  8,  9)  and,  for  example,  decolorize  the  iron 
by  the  addition  of  phosphoric  acid.  In  the  presence  of  much  of 
colored  ions  such  as  chromium,  nickel,  or  iron,  the  visual  colori¬ 
metric  determination  of  titanium  is  difficult.  The  large  amounts 
of  chromium  in  stainless  steels  may  be  separated  by  sodium  car¬ 
bonate  plus  sodium  peroxide  (12),  mercury  cathode  electrolysis 
(5),  boiling  perchloric  acid  and  sodium  chloride  (13),  or  filtration 
of  chromic  acid  out  of  70%  perchloric  acid  solution  (16).  If  the 
interfering  element  vanadium  is  present  in  the  steel,  it  may  be 
separated  by  sodium  carbonate  fusion  (4). 

Some  popularity  has  been  achieved  by  other  colorimetric  re¬ 
agents  for  titanium,  such  as  gallic  acid  (15),  thymol  (10),  and 
chromotropic  acid,  l,8-dihvdroxynaphthalene-3,6-disulfonic  acid 


Figure  1.  Absorption  Spectra  of  Titanium-Peroxide 
Complex 

In  phosphoric-perchloric  acid  solution  containing  1  gram  of  iron 


(5).  In  general,  these  require  preliminary  separation  of  titanium. 
Considerable  interest  has  been  evinced  in  the  ratio  of  metallic 
to  combined  titanium  in  steel  (7,  11),  and  methods  for  separating 
the  two  have  suggested  the  use  of  various  dilutions  of  hydro¬ 
chloric  acid  (3,  14,  17). 

EXPERIMENTAL  WORK 

The  apparatus  and  reagents  have  been  described  (18). 

A  series  of  synthetic  standard  titanium  steels  was  prepared  by 
adding  varying  amounts  of  titanium  solution  to  1  gram  of  N.B.S. 
iron  55a.  These  were  then  treated  as  described  in  Method  A, 
below,  and  the  absorption  spectra  measured  from  360  to  600  m/i. 
Figure  1  shows  that  the  peak  absorption  is  at  400  m/j,  and  it  is 
narrower  than  in  the  absence  of  phosphoric  acid,  where  the  peak 
is  at  410  m/n  Figure  2  indicates  that  even  in  the  presence  of  1 
gram  of  iron,  a  linear  relation  exists  between  titanium  concen¬ 
tration  and  optical  density  at  400  and  at  460  mju. 

To  investigate  interference  by  vanadium,  a  series  of  synthetic 
standard  vanadium  steels  was  prepared  by  adding  varying 
amounts  of  vanadium  solution  to  1  gram  of  iron  55a.  These  were 
then  treated  as  described  in  Method  A,  and  the  absorption  spec¬ 
tra  measured  from  360  to  620  mu,  as  shown  in  Figure  3.  Even 
in  the  presence  of  1  gram  of  iron,  Beer’s  law  is  valid  at  400  and 
460  mju,  as  shown  in  Figure  4. 

Simultaneous  Determination  of  Titanium  and  Vana¬ 
dium  in  Steel.  It  was  observed  that  when  1  gram  of  steel 
is  treated  as  in  Method  A,  the  presence  of  1  mg.  of  titanium  gives 
a  density  of  0.269  at  400  m^,  and  0.134  at  460  m^t.  Under  similar 
conditions,  1  mg.  of  vanadium  gives  an  optical  density  of  0.057 
at  400  m/i,  and  0.091  at  460  m/i.  If  x  represents  the  number  of 
milligrams  of  titanium,  y  the  number  of  milligrams  of  vanadium, 


In  presence  of  1  gram  of  iron 
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Figure  3.  Absorption  Spectra  of  Vanadium- 
Peroxide  Complex 

In  phosphoric-perchloric  acid  solution  containing  1  gram  of  iron 


and  the  two  absorb  independently  of  each  other,  the  following 
simultaneous  equations  can  be  set  up: 

0.269  x  +  0.057  y  =  Dm 
0.134  x  +  0.091  y  =  Dm 

These  can  be  solved  to  give: 


Figure  4.  Linearity  of  Vanadium  Concentration-Density  Relation 
In  presence  of  1  gram  of  iron 


results  obtained  for  titanium;  however,  the  vanadium  results 
proved  to  be  rather  high.  This  subject  was  not  pursued  further, 
since  the  major  interest  was  in  titanium. 

Although  the  molybdenum-peroxide  complex  shows  an  in¬ 
tense  peak  at  330  m^  it  is  impossible  to  make  measurements  in 
that  region,  in  the  presence  of  1  gram  of  iron,  because  of  the 
strong  absorption  of  ferric  perchlorate  in  the  ultraviolet. 


x  =  5.40  Dm  —  3.38  Dm 
y  =  15.9  Dm  —  7.54  Dm 

It  can  be  seen  that  small  errors  in  reading  density  will  affect 
the  vanadium  result  more  than  the  titanium. 

As  a  test  of  the  above  equations,  several  synthetic  vanadium- 
titanium  standard  steels  were  prepared  and  analyzed  by  Method 
A,  measuring  the  density  of  each  solution  at  400  and  at  460 
m fj..  Table  I  shows  the  accuracy  of  the  results;  as  was  expected, 
the  vanadium  errors  are  the  greater.  As  a  further  test,  several 
standard  cast  irons  of  known  titanium  and  vanadium  content  were 
analyzed  by  Method  A.  Table  II  shows  the  extremely  accurate 


Table  I.  Simultaneous  Determination  of  Titanium  and  Vanadium 
in  Synthetic  Standard  Steels 


(1  gram  of  standard  55a  plus  varying  amounts  of  V  and  Ti,  with  10  ml.  of 
HCIO4  and  4  ml.  of  1:1  H3PO4,  diluted  to  50  ml.) 


Sample 

Ti  Added 

V  Added 

Dm 

Duo 

Ti  Found 

V  Found 

% 

% 

% 

% 

1 

0.050 

0.050 

0.172 

0.116 

0.054 

0.052 

2 

0.050 

0.400 

0.366 

0.430 

0.052 

0.406 

3 

0. 100 

0.200 

0.370 

0.298 

0.100 

0.195 

0.389 

0.311 

0.104 

0.200 

4 

0.200 

0.200 

0.640 

0.436 

0.201 

0.210 

0.649 

0.440 

0.200 

0.211 

5 

0.300 

0.200 

0.902 

0.570 

0.295 

0.228 

6 

0.100 

0.600 

0.600 

0.660 

0.101 

0.598 

Table  II.  Analysis  of  Standard  Cast  Irons  Containing  Titanium  and 

Vanadium 


Sample 

Std.  6d,  0.139%  Ti  and  0.209%  V 
Std.  7c,  0.067%  Ti  and  0.042%  V 
Std.  74,  0.114%  Ti  and  0.018%  V 
Std.  82,  0.048%  Ti  and  0.011%  V 


Ti 

Dm 

Dm 

Found 

Error 

% 

% 

0.393 

0.215 

0.139 

0.000 

0.392 

0.215 

0.139 

0.000 

0.206 

0.130 

0.067 

0.000 

0.207 

0.130 

0.068 

+0.001 

0.323 

0. 177 

0.114 

0.000 

0.322 

0. 177 

0.114 

0.000 

0. 142 

0.078 

0.049 

+0.001 

0. 143 

0.078 

0.049 

+0.001 

Av. 

0.0004 

Table  III.  Determination  of  Titanium  in  Synthetic  Standards  of 
Stainless  Steel  without  Separating  Titanium 

(0.5  gram  of  Std.  101b  plus  varying  amounts  of  titanium) 


Ti  Added 

D  400 

Ti  Recovered 

Error 

% 

% 

% 

0.00 

0.040 

0. 10 

0.180 

0.io3 

0.003 

0.20 

0.320 

0.206 

0.006 

0.30 

0.453 

0.304 

0.004 

0.40 

0.580 

0.397 

-0.003 

0.50 

0.722 

0.501 

0.001 

0.60 

0.855 

0.600 

0.001 

0.70 

0.997 

0.704 

0.004 

0.80 

1.132 

0.803 

0.003 

Av.  0.003 

Determination  of  Titanium  in  Stainless  Steels.  In  view 
of  the  great  monochromaticity  available,  the  possibility  pre¬ 
sented  itself  of  an  accurate  determination  of  titanium  in  stainless 
steel,  without  separation  from  the  nickel,  chromium,  iron,  etc. 
A  series  of  synthetic  standard  titanium  stainless  steels  was  pre¬ 
pared  by  adding  varying  amounts  of  titanium  solution  to  0.500- 
gram  samples  of  N.B.S.  standard  18-8  steel  101b.  These  were 
then  analyzed  by  Method  B,  described  below.  Table  III  shows 
the  high  accuracy  of  the  results  obtained,  using  the  experimental 
finding  that  under  these  conditions  1  mg.  gives  an  optical  density 
of  0.272  at  400  mp,  and  subtracting  as  a  blank  the  density  0.040 
given  by  101b  itself.  To  investigate  possible  interference  by 
columbium  and  tungsten,  a  similar  series  was  prepared  from 
standard  123a  (0.002%  Ti,  0.75%  Cb,  0.11%  W)  and  analyzed 
by  Method  B ;  Table  IV  shows  that  the  results  are  accurate  even 
in  this  case.  Further,  adding  up  to  0.5%  of  columbium  to  stand¬ 
ard  steel  121  caused  an  error  of  less  than  0.01%  of  titanium. 

Three  standard  stainless  steels  of  known  titanium  content  were 
analyzed  by  Method  B.  Table  V  shows  that  the  corrected  re¬ 
sults  for  121  and  121a  are  good,  but  those  for  123a  indicate  a 
rather  high  relative  error,  with  absolute  error  only  0.004%. 
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Table  IV.  Determination  of  Titanium  in  Synthetic  Standards  of 
0.75%  Columbium,  0.11%  Tungsten  Stainless  Steel,  without 
Separating  Titanium 


(0.5  gram  of  Std.  123a  plus  varying  amounts  of  titanium) 

Ti  Present 

Dm 

Ti  Found 

Error 

% 

% 

% 

0.002 

0.036 

0.007 

0.005 

0.202 

0.312 

0.210 

0.008 

0.402 

0.582 

0.409 

0.007 

0.602 

0.862 

0.614 

0.012 

0.802 

1.135 

0.815 

0.013 

Av.  0.009 

Table  V.  Analysis  of  Standard  Titanium  Stainless  Steels 


Certified 

Ti  Found 

Ti  Corrected 

Steel 

Titanium 

Di  00 

Uncorrected 

for  Mo  and  V 

% 

% 

% 

Std.  121 

0.394 

0.547 

0.403 

0.395 

0.542 

0.398 

0.390 

Std.  121a 

0.361 

0.489 

0.360 

0.351 

0.492 

0.362 

0.353 

Std.  123a 

0.002 

0.036 

0.026 

0.007 

0.034 

0.025 

0.006 

Determination  of  Metallic  and  Combined  Titanium  in 
Steel.  Reproducible  results  for  metallic  and  combined  titanium 
in  steel  were  obtained  by  Method  C,  as  shown  in  Table  VI,  even 
when  2  to  1  hydrochloric  acid  was  substituted  for  the  1  to  1  acid. 
It  was  found  important  to  use  close-textured  filter  paper  for  the 
separation;  medium-textured  paper  allows  some  of  the  finer 
particles  to  pass  through.  Since  most  of  the  combined  titanium 
in  steel  is  present  as  titanium  carbonitride,  the  validity  of 
the  method  was  tested  by  adding  30  and  40  mg.  of  titanium 
carbonitride  to  1-gram  samples  of  iron  55a,  and  analyzing  for 
metallic  (or  soluble)  titanium  as  in  Method  C.  Only  a  negligibly 
small  fraction  of  the  carbonitride  was  soluble  in  the  dilute  hy¬ 
drochloric  acid  under  these  conditions.  Method  C  omits  use  of 
phosphoric  acid  to  decolorize  iron.  Although  not  necessarily  ad¬ 
vantageous  this  is  a  permissible  variation,  since  ferric  perchlorate 
is  nearly  colorless.  However,  in  this  case,  titanium-free  steels  give 
a  blank  of  density  0.026  at  410  mp  for  the  acid-soluble  portion, 
and  this  blank  must  be  subtracted  from  all  such  readings.  Optical 
density  at  410  mp  resulting  from  1  mg.  of  titanium  under  these 
conditions  is  0.304,  so  that  slightly  greater  sensitivity  is  attained. 


the  mark,  and  mix  thoroughly.  Measure  the  optical  density  at 
400  and  460  m^  of  a  3-mil.  portion  to  which  one  drop  of  30% 
hydrogen  peroxide  has  been  added,  using  as  a  blank  a  similar 
portion  to  which  one  drop  of  water  has  been  added.  Even  in  the 
presence  of  varying  amounts  of  vanadium,  the  percentage  of  ti¬ 
tanium  in  the  steel  is  equal  to  0.540  Dm  —  0.388  Dm-  If  vana¬ 
dium  and  molybdenum  are  known  to  be  absent,  then  the  percent¬ 
age  of  titanium  is  simply  D400/2.69.  If  the  vanadium  and  molyb¬ 
denum  percentages  are  known,  the  titanium  percentage  is  equal 
to  Z)4oo/2.69  minus  one  tenth  of  the  molybdenum  percentage 
minus  one  fifth  of  the  vanadium  percentage.  These  correction 
factors  are  calculated  from  the  optical  densities  at  400  m,u. 

Method  B,  for  Stainless  Steel.  Dissolve  a  0.500-gram 
sample  in  15  ml.  of  1  to  1  hydrochloric  acid  plus  2  ml.  of  nitric 
acid  in  a  125-ml.  Phillips  beaker.  Add  10  ml.  of  70%  perchloric 
acid;  evaporate,  fume,  and  cool  as  in  Method  A.  Add  20  ml.  of 
water  to  dissolve  the  salts,  4  ml.  of  1  to  1  phosphoric  acid,  and 
5.0  ml.  of  saturated  sulfurous  acid,  to  reduce  the  chromium  com¬ 
pletely.  Warm  gently  10  or  15  minutes  to  expel  excess  sulfurous 
acid,  filter  through  a  9-cm.  No.  40  paper  into  a  50-ml.  volumetric 
flask,  wash  thoroughly  with  several  small  portions  of  water,  and 
dilute  to  the  mark.  Measure  the  optical  density  at  400  m^i  of  a 
peroxidized  portion  against  an  unperoxidized  portion.  Then  the 
percentage  of  titanium  is  Dm/\ .36  minus  one  tenth  of  the  molyb¬ 
denum  percentage  minus  one  fifth  of  the  vanadium  percentage. 

Method  C,  for  Metallic  and  Combined  Titanium  in  Steel. 
Transfer  a  1.000-gram  sample  to  a  125-ml.  Phillips  beaker,  add 
25  ml.  of  1  to  1  hydrochloric  acid,  and  dissolve  by  moderate 
heating.  After  one  hour  (by  which  time  action  has  ceased)  filter 
through  a  9-cm.  No.  42  paper,  and  wash  carefully  with  5  to  95 
hydrochloric  acid.  Catch  filtrate  and  washings  in  a  250-ml. 
Phillips  beaker,  and  add  10  ml.  of  perchloric  acid  and  about  5  ml. 
of  nitric  acid.  Evaporate,  fume  strongly,  and  continue  as  in 
Method  A,  except  for  omitting  the  phosphoric  acid,  and  measuring 
the  optical  density  at  410  m^.  Then  in  the  absence  of  much 
vanadium  or  molybdenum,  the  percentage  of  metallic  titanium 
in  the  steel  is  ( Dm  —  0.26)/3.04.  A  density  of  0.026  is  obtained 
when  1  gram  of  a  titanium-free  steel  is  analyzed  by  this  procedure. 

The  combined  titanium  is  determined  as  follows:  Return  the 
insoluble  residue  and  paper  from  the  first  filtration  to  the  original 
125-ml.  Phillips  beaker.  Add  7  ml.  of  perchloric  acid  and  about 
30  ml.  of  nitric  acid,  and  digest  at  moderate  heat  until  all  organic 
matter  is  destroyed.  Then  evaporate  to  fumes  of  perchloric  acid 
and  fume  vigorously  for  3  minutes.  Cool  in  water,  add  25  ml.  of 
water  and  3  drops  of  sulfurous  acid,  and  filter  through  a  9-cm. 
No.  40  paper  into  a  50-ml.  volumetric  flask.  Wash  thoroughly 
with  several  small  portions  of  water,  dilute  to  the  mark,  mix  well, 
and  determine  the  optical  density  at  410  m,u.  Then  D4l0/3.04 
gives  the  percentage  of  combined  titanium  in  the  steel. 
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METHODS  IN  DETAIL 

Method  A,  for  Low- Allot  Iron  and  Steel.  Dissolve  1.000 
gram  of  sample  in  10  ml.  of  1  to  1  nitric  acid  plus  10  ml.  of  70% 
perchloric  acid,  by  warming  in  a  125-ml.  Phillips  beaker.  Evapo¬ 
rate  to  fumes  of  perchloric  acid,  and  continue  heating  vigor¬ 
ously  until  the  fumes  become  transparent  two  thirds  of  the  way 
up  the  beaker.  Cool  rapidly  in  water,  in  order  to  minimize  per¬ 
oxide  formation.  Add  25  ml.  of  water  to  dissolve  the  salts,  then 
4  ml.  of  1  to  1  phosphoric  acid.  Destroy  any  yellow  color  due  to 
chromate  by  adding  3  or  4  drops  of  sulfurous  acid,  or  more  if 
necessary.  To  remove  silica  and  graphite,  filter  through  a  9- 
cm.  Whatman  No.  40  paper  into  a  50-ml.  volumetric  flask. 
Wash  thoroughly  with  several  small  portions  of  water,  dilute  to 
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Table  VI.  Determination  of  Metallic  and  Combined  Titanium  in  Steel 


A.  Solution  in  1:1  HC1 


B.  Solution  in  2:1  HC1 


Sum  of 

Sum  of 

(10) 

Lenher,  V.,  and  Crawford,  W.  G.,  J.  Am.  Chem. 

metallic 

metallic 

Soc.,  35,  141  (1913). 

Total 

anQ 

Metallic  Combined  combined 

and 

Metallic  Combined  combined 

•(H) 

Leve,  N.  F.,  and  Gurevich,  A.  B.,  Zavodskaya  Lab., 

Sample 

Titanium 

titanium 

titanium 

titanium 

titanium 

titanium 

titanium 

9,  957  (1940). 

% 

% 

% 

% 

% 

% 

% 

(12) 

Mathesius,  H.,  Chem.-Ztg.,  54,  134  (1930). 

Std.  82 

0.048 

0.000 

0.048 

0.048 

0.000 

0.049 

0  049 

(13) 

Mukhina,  Z.  S.,.  Zavodskaya  Lab.,  8,  162  (1939). 

(0.048%  Ti) 

0.047 

0.000 

0.048 

0.048 

0.000 

0.049 

0.049 

(14) 

“Scott’s  Standard  Methods  of  Chemical  Analysis’’, 

GMO 

0.059 

0.000 

0.059 

0.059 

0.001 

0.059 

0.060 

pp.  992-4,  New  York,  D.  Van  Nostrand  Co., 

0.060 

0.000 

0.057 

0.057 

0.001 

0.057 

0.058 

1939. 

GMP 

0.101 

0.003 

0.095 

0.097 

0.001 

0.097 

0.098 

(15) 

Shemyakin,  F.  M.,  and  Neumolotova,  A.,  J.  Gen. 

0.102 

0.003 

0.095 

0.098 

0.001 

0.097 

0.098 

Chem.  ( U.S.S.R. ),  5,  491  (1935). 

GMR 

0.189 

0.002 

0.183 

0.185 

0.005 

0.184 

0.189 

(16) 

Silverman,  L.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  14, 

0.189 

0.003 

0.182 

0.185 

0.004 

0.182 

0.186 

791  (1942). 

GMS 

0.350 

0.010 

0.335 

0.345 

0.011 

0.341 

0.352 

(17) 

Tsinberg,  S.  L.,  Zavodskaya  Lab.,  6,  358  (1937). 

0.352 

0.012 

0.339 

0.351 

0.011 

0.342 

0.353 

(18)  Weissler,  Alfred,  Ind.  Eng.  Chem.,  Anal.  Ed.,  17, 

695  (1945). 


Use  of  Enzyme  in  Riboflavin  Determination 

Free  and  Combined  Riboflavin 

LAWRENCE  ROSNER1,  EVELYN  LERNER,  and  HOWARD  J.  CANNON 
Laboratory  of  Vitamin  Technolosy,  Chicaso,  III. 


Fluorometric  determination  of  riboflavin  in  certain  products  of  natural 
origin  by  a  method  involving  adsorption  on  Florisil  without  pre¬ 
liminary  enzyme  digestion  gives  low  results,  which  are  due  to  non¬ 
adsorption  of  a  fraction  of  the  riboflavin  on  Florisil.  Evidence  is 


presented  that  nonadsorption  of  part  of  the  riboflavin  is  not  due 
to  physical  factors  alone  but  also  to  a  difference  in  character  between 
adsorbed  and  nonadsorbed  riboflavin.  The  nonadsorbable,  "com¬ 
bined”  riboflavin  is  converted  to  the  adsorbable  form  by  enzyme. 


IN  THE  fluorometric  determination  of  riboflavin  by  a  method 
employing  a  Florisil  column  the  authors  have  observed  that 
higher  results  are  obtained  on  many  natural  products  when  en¬ 
zyme  incubation  is  included  than  when  this  step  is  omitted 
(Table  I).  The  microbiological  data  clearly  support  the  higher 
values. 


Tabic  I.  Riboflavin  Values  with  and  without  Enzyme  Treatment 


Fluorometric 

Microbiological 

Sample 

With  enzyme 

Without  enzyme 

(S) 

y/g - 

y/g ■ 

y/g- 

Dried  brewers'  yeast 

30.1 

15.5 

33.1 

Yeast  extract 

145 

77.6 

138 

Liver  extract 

300 

196 

312 

Dried  liver 

91.1 

58.1 

90.7 

Enriched  white  bread 

2.23 

1.92 

2.54 

Dried  skim  milk 

12.4* 

11.0 

12.0 

Other  workers  have  indicated  that  the  use  of  enzyme  gives 
higher  results.  Peterson,  Brady,  and  Shaw  ( 5 ),  for  example, 
found  that  the  use  of  clarase  yields  increased  riboflavin  values 
for  pork  products.  McLaren,  Cover,  and  Pearson  (4)  used  a 
takadiastase-papain  mixture  on  meats.  Cheldelin,  Eppright, 
Snell,  and  Guirard  ( 2 )  recommended  the  use  of  enzymes  on  many 
products.  The  data  appearing  in  the  literature  indicate  that 
enzymes  facilitate  the  extraction  of  riboflavin.  The  authors 
have  investigated  a  number  of  aspects  of  the  enhancement  of 
riboflavin  values  by  the  use  of  enzyme  and  believe  they  have 
evidence  that  the  increase  in  values  observed  in  their  laboratory 
is  not  due  to  an  extraction  effect  of  the  enzyme  but  rather  to  the 
release  of  riboflavin  from  a  bound  form.  This  does  not  imply 
that  the  enzyme  does  not  aid  in  extraction  of  riboflavin  from  cer¬ 
tain  products. 

The  method  used  in  these  studies  is  similar  to  that  of  Andrews 
(■ 1 )• 

The  sample  is  extracted  in  a  volumetric  flask  with  0.1  N  sul¬ 
furic  acid  for  1  hour  in  a  boiling  water  bath,  followed  by  incuba¬ 
tion  for  1  hour  with  0.3  gram  of  polidase  at  pH  4.5  and  48°  C. 
When  no  enzyme  treatment  was  used  the  reaction  was  still  ad¬ 
justed  to  pH  4.5.  If  a  significant  amount  of  pigment  is  present, 
the  mixture  is  at  this  point  treated  with  potassium  permanganate 
and  hydrogen  peroxide.  It  is  then  made  to  volume  and  filtered, 
and  an  aliquot  is  passed  through  a  Florisil  column  (12  cm.  X  8 
mm.).  The  column  is  washed  with  water  and  the  riboflavin 
eluted  with  20%  pyridine  in  2%  acetic  acid.  The  fluorescence 
of  the  eluate  is  measured  and  compared  to  that  of  a  known  amount 
of  riboflavin  added  to  the  unknown.  A  blank  is  obtained  by  the 
addition  of  solid  sodium  hydrosulfite. 

To  determine  whether  the  higher  riboflavin  values  when  en¬ 
zyme  is  used  are  a  result  of  a  more  efficient  extraction,  the  au¬ 
thors  extracted  samples  with  0.1  A  sulfuric  acid  and  filtered  the 
extract.  This  filtered  extract  was  then  given  enzyme  treatment 

i  Present  address.  National  Oil  Products  Co.,  Harrison,  N.  J. 


and  carried  through  the  usual  procedure.  The  values  obtained 
by  enzyme  treatment  of  the  filtered  extract  as  compared  to  those 
from  enzyme  treatment  of  an  unfiltered  sample  are  shown  in 
Table  II.  The  evidence  definitely  indicates  that  extraction  by 
enzyme  is  not  a  factor  in  the  increased  values. 

The  authors  then  sought  to  learn  why  part  of  the  riboflavin 
escapes  determination  when  enzyme  treatment  is  omitted. 
Either  part  of  the  riboflavin  fluoresces  to  a  different  degree  than 
the  remainder  or  it  is  lost  on  the  Florisil  column. 

To  test  the  first  possibility  the  fluorescence  of  extracts  not  re¬ 
ceiving  enzyme  treatment  was  determined  without  use  of  the 
column.  The  data  obtained  are  compared  with  results  by  the 
usual  method  in  Table  III.  Values  compare  very  favorably,  in¬ 
dicating  no  change  in  fluorescence  upon  enzyme  treatment. 
Thus  it  appeared  that  loss  of  riboflavin  occurred  on  the  Florisil 
column,  either  by  nonadsorption  on  the  column  or,  if  adsorbed, 
by  nonelution  with  the  pyridine  mixture.  If  riboflavin  is  not  ad¬ 
sorbed  it  should  be  capable  of  being  recovered  in  the  drippings 
from  the  column.  To  determine  whether  this  would  be  the  case, 
an  aliquot  of  the  extract  obtained  without  enzyme  treatment  was 
put  through  the  column,  the  drippings  were  collected  together 
with  the  washings,  and  the  adsorbed  riboflavin  was  eluted  with 
pyridine  mixture.  It  was  found  that  the  fluorescence  of  the  un¬ 
adsorbed  drippings  plus  the  washings  represent  the  difference 
between  values  obtained  with  and  without  enzyme  treatment 
(Table  IV). 

The  excellent  agreement  between  the  calculated  and  deter¬ 
mined  total  riboflavin  shown  in  Table  IV  eliminates  the  possi¬ 
bility  that  riboflavin  may  be  adsorbed  and  not  eluted. 

In  the  authors’  initial  experiments  the  amount  of  riboflavin 
found  in  the  unadsorbed  drippings  and  that  eluted  from  the 
column  were  variable  for  a  given  sample.  Apparently  the  ribo¬ 
flavin  passing  through  the  column  was  not  entirely  unadsorbed 


Table  II.  Riboflavin  Values  Obtained  by  Enzyme  Treatment  of 
Filtered  and  Unfiltered  Extracts0 


Sample 

Unfiltered  Extract 

Filtered  Extract 

y/g- 

y/g- 

Dried  brewers'  yeast 

30.1 

29.6 

Enriched  white  bread 

2.23 

2.28 

Dried  skim  milk 

11.7 

12.2 

a  Filtered  and  unfiltered  extracts  incubated  with  0.4%  polidase  for  1  hour 
at  pH  4.5  and  45°  C. 


Table  III.  Comparison  of  Riboflavin  Values  Using  No  Enzyme  and 
No  Column  with  Those  Using  Enzyme  and  Column 


Sample 

Enzyme  and  Column 

No  Enzyme 
and  No  Column 

y/g- 

y/g- 

Dried  yeast 

30.1 

30.1 

Dried  yeast 

93.1 

91.9 

Liver  extract 

299 

300 

Enriched  white  bread 

2.23 

2 . 20 
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Table  IV.  Comparison  of  the  Sum  of  Riboflavin  Fractions  with  the 
Determined  Total 


Riboflavin 

Total  Riboflavin 

Adsorbed 

Unadsorbed 

Calcu¬ 

Deter¬ 

Sample 

on  column 

on  column 

lated 

mined 

y/g. 

y  la- 

y/g. 

y/g- 

Dried  yeast 

6.7 

24.  9 

31.6 

30.1 

Yeast  extract 

56.7 

46.3 

103 

111 

Liver  extract 

196 

87 

283 

300 

Dried  skim  milk 

9.65 

2.51 

12.2 

12.4 

Dried  whey 

44.2 

3.2 

47.4 

48.4 

Enriched  white  bread 

1.90 

0.35 

2.25 

2.20 

Table  V.  Occurrence  of  Riboflavin  in  Drippings  from  Florisil 

Column 


Enzyme  Treatment 


Fraction  of  drippings 

1 

2 

18 

None 

houra 

hours® 

hours® 

1.  Original  10-ml.  aliquot* 1 2 3 4 5 6 7 8 

y 

y 

y 

y 

-f  15  ml.  of  boiling  water 

0.23 

0.60 

0.16 

0.17 

2.  Next  25  ml.  of  boiling  water 

2.79 

1.30 

0.46 

0. 15 

3.  Next  25  ml.  of  boiling  water 

1.65 

0.38 

0.24 

0.02 

4.  Next  25  ml.  of  boiling  water 

0.74 

0.15 

0.08 

0 

5.  Next  25  ml.  of  boiling  water 

0.37 

0.15 

0.08 

0 

6.  Next  25  ml.  of  boiling  water 

0.23 

0.16 

0 

0 

7.  Next  25  ml.  of  boiling  water 

0.11 

0.15 

0 

0 

8.  Next  25  ml.  of  boiling  water 

0.07 

0.17 

0 

0 

Total  drippings  (200  ml.) 

6.2 

3.1 

1.0 

0.34 

Eluate  from  column 

4.8 

8.3 

10.7 

10.7 

°  Incubated  with  0.4%  polidase  at  pH 

4.5  and  45° 

C. 

6  .Prepared  from  yeast  extract.  A  10-ml.  aliquot  contained 
grams  of  total  riboflavin  by  direct  determination. 

11.9  micro- 

and  the  amount  depended  upon  the  thoroughness  of  the  washing. 
They  therefore  studied  the  effect  of  extent  of  washing  upon  the 
amount  of  riboflavin  held  on  the  column  (Table  V).  Boiling 
water  was  used  for  washing,  since  it  was  found  much  more  effi¬ 
cient  than  water  at  room  temperature  in  clearing  the  column  of 
unadsorbed  riboflavin.  Under  this  severe  washing  there  is  a 
significant  amount  of  unadsorbed  riboflavin  even  after  a  2-hour 
incubation  with  enzyme. 

Holler,  Alcock,  and  Geddes  (3)  found  riboflavin  to  be  incom¬ 
pletely  adsorbed  from  extracts  of  flour.  These  workers  demon¬ 
strated  that  such  factors  as  concentration,  volume,  clarity  of 
extracts,  and  the  particular  lot  of  Florisil  used  affected  the  ad¬ 
sorption  characteristics  of  riboflavin.  Rubin  and  De  Ritter  (7) 
interpreted  the  action  of  enzyme  in  improving  the  adsorption  of 
riboflavin  on  the  basis  of  producing  greater  clarity  in  the  ex¬ 
tracts. 

On  the  other  hand,  in  a  preliminary  report  ( 6 ),  the  authors 
advanced  the  suggestion  that  riboflavin  exists  in  certain  extracts 
not  only  as  free  riboflavin  but  also  combined  in  a  form  which  is 
not  adsorbed,  or  is  more  weakly  adsorbed,  on  Florisil.  The  en¬ 
zyme  then  acts  to  split  this  combined  riboflavin  to  an  adsorbable 
form. 

If  there  is  interference  with  adsorption  of  riboflavin  from  ex¬ 
tracts  of  natural  products,  such  as  liver  and  yeast,  pure  riboflavin 
added  to  these  extracts  should  not  be  quantitatively  recovered 
in  the  pyridine  eluate  after  Florisil  adsorption.  The  results  of 
experiments  to  test  this  point  are  shown  in  Table  VI.  The  good 
recovery  of  added  riboflavin  shows  that  the  adsorptive  capacity 
of  the  Florisil  is  unimpaired  and  argues  against  any  assumption 
of  significant  interference  with  the  adsorption  of  free  riboflavin 
from  such  extracts.  In  the  case  of  the  yeast  extract  (Table  VI) 
only  52%  of  the  riboflavin  originally  present  was  adsorbed  on  the 
column;  however,  91%  of  the  added  pure  riboflavin  was  ad¬ 
sorbed.  Furthermore,  the  drippings  and  washings  were  frac¬ 
tionated  as  illustrated  in  Table  V;  the  added  riboflavin  did  not 
alter  the  pattern  of  riboflavin  occurrence  in  the  drippings.  The 
most  plausible  explanation  for  these  data  is  that  the  riboflavin 
which  is  not  adsorbed  on  the  Florisil  is  different  from  free  ribo¬ 
flavin. 


The  suggestion  of  Rubin  and  De  Ritter  (7)  that  the  enzyme 
simply  acts  to  produce  clearer  extracts  may  well  be  considered 
with  such  low-potency  materials  as  cereals  where  rather  large 
samples  must  be  taken  for  analysis.  However,  in  the  case  of 
yeast  and  liver  extracts  the  extracts  filtered  at  pH  4.5  are  clear 
even  though  incubation  with  enzyme  is  omitted.  Incubation  of 
these  clear  extracts  with  enzyme  with  no  further  filtration  results 
in  the  same  increase  in  riboflavin  adsorption  as  previously  indi¬ 
cated. 

Rubin  and  De  Ritter  (7)  tested  the  adsorption  on  Florisil  of 
riboflavin  phosphate  and  riboflavin  succinate  and  concluded  that 
these  forms  are  fairly  completely  adsorbed.  However,  their 
data  show  only  86%  of  the  phosphate  to  be  adsorbed  on  a  single 
column,  as  against  100%  of  free  riboflavin.  In  their  experiments 
the  column  was  washed  with  only  25  ml.  of  hot  water.  Since 
the  authors  have  shown  that  a  more  drastic  washing  is  necessary 
to  remove  the  unadsorbed  riboflavin  completely,  Rubin  and  De 
Ritter’s  data  on  riboflavin  phosphate  cannot  be  regarded  as  cast¬ 
ing  doubt  upon  the  existence  of  combined  riboflavin  in  extracts 
of  natural  products.  On  the  other  hand,  their  data  do  indicate 
that  even  in  pure  solution  the  adsorption  behavior  of  riboflavin 
phosphate  differs  from  that  of  free  riboflavin. 

It  is  of  interest  to  consider  what  significance  the  behavior  of 
combined  riboflavin  might  have  in  riboflavin  determination. 
When  a  Florisil  column  is  used  in  estimation  of  riboflavin  in 
natural  products  treatment  with  enzyme  is  indicated.  Methods 
which  omit  the  enzyme  step  when  using  a  column  risk  the  loss  of 
the  combined  riboflavin.  It  has  been  the  authors’  experience 
that  when  the  hydrosulfite  blank  is  low,  substantially  the  same 
results  are  obtained  when  fluorescence  of  the  extract  is  read  di¬ 
rectly  as  when  enzyme  treatment  and  column  are  included 
(Table  III).  However,  when  considerable  color  occurs  in  the 
extract  poor  results  are  obtained  without  use  of  the  column. 

Yeast  was  found  to  contain  a  larger  proportion  of  combined 
riboflavin  than  any  other  material  tested,  values  up  to  80%  of  the 
total  having  been  determined. 


Table  VI.  Recovery  of  Riboflavin  Added  to  Extracts  of  Natural 

Products0 


No  Added  Ribo¬ 
flavin 

Ribo¬ 

flavin 

Riboflavin  eluted 

10  Micrograms  of 
Riboflavin  Added 
Ribo- 

Ribo-  flavin 

flavin  eluted 

Recovery  of 
Riboflavin 
Eluted 

in 

from 

in 

from 

from 

Sample 

drippings 

column 

drippings 

column 

Column 

7 

7 

7 

7 

% 

Yeast  extract 

5.38 

5.74 

5.42 

14.8 

91 

Liver  extract 

2.89 

11.7 

3.09 

22.0 

103 

°  No  enzyme  treatment  used,  extracts  at  pH  4.5,  columns  washed  with 
100  ml.  of  boiling  water. 
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Lead  in  Smelter  Products 

A  Rapid  Polarographic  Method 

WILLIAM  HERED,  Indiana  University  Extension  Division,  East  Chicago  Ind.,  AND  GRACE  R.  HERED,  International  Smelting  and  Refining 

Company,  East  Chicago,  Ind. 


An  improved  quantitative  method  for  lead  in  smelter  products  has 
been  devised  in  which  preliminary  separations  are  unnecessary  for 
the  materials  investigated.  An  acceptable  degree  of  accuracy  is 
obtained  and  the  time  required  is  reduced  considerably.  Diffusion 
current  constants  for  lead  in  1  N  hydrochloric  acid  and  in  alkaline 
tartrate  are  reported. 

THE  isolation  and  determination  of  lead  in  complex  materials 
such  as  flue  dusts  and  slags  are  tedious  if  the  usual  precipi¬ 
tation  as  sulfate  and  determination  by  the  molybdate  titration 
are  used.  For  accurate  results  the  lead  sulfate  must  be  purified 
prior  to  titration,  which  further  complicates  the  analysis.  The 
method  presented  in  this  paper  simplifies  the  decomposition  of  the 
material  and  obviates  preliminary  separations. 


EXPERIMENTAL 

A  manual  polarograph  was  used  in  the  greater  part  of  the  in¬ 
vestigation.  Diffusion  currents  were  measured  with  a  Leeds  & 
Northrup  Type  P  galvanometer,  and  a  Shallcross  Ayrton  shunt 
having  nine  sensitivity  settings.  The  galvanometer  was  equipped 
with  a  telescope  and  a  scale  calibrated  by  means  of  known  cur¬ 
rents;  the  sensitivity  was  determined  by  the  usual  method  (2)  im¬ 
mediately  after  each  set  of  determinations.  a 

The  potentiometric  bridge  consisted  of  6.7  meters  of  B  &  b. 
No  20  Nichrome  wire,  wound  uniformly  on  a  20.3-cm.  cylinder. 
The  hardness  of  Nichrome  permitted  the  use  of  an  efficient  shd- 
ing  copper  contact  which  could  be  replaced  when  worn,  the 
uniformity  of  the  winding  was  checked  at  15.2-cm.  intervals  by 
the  Wheatstone  bridge  method;  the  error  did  not  exceed  0.1% 
at  any  point.  Bridge  settings  could  be  read  to  0.001  volt.  1  he 
potential  drop  was  standardized  frequently  against  a  Weston  cell. 

Once  the  shape  of  the  curve  had  been  determined  it  was  found 
sufficient  in  subsequent  analyses  to  record  four  points  of  the  linear 
portion  of  the  residual  current  and  a  single  point  at  the  limiting 
current.  Extrapolation  of  the  residual  current  to  the  voltage 
corresponding  to  the  final  point  yielded  excellent  results  A 
Model  XII  Sargent  Heyrovsky  polarograph  was  used  in  part  of 
the  preliminary  determinations  of  the  nature  of  the  plot  of  cur¬ 
rent  against  voltage.  The  manual  polarograph  is  satisfactory 
even  in  this  capacity  if  the  deflections  corresponding  to  smaU 
voltage  increments  are  plotted  directly;  the  time  required  to 
obtain  a  complete  curve  in  this  manner  compares  favorably  with 
that  needed  to  complete  and  process  a  photographic  record. 
The  greater  precision  of  current  and  voltage  determinations  with 
the  manual  instrument,  moreover,  is  of  considerable  importance 

for  investigational  purposes.  .  ,  .  ,  rp. 

The  dropping  electrode  assembly  is  shown  in  Figure  1.  The 
20-ml.  electrolytic  cells  were  designed  to  permit  removal  of  oxygen 
from  solutions  prior  to  attachment  of  the  cell  to  droppi  g 
electrode,  thus  permitting  the  analysis  of  a  solution  while  others 
were  being  degassed.  An  upturned  side  arm  received  the  salt 
bridge  of  the  saturated  calomel  electrode  described  elsewhere  (1). 
The  electrolytic  cell  was  closed  with  a,  one-hole  stopper  carrying 
a  short  glass  tube  wide  enough  to  permit  the  insertion  of  eitherthe 
nitrogen-inlet  capillary  or  the  dropping  electrode.  Rubber 
sleeves  on  the  dropping  electrode  and  on  the  salt  bridge  prevented 
diffusion  of  air  during  the  determination.  Tank  nitrogen  satu¬ 
rated  with  water  vapor  was  used  without  further  purification. 
Sodium  sulfite  was  found  unsatisfactory.  In  all  cases  measure¬ 
ments  were  made  with  the  cell  in  a  water  thermostat  at  2o 
0  1°  C 

'  The  dropping  electrode  assembly  was  the  same  as  that  de¬ 
scribed  by  Lingane  and  Laitinen  (4).  Provision  was  made,  how¬ 
ever  to  permit  the  raising  and  lowering  of  the  entire  assembly 
without  changing  the  height  of  the  mercury  column  lt  was  also 
found  advantageous  to  make  the  connection  of  the  dropping 
electrode  to  the  lower  end  of  the  stand  tube  rigid  by  means  of 
paraffin-filled  metal  jacket  around  the  connection  as  shown  m 
Figure  1.  The  capillary  consisted  of  a  7-cm.  length  of  Sargent 


Heyrovsky  tubing  with  an  internal  diameter  of  0.05  mm.  A 
mercury  column  height  of  76.4  cm.  was  maintained  throughout. 
The  rate  of  mercury  flow,  m,  was  determined  with  the  capillary 
tip  immersed  in  water  at  25°  C.  Four  determinations  of  m 
over  a  period  of  4  months  gave  a  value  of  1.540  ±  0.002  mg.  per 
second.  The  drop  time  was  about  4.2  seconds  at  0.55  volt  and 
3.8  seconds  at  0.95  volt.  The  resistance  of  the  entire  assembly 
including  the  calomel  cell  was  approximately  300  ohms.  The 
half-wave  potentials  reported  were  corrected  for  the  IR  drop  in 
tlio  assembly. 

A  10  millirnolar  solution  of  lead  was  prepared  by  dissolving 
2.072  grams  of  99.9%  lead  metal  in  50  ml.  of  4  M  nitric  acid  and 
diluting  to  1  liter.  The  supporting  electrolytes  used  were  1  N 
hydrochloric  acid  and  alkaline  tartrate,  a  medium  0.5  M  in  so¬ 
dium  tartrate  and  0.1  N  in  sodium  hydroxide;  these  solutions 
were  made  from  reagent  grade  materials,  and  were  accurate  to 
2%,  an  adequate  tolerance  for  such  media.  The  maximum  sup¬ 
pressors  consisted  of  a  0.2%  solution  of  gelatin  containing  toluene 
as  a  preservative,  and  a  0.1%  solution  of  sodium  methyl  red.  A 
dust  of  accurately  known  lead  content  was  not  available;  it  was 
found  necessary,  therefore,  to  prepare  such  a  sample.  Its  com¬ 
position  and  consistency  were  approximately  those  of  the  flue  dust 
used  in  part  of  the  investigation.  This  “synthetic”  dust  consisted 
of  lead  in  the  form  of  lead  dust,  assayed  lead  oxide,  and  lead  di¬ 
oxide  to  which  were  added  zinc  oxide,  arsenic  trioxide,  antimony 
trioxide,  ferric  oxide,  silicic  acid,  calcium  carbonate,  sulfur,  car¬ 
bon,  and  cupric  oxide.  The  mixture  was  ground  in  a  ball  mill 
until  homogeneous. 


PROCEDURE 

Decomposition  of  Sample  and  Preparation  for  Analysis. 
Thoroughly  mix  a  0.2-gram  sample  of  the  smelter  product  with 
2  grams  of  reagent  grade  sodium  peroxide  in  a  12.5-cm.  (5-inch) 
Pyrex  test  tube;  place  an  additional  0.3  gram  of  peroxide  on  top 
of  the  mixture.  Fuse  the  material  by  rotating  the  test  tube  slowly 
in  a  Bunsen  flame,  being  careful  not  to  make  the  initial  application 
of  heat  too  rapid.  After  the  melt  has  become  homogeneous  in 
color,  a  period  of  3  to  5  minutes,  remove  the  test  tube  from  the 

flame  and  allow  it  to  cool, 
during  which  time  the  test  tube 
cracks.  Break  the  test  tube 
into  a  beaker.  Add  enough 
water  to  cover  the  material, 
but  not  more  than  50  ml. 
Allow  to  stand  until  the 
material  has  completely  sepa¬ 
rated  from  the  glass  frag¬ 
ments  (about  15  minutes); 
otherwise  a  clear  solution  may 
be  unobtainable  in  the  subse¬ 
quent  treatment. 

Add  25  ml.  of  concentrated 
hydrochloric  acid  rapidly,  stir¬ 
ring  to  aid  complete  solution 
of  the  yellow  precipitate,  com¬ 
monly  obtained.  Chlorine  is 
evolved,  and  a  clear  yellow 
solution  results.  Dissolve 
about  3  grams  of  tartaric  acid 


[—24  mm.— 


Figure  1 .  Dropping  Electrode 
Assembly 
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Table  I.  Analysis  of  Representative  Smelter  Products 


Material  Analyzed 

Synthetic  standard  dust,  (ac¬ 
tual  lead  content,  49.81%) 
Blast  furnace  flue  dust 
High-lead  zinc  fume 
Primary  copper-anode  slime 
fume 

Blast  furnace  slag 


Volumetric 
Method, 
%  Lead0 


Polarographic  Method 


1  N  HC1, 
%  lead 


49.0 
49.2  = 
49. 3& 

24.ll 
4.711 
4 . 44&»<* 


0.6 

0.2 


49.6 

50.4 

49.6 


0.3 

0.3 

0.7 


No.  of 
detns. 

5 

7 

3 


Alkaline 

tartrate,  No.  of 
%  lead  detns. 


49.4 

48.3 

46.7 

25.1 

4.07 


0.6 

0.7 

0.4 

0.3 

0.08 


°  Precipitation  as  lead  sulfate  with  no  purification,  and  titration  with  molybdate  using 
external  indicator,  unless  otherwise  stated. 

1  Plant  assay. 

*  Wave  in  HC1  not  well  defined. 

4  Lead  sulfate  freed  from  calcium  sulfate. 


in  the  acid  solution  to  prevent  the  precipitation  of  antimony  upon 
dilution.  A  slight  precipitate  causes  no  difficulty  in  analysis; 
a  heavy  precipitate,  however,  makes  sampling  difficult  and  may 
retain  lead. 

Dilute  the  solution  to  100  ml.  in  a  volumetric  flask.  Taking 
into  account  the  fact  that  the  resulting  solution  is  approximately 
3  A  in  hydrochloric  acid,  mix  aliquots  of  the  solution  with  the 
proper  supporting  electrolyte  (see  following  paragraph).  Maxi¬ 
ma  may  be  suppressed  by  the  addition  of  gelatin,  an  end  con¬ 
centration  of  0.01%.  Sodium  methyl  red  may  be  substituted 
for  gelatin  in  the  alkaline  tartrate  medium. 

Selection  of  Supporting  Electrolyte.  Lead  waves  are 
well  defined  in  0.1  A  potassium  chloride,  1  A  hydrochloric  acid, 
1  A  nitric  acid,  1  A  sodium  hydroxide,  and  in  various  tartrate 
media  (S).  In  complex  materials  such  as  are  encountered  in 
smelter  product  analysis,  the  choice  of  a  suitable  electrolyte  de¬ 
pends  upon  the  nature  and  relative  proportion  of  elements  other 
than  lead.  In  any  case  the  limiting  current  must  be  well  defined, 
and  the  residual  current  must  be  linear  for  a  sufficient  voltage 
span  to  permit  extrapolation.  The  present  authors  recommend 
1  A  hydrochloric  acid  as  a  medium  in  cases  where  the  prior  depo¬ 
sition  of  constituents  does  not  interfere  with  normal  develop¬ 
ment  of  the  lead  wave.  Alkaline  tartrate  (a  medium  0.5  M  in 
sodium  tartrate  and  0.1  Ain  sodium  hydroxide)  is  often  applicable 
where  the  constituents  of  the  sample  do  not  permit  the  use  of 
hydrochloric  acid.  If  1  A  sodium  hydroxide  is  used  with  an 
external  reference  electrode,  it  is  advisable  to  employ  an  inter¬ 
mediate  agar  plug  and  salt  bridge  ( 1 )  to  avoid  contamination  of 
the  agar  bridge  of  the  calomel  electrode. 

Analysis.  Transfer  the  prepared  solution  to  an  electrolysis 
cell.  Remove  dissolved  air  with  nitrogen;  15  to  20  minutes’  de¬ 
gassing  time  is  usually  sufficient  for  15-ml.  samples.  Using  either 
a  mercury  pool  anode  or  an  external  reference  electrode,  elec¬ 
trolyze  the  solution  from  about  0.10  to  0.60  volt  vs.  the  saturated 
calomel  electrode  if  hydrochloric  acid  is  the  supporting  electro¬ 
lyte,  or  from  about  0.50  to  1 .00  voltjif  alkaline  tartrate  is  used. 

« 

ft 

RESULTS 

The  ratio  of  diffusion  current  to  concentration,  ia/C,  for  lead 
in  1  A  hydrochloric  acid  at  25°  C.  was  found  to  be  6.47  =*=  0.05 
microampere  liters  per  millimole  (eleven  determinations). 
Gelatin  (0.01%)  was  present  as  a  maximum  suppressor  in  six  of 
the  determinations;  well-defined  waves  with  no  significant 
change  in  the  relative  diffusion  currents  were  also  obtained  in  the 
absence  of  gelatin.  Since  the  capillary  used  in  this  investigation 
had  a  constant,  of  1.69  mg.2/3  sec._1/2,  the  more  funda- 

mental  “diffusion  current  constant”,  may  be  calcu¬ 

lated  as  3.83.  Although  this  constant  is  directly  applicable  to 
practical  analyses  with  different  capillaries,  a  deviation  of  the 
constant  has  been  noted  ( 5 )  among  capillaries  whose  values  of 
mt  /3(i  /«  djffer  widely.  As  yet  there  is  no  standard  mt  ntl  n  to 
which  data  can  be  reduced  for  comparison.  In  order  to  compare 
the  constant  determined  in  this  investigation  with  that  of  3.86 
previously  reported  on  the  basis  of  an  m 2  ,stl  /6  value  of  about  2.31 
(S),  reference  was  made  to  the  empirical  relationship  found  by 
Lingane  and  Loveridge  (5).  The  present  constant  3.83  referred 
to  an  m2 /3tl  /6  value  of  2.31  thus  becomes  approximately  3.76. 


The  id/C  ratio  for  lead  in  alkaline  tartrate 
at  25°  C.  was  found  to  be  4.22  ±  0.03  (four 
determinations).  The  diffusion  current  constant 
is  2.52,  wi2/3/1/6  being  1.67.  When  reduced  to 
the  capillary  constant  referred  to  above,  the  value 
obtained,  2.48,  is  comparable  to  that  of  2.39  pre¬ 
viously  reported  (S). 

The  half-wave  potential  for  lead  was  found  to 
be  —0.43  volt  vs.  S.C.E.  in  1  A  hydrochloric 
acid,  and  —0.75  volt  in  alkaline  tartrate.  The 
voltage  span  required  for  full  development  of  the 
diffusion  current  in  both  media  was  about  0.25 
volt;  this  differs  from  the  span  of  0.4  volt  in  alka¬ 
line  tartrate  found  by  Lingane  (3). 

The  results  obtained  are  summarized  in 
Table  I. 

The  blast  furnace  flue  dust  and  the  high-lead  zinc  fume  were 
chosen  as  representative  of  high-lead  samples.  The  primary 
copper-anode  slime  fume  was  representative  of  products  high  in 
antimony  and  containing  a  great  variety  of  substances.  The 
blast  furnace  slag  was  included  as  representative  <  imaterial  low 
in  lead  and  high  in  silica. 

DISCUSSION 

The  absolute  accuracy  of  the  method  cannot  be  evaluated  ex¬ 
cept  with  reference  to  the  synthetic  standard  dust,  the  only 
sample  of  accurately  known  lead  content.  It  is  significant  that 
the  polarographic  analysis  of  the  standard  dust  was  accurate  to 
better  than  1%.  In  some  cases  in  which  there  is  poor  agreement 
between  volumetric  and  polarographic  results,  it  is  likely  that  the 
latter  may  be  more  reliable,  considering  the  method  of  decompo¬ 
sition  and  preliminary  separations  involved  in  the  volumetric 
method.  This  assumption  is  supported  by  the  low  result  ob¬ 
tained  in  the  molybdate  titration  of  the  synthetic  standard  dust, 
and  by  the  precision  of  the  polarographic  analyses.  In  the  case 
of  the  blast  furnace  slag,  the  agreement  between  the  two  methods 
was  improved  considerably  when  the  lead  sulfate  was  reprecipi¬ 
tated  before  titration. 

No  explanation  is  offered  for  the  discrepancy  in  the  polaro¬ 
graphic  blast  furnace  flue  dust  analyses  using  hydrochloric  acid 
and  alkaline  tartrate  as  supporting  electrolytes.  The  polaro¬ 
graphic  analysis  of  the  high-lead  zinc  fume  illustrates  the  fact 
that  each  mixture  presents  a  distinct  problem  as  far  as  selection  of 
electrolyte  is  concerned. 

The  time  required  for  polarographic  analysis  is  less  than  that 
for  the  molybdate  titration.  The  preparation  of  a  sample  for  the 
former  analysis,  for  instance,  involves  only  a  brief  5-minute  fu¬ 
sion  whereas  the  usual  acid  treatment  for  the  volumetric  method 
requires  about  an  hour.  Once  the  polarographic  method  is 
placed  on  a  routine  basis,  it  is  estimated  that  not  more  than  40 
minutes  of  actual  work  are  required  for  each  sample,  as  compared 

with  about  70  minutes  for  the  volumetric  method. 

\ 
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Pore-Size  Distribution  in  Porous  Materials 

Pressure  Porosimeter  and  Determination  of 
Complete  Macropore-Size  Distributions 

H.  L.  RITTER  and  L.  C.  DRAKE 
Socony-Vacuum  Oil  Co.,  Paulsboro,  N.  J. 


A  method  for  determining  the  macropore-size  distribution  in  a 
porous  solid,  as  well  as  the  derived  distributions  for  some  typical 
porous  materials,  is  presented.  A  glass  dilatometer  placed  in  a 
thermostated  high-pressure  bomb  is  used  to  measure  the  small  changes 
in  volume  of  a  mass  of  mercury,  in  which  the  porous  material  under 
investigation  is  immersed,  when  the  mercury  is  subjected  to  varying 
external  pressure. 

DETERMINATION  of  total  pore  volume. is  a  routine  meas¬ 
urement  in  most  laboratories  dealing  with  porous  materials. 
The  value  usually  is  calculated  as  the  difference  of  two  specific 
volumes  (reciprocal  density).  Thus  the  internal  pore  volume 
is  the  difference  between  the  reciprocals  of  real  density  and  par¬ 
ticle  density;  the  intergranular  (void)  volume  is  the  difference 
between  the  reciprocals  of  bulk  density  and  particle  density; 
and  the  sum  of  pore  and  void  volumes  is  the  difference  between  the 
reciprocals  of  bulk  and  real  densities.  [The  nomenclature  of 
McBain  {10)  is  followed  in  identifying  the  several  densities,  as¬ 
suming  (with  some  error)  that  real  and  true  densities  are  equal.  1 
The  total  internal  pore  volume  is  then  calculated  from  observa 
tions  of  the  real  and  particle  densities,  determined,  for  example, 
by  the  usual  pycnometric  method  using  water  and  mercury,  re¬ 
spectively,  as  the  displacement  liquids. 

In  processes  involving  diffusion  rates  and  the  availability  of 
internal  surface  to  large  molecules,  a  knowledge  of  total  pore 
volume  is  less  important  than  a  knowledge  of  the  fraction  of  total 
pore  volume  contributed  by  pores  in  a  given  size  range— i.e.,  of 
the  distribution  of  pore  sizes.  It  is  convenient  to  classify  the  in¬ 
ternal  pores  of  porous  materials  roughly  in  two  ranges.  Present 
usage  {2)  applies  the  name  “micropores”  to  those  having  radii 
smaller  than  100  A.;  “macropores”  to  those  larger  than  100  A. 
The  division  of  the  pore  volume  of  a  given  porous  material  into 
micro-  and  macropores  implies  the  existence  of  a  distribution  in 
size,  yet  little  work  has  been  done  in  the  determination  of  such 
distribution  functions. 

Rabinowitsh  and  Fortunatow  {12)  have  determined  the  re¬ 
spective  fractions  of  micro-  and  macropores  in  a  number  of  porous 
solids  by  means  of  the  Kelvin  equation.  Pore-size  distributions 
in  the  micro  region  have  been  determined  qualitatively  using  the 
Kelvin  equation  by  ICubelka  (8)  whose  work  is  largely  invali¬ 
dated  by  neglect  of  adsorption.  The  adsorption  equation  of 
Brunauer,  Deming,  Deming,  and  Teller  (3)  may  be  of  some  use 
in  this  connection,  but  is  open  to  the  criticism  that  it  does  not 
satisfactorily  combine  the  simultaneous  effects  of  adsorption  and 
capillary  condensation.  Jellinek  and  Fankuchen  (/)  have  used 
the  scattering  of  x-rays  at  very  small  angles  to  evaluate  pore 
size  (or  particle  size)  but  assumed  a  constant  average  size.  The 
unpublished  work  of  Shull  {14)  on  low-angle  x-ray  scattering 
takes  into  consideration  a  pore-size  distribution;  but,  this  method 
not  only  cannot  conveniently  be  used  for  pores  larger  than  per¬ 
haps  500  A.  in  radius,  but  the  results  in  terms  of  pore  size  may 
also  be  open  to  question.  This  paper  presents  a  method  for  de¬ 
termining  the  macropore-size  distribution  in  a  porous  solid  as  well 
as  the  derived  distributions  for  some  typical  porous  materials. 

Washburn  {16)  has  poiiited  out  the  fact  that  surface  tension 
opposes  the  entrance  into  a  small  pore  of  any  liquid  having  an 
i  First  part  of  paper  on  “Pore-Size  Distribution  in  Porous  Materials”. 
Second  part  is  found  on  page  787. 


angle  of  contact  greater  than  90°  (the  common  phenomenon  of 
capillary  depression) ;  that  this  opposition  may  be  overcome  by 
the  application  of  external  pressure;  and  that  the  pressure  re¬ 
quired  to  fill  a  given  pore  is  a  measure  of  the  size  of  the  pore. 
Henderson,  Ridgway,  and  Ross  {6)  have  used  this  principle  in  a 
very  limited  way,  and  Loisy  {9)  has  proposed  the  use  of  the  same 
principle  in  a  study  of  pore-size  distributions. 

The  relation  (quoted  by  Washburn)  giving  the  pressure  re¬ 
quired  to  force  liquid  into  a  pore  of  given  size  is 

pr  =  —  2  <r  cos  6  (1) 

where  p  is  the  pressure,  r  the  pore  radius,  <j  the  surface  tension, 
and  6  the  contact  angle.  It  may  be  derived  as  follows:  In  a  pore 
of  circular  cross  section,  the  surface  tension  acts  along  the  circle 
of  contact  over  a  length  equal  to  the  perimeter  of  the  circle.  This 
force  is  2  7rr<r.  Normal  to  the  plane  of  the  circle  of  contact,  the 
force  tending  to  squeeze  the  liquid  out  of  the  pore  is  —  2irra  cos  6. 
(The  negative  sign  arises  from  the  fact  that  the  angle  between  the 
direction  of  action  of  the  surface  tension  and  the  positive  normal 
to  the  plane  of  contactisx  —  9.  Since#  >  90°,  the  term  2  xr<r  X 
cos  d  is  intrinsically  positive.)  Opposing  this  force  is  the  applied 
pressure  acting  over  the  area  of  the  circle  of  contact  with  a  force 
equal  to  irr2p.  At  equilibrium  these  opposing  forces  are  equal: 
—  2ir?<7  cos  6  =  xr2p,  whence  Equation  1  follows  immediately. 

From  this  relation  it  appears  that  a  porous  material  under 
zero  pressure  will  “absorb”  none  of  any  nonwetting  liquid  in 
which  it  is  immersed.  When  the  pressure  is  raised  to  some  finite 
value,  the  liquid  will  penetrate  and  fill  all  pores  having  radii 
greater  than  that  calculated  from  Equation  1.  [The  authors 
have  arbitrarily  excluded  from  the  category  of  "pores”  all  those 
openings  having  radii  greater  than  that  given  by  1  for  p  =  25 
pounds  per  sq.  inch  (1.75  kg.  per  sq.  cm.).  This  is  the  lowest 
pressure  to  which  their  samples  are  subjected  and  corresponds 
to  a  radius  of  about  43,000  A.,  which  is  below  the  limit  of  resolu¬ 
tion  of  the  unaided  eye.]  As  the  pressure  is  increased  the 
amount  of  liquid  “absorbed”  increases  monotonically  at  a  rate 
proportional  to  the  differential  pore  volume  due  to  pores  of  size 
corresponding  to  the  instantaneous  pressure.  Thus,  a  given 
pore-size  distribution  gives  rise  to  a  unique  pressuring  curve, 
and,  conversely,  a  given  pressuring  curve  affords  a  unique  deter¬ 
mination  of  the  pore-size  distribution. 

SOURCES  OF  ERROR 

Deviation  from  the  assumed  circular  cross  section  is  an  impor¬ 
tant  source  of  error.  It  should,  however,  be  noted  that  this  as¬ 
sumption  appears  in  Equation  1  only  through  the  ratio,  2/r,  of 
perimeter  to  area.  For  noncireular  cross  sections,  this  ratio  will 
still  be  of  the  order  of  the  reciprocal  of  some  average  radius  al¬ 
though  the  constant,  2,  may  change.  The  effect  here  will  be 
only  to  change  the  radii  calculated  from  Equation  1  for  various 
pressures  by  a  constant  factor.  The  shape  of  the  distribution 
curve  and  order  of  magnitude  of  the  calculated  radii  will  not  be 
appreciably  different. 

The  question  of  the  correct  contact  angle  between  liquid  and 
solid  is  uncertain.  The  authors  have  adapted  this  experimental 
method  to  the  use  of  mercury  as  the  working  liquid,  inasmuch  as 
mercury  has  a  contact  angle  greater  than  90  °  for  most  solids,  and 
have  measured  contact  angles  for  mercury  on  a  large  variety  of 
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materials  by  the  heigh t-of-sessile-drop  method  {11),  obtaining 
values  ranging  from  135°  to  142°  ( 1 ).  While  the  surfaces  used 
were  in  equilibrium  with  air  at  normal  humidity,  and  the  contact 
angles  thus  measured  are  probably  high  because  of  adsorbed 
moisture,  it  would  seem  that  the  internal  surfaces  of  the  porous 
materials  must  be  similarly  contaminated;  and  that  the  meas¬ 
ured  contact  angle  is  close  to  the  true  value  required  in  applica¬ 
tion  of  Equation  1.  The  authors  have  assumed  an  average  con¬ 
tact  angle  of  140°  in  this  study.  Differentiation  of  Equation  1 
and  elimination  of  p  give 

—  =  —  A#  tan  9  (2) 


as  the  fractional  error  incurred  in  calculated  pore  radius  by  an 
error  of  \8  in  contact  angle.  For  8  in  the  neighborhood  of  140°, 
\r/r  for  a  1°  error  in  contact  angle  is  only  about  1.5%.  This 
error  is  probably  smaller  than  that  caused  by  taking  the  perimeter 
to  cross-sectional  area  ratio  as  2/r,  and  moreover  operates  in  the 
same  manner  in  its  ultimate  effect  on  the  distribution  curve. 

If  9  is  not  in  the  neighborhood  of  140°,  the  only  effect  is  the 
same  magnification  or  reduction  in  the  scale  of  pore-radius  values, 
although  the  size  of  the  error  may  be  considerably  more  serious. 
Table  I  shows  the  variation  in  calculated  pore  radius  with  ap¬ 
plied  pressure  for  contact  angles  of  140°  (used  in  this  investiga¬ 
tion),  112°  (found  by  Washburn  for  mercury  on  glass,  15),  and 
180°  (the  extreme  case). 

The  pore  radius  calculated  by  this  method  is  the  radius  of  the 
opening  to  the  pore.  If  there  exist  in  the  material  pores  which  are 
considerably  larger  than  the  largest  entrances  to  them,  these 
pores  will  be  measured  as  of  the  size  of  the  largest  opening.  Inas¬ 
much  as  availability  of  internal  surface  is  determined  by  the  size 
of  opening  to  a  pore,  however,  this  is  an  advantage  in  that  it 
gives  the  total  volume  of  pores  available  to  penetrants  of  any  given 


Pressure  Porosimeter 


size.  In  ^>oint  of  availability,  if  one  is  concerned  with  molecules 
20  A.  in  diameter,  it  is  less  important  to  know  that  a  certain  pore 
has  a  diameter  of  40  A.  than  that  the  largest  entrance  to  it  is  only 
15  A.  In  this  connection,  see  {13). 

PRESSURE  POROSIMETER 

Experimentally,  the  essential  problem  is  to  measure  the  small 
changes  in  volume  of  a  mass  of  mercury,  in  which  the  porous 
material  under  investigation  is  immersed,  when  the  mercury  is 
subjected  to  varying  external  pressure.  The  volume  changes  are 
measured  electrically  in  a  glass  dilatometer  placed  in  a  thermo- 
stated  high-pressure  bomb  and  subjected  to  fluid  pressure  up  to 
10,000  pounds  per  sq.  inch(700kg.  persq.  cm.).  (Using#  =  140° 
and  a  =  480  dynes  per  cm,  Equation  1  gives  107  A.  as  the  pore 
radius  in  equilibrium  at  10,000  pounds  per  sq.  inch.  Thus,  in¬ 
vestigations  up  to  10,000  pounds  per  sq.  inch  just  cover  the 
macropore  range.) 

The  dilatometer  is  of  the  usual  one-piece  type.  Samples  vary¬ 
ing  from  1  to  20  grams  are  normally  charged,  and  the  capillary 
tubing  has  a  cross-sectional  area  of  about  0.04  cc.  per  cm.  Larger 
or  smaller  capillary  tubing  may  be  used  for  very  porous  or  slightly 
porous  material. 

The  dilatometer  is  provided  with  a  device  for  observing  the 
height  of  mercury  in  the  capillary  when  enclosed  in  an  opaque 
metal  bomb.  A  metal  wire  is  strung  taut  along  the  inside  of  the 
capillary  tubing  and  made  one  arm  of  a  resistance  bridge.  The 
length  of  exposed  wire  is  then  equal  to  the  length  of  capillary 
not  filled  with  mercury.  Since  the  mercury  column  will  act  as  a 
conductor  of  effectively  zero  resistance,  shorting  out  more  or  less 
of  the  wire  as  the  mercury  is  raised  or  lowered,  the  resistance  of 
the  wire-mercury  conductor  is  a  measure  of  the  mercury  height. 


Table  I.  Variation  of  Pore  Radius  with  Pressure  for  Several  Values  of 
Contact  Angle 


Pressure, 

Pore  Radius  for  Contact 

Angles  of : 

P.s.i. 

140° 

112° 

180° 

A. 

A. 

A. 

23 

42,680 

20,840 

55,680 

100 

10,670 

5,210 

13,920 

200 

5,330 

2,600 

6,960 

300 

3,560 

1,740 

4,640 

400 

2,670 

1,300 

3,480 

500 

2,135 

1,040 

2,780 

700 

1,520 

744 

1,990 

1,000 

1,067 

521 

1 ,392 

1,500 

712 

347 

928 

2,000 

533 

260 

696 

3,000 

356 

174 

464 

4,000 

267 

130 

348 

5,000 

214 

104 

278 

6,000 

178 

87 

232 

7,000 

152 

74 

199 

8,000 

133 

65 

174 

9,000 

119 

58 

155 

10,000 

107 

52 

139 

Figure  1 .  Mercury  Dilatometer 
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If  the  tubing  is  of  uniform  diameter  and  the  wire  of  uniform  re¬ 
sistance,  then  the  change  in  resistance  of  the  wire-mercury  con¬ 
ductor  will  be  a  direct  measure  of  the  change  in  volume  of  the 
mercury. 

Figure  1  is  a  diagram  of  the  dilatometer.  The  wire  is  looped 
over  a  bridge  fused  across  the  junction  of  capillary  to  bulb,  and 
passes  up  through  the  capillary  and  out  through  side  holes  in  the 
tubing.  The  ends  are  separately  anchored  between  cushioned 
nuts  threaded  on  an  insulating  screw.  Another  nut  provided 
with  locknut  is  threaded  on  the  inner  end  of  the  screw,  so  that 
when  this  nut  is  tightened  the  screw  is  backed  out  of  the  tube 
and  the  wire  thereby  stretched  taut.  The  smooth  glass  bridge 
allows  the  tension  to  equalize  over  both  branches  and  obviates 
separate  tightening.  The  authors  have  used  No.  32  platinum 
wire.  Platinum  is  used  because  it  is  the  only  common  metal 
with  an  air-stable  surface  not  attacked  by  mercury,  and  this  size 
is  a  compromise  between  sturdiness  and  flexibility. 

The  dilatometer  is  calibrated  directly  in  cubic  centimeters  per 
ohm  by  taking  coordinated  readings  of  resistance  and  weight  of 
mercury  buretted  from  a  stopcock  sealed  temporarily  to  the  bot¬ 
tom  of  the  dilatometer,  while  the  latter  is  held  at  0°  C.  in  an  ice 
bath.  For  convenience,  only  those  dilatometers  exhibiting  a 
constant  cubic  centimeter  per  ohm  conversion  factor  are  retained 
for  use.  Dilatometer  5,  for  example,  had  an  average  conversion 
factor  of  0.608  cc.  per  ohm  with  an  average  deviation  over  its  use¬ 
ful  length  of  0.002  cc.  per  ohm.  • 


z»TO  VACUUM 


Figure  2.  Filling  Pistol  for  Dilatometer 


The  dilatometer  is  filled  with  sample  through  its  open  bottom, 
sealed  off,  and  placed  in  the  filling  pistol  as  shown  in  Figure  2. 
The  pistol  is  evacuated  at  about  10“3  mm.  of  mercury  for  30 
minutes,  during  which  time  the  mercury  is  poured  back  and  forth 
several  times  between  the  reservoir  and  the  barrel  of  the  pistol. 
Finally,  the  pistol  is  up-ended  with  the  dilatometer  head  down, 
isolated  from  the  vacuum  line,  and  the  vacuum  broken  by  re¬ 
moving  the  stopcock  plug.  Atmospheric  pressure  forces  mercury 
through  the  dilatometer  head  and  fills  the  entire  vessel  with  mer¬ 
cury. 

In  operation,  the  filled  dilatometer  is  placed  in  a  high- 
pressure  bomb  with  one  end  of  the  resistance  wire  grounded 
and  the  other  brought  through  an  insulated  lead  in  the  bomb 
head.  (The  high-pressure  insulated  lead  is  a  product  of  the 
.American  Instrument  Company,  Silver  Spring,  Md.)  Pres¬ 
sures  up  to  2000  pounds  per  sq.  inch  are  supplied  from  a  full 
cylinder  of  nitrogen  and  read  on  a  dial  gage  ( ±  10  pounds 
per  sq.  inch)  calibrated  against  a  dead  weight  gage.  Pres¬ 
sures  from  2000  to  10,000  pounds  per  sq.  inch  are  generated 
by  forcing  oil  into  the  bomb  with  a  hand-operated  Bosch 
fuel-injection  pump  and  read  directly  on  the  dead  weight 
gage.  The  initial  2000  pounds  per  sq.  inch  of  gas  pressure 
provide  a  cushion  at  the  top  of  the  bomb  which  prevents  oil 
from  the  Bosch  pump  from  spilling  over  into  the  top  of  the 
dilatometer  at  the  higher  pressures  and  consequent  fouling 
of  the  capillary  tube. 

Pressuring  is  stopped  from  time  to  time  and  coordinated 
readings  of  pressure  and  resistance  are  made.  With  some 
materials  there  is  a  measurable  rate  of  penetration  and  time 
is  allowed  for  the  resistance  to  rise  to  its  equilibrium 
value.  When  the  pressure  is  rapidly  applied  there  is  a 
noticeable  rise  in  temperature  and  time  is  allowed  ifor  the 
system  to  cool  and  the  resistance  to  fall  to  its  equilibrium 


value.  Corrections  to  the  observed  gage  pressure  are  made  by 
adding  atmospheric  pressure  plus  the  average  mercury  height  in 
the  dilatometer.  Table  II  gives  typical  data  for  five  porous 
materials  investigated.  The  final  pressuring  curve  is  obtained  by 
plotting  against  observed  pressure  (corrected),  p,  the  volume  of 
mercury  “absorbed”  per  gram  of  porous  material,  Vo  —  V. 
Typical  pressuring  curves  are  shown  in  Figures  3  and  6. 

The  compressibility  of  mercury  and  the  change  of  resistance 
with  pressure  of  platinum  are  both  negligible  in  this  pressure 
range.  This  supposition  was  satisfactorily  checked  by  filling  the 
dilatometer  with  mercury  only  and  pressuring  to  10,000  pounds 
per  sq.  inch. 


PORE-SIZE  DISTRIBUTION 

Let  the  total  volume  of  all  pores  having  radii  between  r  and  r  + 
dr  be 


dV  =  D{r)dr  (3) 

where  D  ( r )  is  the  distribution  function  for  pore  size.  From  Equa¬ 
tion  1,  assuming  constant  a  and  0, 

pdr  +  rdp  —  0  (4) 

Eliminating  r  and  dr  from  Equations  1,  3,  and  4  gives 


t\ t  ,  2  cos  0  j  t\/  \  j 

dV  =  D(r)  - 5 —  dp  -  — D(r)  -  dp 


p‘ 


V 


(50 


The  volume  measured  by  the  dilatometer  is  the  volume  of  al 
pores  having  radii  greater  than  r — i.e.,  the  total  pore  volume,  Vo, 
decreased  by  the  volume,  V,  of  pores  smaller  than  r.  Thus  the 
pressuring  curves  plot  Vo  —  V  as  a  function  of  p.  The  slope  of 
d(V o  -  V)  dV  .  .. 

the  pressuring  curve, - is  then  an  experimen¬ 

tally  determinable  quantity  and  Equation  5'  may  now  be  re¬ 
written  in  the  form 


»« - 


(5) 


in  which  all  the  terms  on  the  right  are  known  or  determinable. 

Values  of  the  derivative  in  Equation  5  required  to  evaluate 
D(r)  are  readily  obtained  by  graphical  differentiation.  For  a 
number  of  values  of  p,  the  pressuring  curve  is  differentiated  to  ob¬ 
tain  d(V o  —  V)/dp,  r  is  calculated  from  Equation  1,  and  D(r)  is 
calculated  from  Equation  5.  Plotting  D(r)  against  r  gives  the 
distribution  curve. 

Curve  A  of  Figure  3  is  the  pressuring  curve  for  a  sample  of 
diatomaceous  earth  (Cehte  catalyst  carrier  Type  296  furnished 


Figure  3.  Pressuring  Curves  for  Some  Porous  Materials 
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Fritted  Glass 


by?J ohns-Manville  Corp.)  heated  to  550°  C.  for  16  hours.  By 
differentiating  and  applying  Equation  5,  the  circled  points  in  the 
plot  of  Figure  4  were  obtained.  The  points  appear  to  form  a  modi¬ 
fied  Maxwellian  distribution,  and  an  attempt  was  made  to  fit  a 
curve  of  the  form 

dm  -  A($y ap  (-$)  <e) 

to  these  points.  Equation  6  contains  three  arbitrary  constants — 
A,  n,  and  r0 — for  adjustment  to  the  experimental  points.  The 
method  of  least  squares  is  not  applicable  to  this  fitting,  but  other 
methods  may  be  applied.  The  method  chosen  here  was  to  deter¬ 
mine  the  three  constants  from  three  salient  features  of  the  curve. 
Inspection  of  the  plotted  points  affords  an  estimate  of  rm,  the  pore 
radius  corresponding  to  the  peak  of  the  distribution;  D„,  the 
value  of  D(r)  at  this  point;  and  F0,  the  pore  volume  determined 
from  either  the  densities  or  the  extrapolated  value  for  V0  —  F  as 

P  — *■  00 . 

By  equating  dD(r)/dr  to  zero,  it  is  found  that 


rm  =  r0y/~n 


(7) 


(n/e)nV  n  rmD„  (10) 

T(n-H)  2  7, 

which  may  be  solved  for  n.  Equations  7  and  8  then  serve  to 
find  r0  and  A. 

For  the  diatomaceous  earth  of  Figure  4,  rm  and  Dm  were  esti¬ 
mated  to  be4100  A.  and  17.5  X  10_6cc.  per  A.,  respectively.  Table 
II  gives  F0  =  1.045  cc.  From  these  data,  n  =  0.58,  r0  =  5380  A., 
and  A  =  4.16  X  10-4  cc.  per  A.  The  upper  curve  of  Figure  4 
is  a  plot  of  Equation  6  with  these  values  for  the  constants.  This 
distribution  may  perhaps  be  regarded  as  the  “normal”  distribu¬ 
tion  for  pores  in  a  porous  solid,  and  the  indicated  agreement  be¬ 
tween  the  postulated  distribution  and  that  found  experimentally 
is  satisfactory.  The  area  under  this  curve  is  the  total  pore  vol¬ 
ume,  F0. 

The  average  pore  radius  is  defined  as 

r  =  J'  rD(r)dr/V 0  (11) 

Given  the  numerical  function,  D(r),  r  may  be  calculated  by 
some  process  of  numerical  integration.  A  value  for  an  average 
pore  radius  may  also  be  obtained  from  the  measured  volume  per 
surface  ratio  for  the  pores.  Table  II  gives  values  for  the  pore 
volume  calculated  from  measured  densities,  surface  area  by  the 
BET  method  (4),  average  pore  radius  calculated  from  these 
values,  and  average  pore  radius  calculated  from  Equation  11. 


Figure  5.  Distribution  Function  for  Porous  Plate 


Placing  this  value  of  r„  in  Equation  6  gives 

Dm  —  A(n/e)n  (8) 

Integrating  Equation  3  from  zero  to  infinity  with  D(r)  given 
by  Equation  6  gives 

F0  =  ArmT{n  +  ^)/2  yfn  (9) 

Eliminating  A  from  Equations  8  and  9  gives 


In  the  case  of  the  “normal”  distribution  of  Equation  6,  Equa¬ 
tion  11  may  be  reduced  to 


r 


r(n  +  1) 

T{n  +  i)  r° 


(12) 


For  the  diatomaceous  earth,  r  calculated  from  Equation  12  is 
4990  A.  compared  with  5430  and  4580  obtained  by  the  other 
methods. 


The  average  pore  radius  calculated  from  Equation  1 1  is  always 
less  than  that  calculated  by  assuming  a  geometric  model  for  the 

pores  and  using  the  volume/ 


Table  II.  Physical  Data  on  Some  Porous  Materials 


Average 
Pore  Radius 
Dis- 


Macro¬ 

Total 

tribu- 

Vo-v  at  Pressures  of: 

pore 

Pore 

tion 

100 

200 

500 

1000 

2000 

5000 

Vol¬ 

Vol¬ 

Macro 

-  Surface'  V/S 

func¬ 

p.s.i. 

p.s.i. 

p.s.i. 

p.s.i. 

p.s.i. 

p.s.i. 

ume 

ume 

pores 

Area  ratio*1 

tion' 

Cc.  per  gram 

Cc./g.a 

Cc./g. 

»  % 

Sg.  m./g. 

Diatomaceous  earth 

0.132 

0.460 

0.918 

1.013 

1.040 

1.045 

1.049 

1.14 

92 

4 . 2  5430 

4580 

Coors  porous  plate 

0.001 

0.003 

0.093 

0.152 

0.162 

0.172 

0.173 

0.172 

100 

1.6  2150 

1860 

Fyrex  UF  fritted  glass  0.001 

0.012 

0.159 

0.168 

0.169 

0.169 

0.169 

0.175 

97 

0.69  5100 

4190 

Activated  clay 

0.001 

0.002 

0.009 

0.071 

0.123 

0.166 

0.195 

0.518 

27 

223  46 

<50/ 

Pelleted  gel 

0.003 

0.040 

0.108 

0.133 

0.152 

0.168 

0.178 

0.657 

37 

323  40 

<50/ 

°  Equals  Vo-V  at  10,000  p.s.i. 
k  Calculated  from  real  and  particle  densities. 
e  BET  method,  using  Nj  at  its  normal  b.p. 

d  Radius  of  uniform  circular  cylinder  having  BET  surface  and  volume  equal  to  total  pore  volume  (A.). 
*  From  r  -  frD(r)dr/ f  D(r)dr(.k.). 

/  Estimated  from  Figure  7. 


surface  ratio,  providing  the 
porosimeter  has  measured 
essentially  all  of  the  total 
pore  volume — i.e.,  providing 
there  is  no  significant  micro¬ 
pore  volume.  This  presum¬ 
ably  is  because  r  in  Equation 
11  refers  not  to  the  radius  of 
the  pore  but  to  the  radius  of 
the  largest  opening  to  the 
pore.  This  value  of  r  is  neces¬ 
sarily  not  greater  than  the  true 
pore  radius,  and  is,  in  general, 
smaller.  Thus  a  comparison  of 
the  last  two  columns  of  Table 
II  affords  a  qualitative  meas¬ 


ure  of  “ink-bottle”  pores  in 
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those  cases  where  “%  macropores”  is  near  100.  The  paper 
following  this  one  will  discuss  the  “ink-bottle”  pore  shape 
phenomenon  in  connection  with  the  hysteresis  observed  during 
depressuring  ( 5 ). 

NONNORMAL  AND  INCOMPLETE  DISTRIBUTIONS 

Curve  B  of  Figure  3  is  the  pressuring  curve  for  a  fine-pore 
fritted  glass  (Pyrex  fritted  glass,  ultrafine  porosity,  kindly  fur¬ 
nished  by  Coming  Glass  Works),  and  the  lower  curve  of  Figure  4 
shows  the  derived  distribution  function.  No  information  on  the 
particle  size  classification  prior  to  sintering  is  available  from  the 
manufacturers,  but  this  distribution  is  probably  not  “normal”. 
(An  attempt  was  made  to  fit  these  points  to  a  displaced  Gaussian 
distribution,  but  the  best  fit  is  rather  poor.  The  curve  drawn  is 
merely  a  smooth  cur/e  through  the  points.)  The  sharp  cutoff 
on  both  sides  of  the  peak  seems  to  indicate  that  a  relatively  nar¬ 
row  range  of  particle  sizes  is  retained  for  sintering,  with  a  conse¬ 
quent  narrow  range  of  pore  sizes.  The  average  pore  diameter  of 
8400  A.  is  in  good  agreement  with  the  manufacturer’s  statement 
that  filtrates  through  this  porous  body  are  usually  bacterially 
sterile. 

Curve  C  of  Figure  3  is  the  pressuring  curve  for  another  ceramic 
material,  Coors  porous  plate  (No.  760,  Coors  Porcelain  Co., 
Golden,  Colo.),  the  derived  distribution  for  which  is  plotted  in 
Figure  5.  The  sharp  drop  in  frequency  of  occurrence  of  pore 
sizes  at  about  3000  A.  is  remarkable.  Thus,  pores  of  radius  3500  A. 
are  present  to  the  extent  of  only  3%  of  the  pores  of  radius  2700  A. 
The  distribution  to  the  left  of  the  peak  is  a  great  deal  wider 
and  appears  Maxwellian.  One  is  tempted  to  presume  that  the 
derived  distribution  is  a  part  of  a  wider  and  “normal”  parent  dis¬ 
tribution  such  as  is  shown  dotted  in  the  figure,  and  such  as  might 
be  obtained  by  a  very  efficient  classification  process  that  removes 
the  large-pore  portion.  Advice  from  the  manufacturers,  how¬ 
ever,  indicates  that  this  presumption  is  incorrect. 


The  method  is  not  restricted  to  macropore  structure.  While 
this  investigation  is  limited  to  pressures  up  to  10,000  pounds  per 
sq.  inch  (down  to  100  A.  in  pore  radius),  the  principle  applies 
down  to  pore  sizes  so  small  that  the  concepts  of  surface  tension 
and  contact  angle  break  down — i.e.,  to  where  the  pores  are  no 
longer  large  compared  to  the  atomic  dimensions  of  mercury. 
Thus,  in  materials  to  whose  pore  volume  there  is  a  significant 
contribution  from  micropores,  the  entire  distribution  is  not  de¬ 
rivable  from  pressuring  only  to  10,000  pounds  per  sq.  inch;  but 
pressuring  to  50,000  pounds  per  sq.  inch  (corresponding  to  r  = 
20  A.,  the  probable  lower  limit)  would  give  valuable  data  for 
elucidating  micropore  size  distributions.  Nevertheless,  pressur¬ 
ing  curves  up  to  10,000  pounds  per  sq.  inch  even  for  materials 


Figure  7.  Distribution  Functions  for  Materials  of  Figure  6 


largely  microporous  are  of  value  even  wdthout  the  distribution. 
Such  data  will  be  presented  and  discussed  in  a  later  paper  (5) . 

Partial  distributions  for  two  microporous  materials,  an  acti¬ 
vated  clay  and  a  pelleted  silica-alumina  gel,  are  shown  in  Figure 
7,  taken  from  the  pressuring  curves  of  Figure  6.  The  pelleted 
gel  show's  a  superposition  of  two  distributions  (one  incomplete 
here) ;  one  is  the  micropore  distribution,  the  other  a  macrodistri¬ 
bution  presumably  due  to  pelleting  of  relatively  large  gel  par¬ 
ticles.  The  clay  catalyst  shows  only  a  continuous  distribution 
extending  well  into  the  micro  region.  Table  II  shows  that  the 
area  under  the  incomplete  peaks  (micropore  volume)  in  both 
cases  must  be  3  to  4  times  the  area  under  the  curves  to  the  right 
of  r  =  100  A.  With  this  in  mind,  one  can  estimate  the  approxi¬ 
mate  average  pore  radius  at  about  50  A.  for  both  samples. 
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Macropore-Size  Distributions  in 
Some  Typica  I  Po  rous  Substances 

L.  C.  DRAKE  and  H.  L.  RITTER 
Socony-Vacuum  Oil,  Co.,  Paulsboro,  N.  J. 


Macropore-size  distributions  in  typical  porous  substances  have  been 
measured,  using  the  pressure  porosimeter  described  in  the  previous 
paper.  Substances  investigated  include  fuller's  earth,  diatomacecus 
earths,  silica-alumina  gels,  flint  quartz,  porous  iron,  activated  clay 
pellets  and  porous  desiccants. 


POROUS  materials  are  characterized  by  two  related  quanti¬ 
ties:  a  particle  density  which  is  appreciably  lower  than  the 
real  or  true  density  of  the  material,  and  a  surface  area  which  is 
greater  than  the  observable  geometric  surface  area.  Porous  ma¬ 
terials  differ  widely  in  each  of  these  characteristics;  for  example, 
the  particle  density  of  some  diatomaceous  earths  is  only  20%  of 
the  true  density,  and  some  activated  carbons  have  surface  areas 
500,000  times  the  external  geometric  area,  while  the  particle 

>Second  part  of  paper  on  “Pore-Size  Distribution  in  Porous  Materials.” 
First  part  is  found  on  page  782. 


density  of  a  porous  filter  plate  may  be  70%  of  its  real  density,  and 
its  surface  area  is  only  1000  times  its  geometric  area. 

The  pores  within  a  granule  of  porous  material  may  also  vary 
widely  in  absolute  dimensions,  from  those  readily  seen  by  the 
naked  eye  (106  A.  in  diameter)  to  those  with  diameters  of  only  4 
or  5  A.  It  is  obvious  that  the  large  pores  contribute  very  little 
to  the  total  surface  area  of  the  material.  Wicke  (11)  estimated 

o 

that  the  surface  area  contributed  by  pores  averaging  20  A.  in 
diameter  in  a  sample  of  charcoal  is  1500  sq.  meters  per  gram, 
while  the  surface  area  contributed  by  a  practically  equal  volume 
of  pores  averaging  20,000  A.  in  diameter  is  only  1.7  sq.  meters. 
This  ratio  of  surface  area  contribution  by  large  and  small  pores 
will  vary  from  one  material  to  another,  depending  upon  the  pore- 
size  distribution. 

Although  these  large  or  macropores  contribute  little  to  the 
total  surface  area,  they  may  serve  an  important  function  as  dis¬ 
tributing  arteries  to  the  smaller  or  micropores  (2,  4,  10).  The 
rate  of  adsorption  or  catalytic  action  is  intimately  tied  up  with 
the  diffusion  velocity  of  the  reactants  into  the  porous 
material  and  this  is  governed  in  part  by  the  quantity 
and  size  distribution  of  the  macropores. 

A  rough  value  for  the  average  diameter  of  the  pores 
of  a  material  may  be  calculated  from  total  pore 
volume  and  surface  area  measurements  (5) .  Thus,  as¬ 
suming  uniform  cylindrical  pores  we  have: 

4  X  pore  volume 
surface  area 

The  values  in  the  last  column  of 
Table  II  were  calculated  from  this 
relationship.  It  is  obvious  that 
with  materials  having  a  wide  range 
of  pore  sizes  such  values  have  little 
significance. 

Pore  diameters  may  also  be  cal¬ 
culated  from  adsorption  data  by 
means  of  the  Kelvin  equation  ( 1 ). 
Adsorption  values  at  high  relative 
pressures,  corresponding  to  con¬ 
densation  in  macropores,  are,  how¬ 
ever,  extremely  difficult  to  obtain 
and  extrapolations  from  lower  rela¬ 
tive  pressures  are  of  dubious  utility. 

Persorption  studies  are  also  of 
little  help  in  macropore-size  stud¬ 
ies  because  of  the  lack  of  a  variety 
of  molecules  of  the  necessary  di¬ 
mensions. 

The  penetration  of  porous  solids 
by  mercury  may  be  easily  dem¬ 
onstrated  with  simple  apparatus 
at  pressures  under  20  pounds  per 
sq.  inch.  The  data  in  Table  I 
were  obtained  with  a  40-cc.  glass 
bulb  dilatometer  attached  to  a  2- 
mm.  bore  capillary  arm.  In  these 
measurements  the  samples  were 
evacuated,  covered  with  mercury, 
thermostated  at  40°  C.,  and  the 
position  of  the  mercury  level  noted. 
The  pressure  on  top  of  the  mercury 
in  the  dilatometer  was  lowered  by 
means  of  a  Hy-Vac  pump  or  in- 


Table  I.  Variation  of  Macroporosity  Measured  at  Low  Pressures 


Volume  of  Mercury  Removed  from  (  — )  and  Forced  into  (  +  ) 
Pores,  Cc.  per  Gram  X  10  at  Mm.  of  Hg  Pressure  Indicated 


Material 

550 

660 

860 

1070 

1300° 

1460 

1560 

1660 

2  Coors  porous  plate 

-2.4 

-2.2 

-1.2 

-0.3 

0 

+0.9 

+  1.6 

+  1.8 

6  Activated  clay 

-3.3 

-2.7 

-1.3 

-0.3 

0 

+  0.8 

+  1.4 

5  Fuller’s  earth 

-10 

-3.4 

-1.8 

0 

+  2.3 

+  2.8 

+  4.0 

3  Diatomaceous  earth 

-56 

-37 

-22 

-10 

0 

+  28 

+  51 

+  136 

16  Type  M  fritted  glass 

-300 

-150 

-66 

-22 

0 

+  210 

+  330 

+420 

“  Atmospheric  pressure  plus  mercury  height  in  dilatometer. 


Pore  diameter  = 


Table  II.  Physical  Properties  of  Porous  Materials 


Mesh 

Size 

Surface 

Density 

Pore  Volume0 

Material 

(Tyler) 

Area0 

Bulk 

Particle** 

Real 

Total 

Macro 

Macr0 

Sq.  m./g. 

Gram/cc. 

Cc./g. 

% 

Clay  Type 

6 

Activated  clay 

4-6 

223 

0.68 

l.in 

2.614 

0.518 

0. 195 

38 

7 

Activated  clay 

4-6 

147 

0.81 

1.242 

2.495 

0.405 

0. 165 

41 

5 

Fuller’s  earth 

5-7 

129 

0.55 

0.860 

2.660 

0.787 

0.562 

71 

3 

Diatomaceous  earth 

4-6 

4.2 

0.32 

0.631 

2.265 

1.14 

1.049 

92 

4 

Diatomaceous  earth 

4-8 

<  1 

0.29 

0.470 

2.327 

1.7 

1.5 

88 

Desiccant  Type 

10 

Bauxite 

8-14 

228 

0.88 

1.575 

3.622 

0.360 

0. 124 

34 

11 

Activated  alumina 

8-14 

175 

0.81 

1.547 

3.67  5 

0.388 

0.123 

32 

12 

Silica  gel 

4-8 

669 

0.77 

1.226 

2.251 

0.371 

0.0072 

1.9 

Activated  Carbons 

8 

Columbia  carbon 

6-8 

1397 

0.42 

0.754 

1.897 

0.802 

0.344 

43 

9 

Darco  carbon 

4-12 

560 

0.36 

0.732 

2.086 

0.888 

0.685 

77 

Gel  Type 

13A 

Silica-alumina  gel 

4-8 

280 

1.00 

1.558 

2.369 

0.228 

0.0019 

0.8 

13B 

Silica-alumina  gel 

4-8 

404 

0.75 

1.175 

2.388 

0  432 

0.0047 

1.  1 

13C 

Silica-alumina  gel 

4-8 

467 

0.69 

1.126 

2.377 

0.463 

0.0100 

2.2 

13D 

Silica-alumina  gel 

4-8 

372 

0.64 

0.962 

2.378 

0.620 

0.0180 

2.9 

13E 

Silica-alumina  gel 

4-8 

409 

0.55 

0.860 

2.402 

0.747 

0 . 0282 

3.8 

13F 

Silica-alumina  gel 

4-6 

323 

0.55 

0.932 

2.405 

0.657 

0.178 

27 

13G 

Silica-alumina  gel 

4-6 

201 

0.68 

1 . 050 

2.343 

0.527 

0.147 

28 

Miscellaneous  Materials 

1 

Flint  quartz 

4-6 

<  i 

1.53 

2.610 

2.641 

0.0044 

0.0044 

100 

2 

Coors  porous  plate 

8-20 

1.6 

1.00 

1.801 

2.612 

0  172 

0.  173 

100 

14 

Porous  iron 

4-6 

<  1 

5.77 

7.86 

0.046 

0.037 

80 

15 

Fritted  glass 

8-14 

0.69 

0.87 

1.608 

2.237 

0.175 

0.169 

97 

Average 

Pore 

Diameter** 

A. 


93 

110 

244 

11,000 


63 

89 

24 


23 

63 


33 

43 

40 

67 

73 

81 

105 


4,300 
5,100 

“  Calculated  from  low-temperature  nitrogen  adsorption  isotherms  by  means  of  the  Brunauer,  Emmett,  Teller 
method  (3). 

&  Bulk  densities  by  hand  tapping  in  a  250-cc.  graduate,  particle  density  by  mercury  displacement,  real 
density  by  water  displacement. 

*  Total  pore  volumes  obtained  from  difference  between  reciprocals  of  particle  and  real  densities:  macropore 
volume  from  volume  of  mercury  absorbed  at  10,000  p.s.i.  pressure. 

4  Average  pore  diameters  calculated  from  pore  volume  and  surface  area  measurements. 
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Figure  1 . 


Macropore  Volume  of  Fuller's  Earth  and  Activated 
Clay  Pellets 


Figure  2.  Macropore  Volume  of  Porous  Desiccants 


covering  with  mercury.  Weight  of  the  samples  varied  from  1  to 
20  grams,  depending  upon  the  dilatometer  and  macroporosity. 


The  macropore  volumes  calculated  from  particle  and  real  densi¬ 
ties  are  based  on  particle  densities  determined  at  a  total  absolute 
pressure  of  about  17  pounds,  while  the  base  pressure  in  the  high- 
pressure  dilatometer  was  about  25  pounds.  This  difference  in 
pressure  is  negligible  except  with  materials  having  a  large  number 
of  very  large  pores — e.g.,  diatomaceous  earth.  The  data  of 
Table  I  give  a  measure  of  this  variable.  Unavoidable  jarring  of 
the  dilatometer  prior  to  the  initial  resistance  reading  is  also  a 
source  of  error  with  materials  having  very  large  pores. 

Samples  were  exposed  to  atmospheric  conditions  for  only  a 
short  time  prior  to  sealing  in  the  dilatometer,  but  they  must  have 
contained  some  adsorbed  water. 

These  materials  had  received  widely  varying  temperature  and 
other  processing  treatments  during  their  preparation.  It  is  not 
claimed  that  these  individual  samples  are  truly  representative 
of  their  types. 


creased  with  a  bulb  aspirator.  These  data  show  clearly  the  great 
difference  in  the  volume  of  the  very  large  pores  of  these  porous 

materials.  , 

The  pressure  porosimeter  previously  described  (9)  was  used 
in  this  work.  The  materials  were  obtained  from  the  following 
sources:  (1)  flint  quartz  from  New  England  Quartz  Co.,  New 
York,  N.  Y.;  (2)  Coors  porous  plate  No.  760  from  Coors  Porce¬ 
lain  Co.,  Golden,  Colo.;  (3)  diatomaceous  earth,  Celite  catalyst 
carrier  Type  296,  C-20883,  from  Johns-Manville  Corp.,  New 
York  N.  Y.;  (4)  diatomaceous  earth,  Celite  catalyst  carrier 
Type  VI,  C-20882,  from  Johns-Manville;  (5)  fuller’s  earth,  ex¬ 
truded  pellets  from  Attapulgus  Clay  Co.,  Philadelphia,  Pa.;  (6) 
activated  clay,  extruded  pellets,  from  Filtrol  Corp.,  Los  Angeles, 
Calif.;  (7)  activated  clay,  extruded  pellets  after  service  in  cata¬ 
lytic  cracking  unit;  (8)  activated  carbon,  Columbia  pellets,  from 
Carbide  and  Carbon  Chemical  Corporation,  New  York,  N.  Y.; 
(9)  activated  carbon,  Darco  granules  from  Darco  Corporation, 
New  York,  N.  Y.;  (10)  bauxite,  granules  from  Porocel  Corp., 
Philadelphia,  Pa.;  (11)  activated  alumina,  granules  from  Alumi¬ 
num  Ore  Co.,  Pittsburgh,  Pa.;  (12)  silica  gel,  granules  from 
Davison  Chemical  Co.,  Baltimore,  Md.;  (13)  silica-alumina  gels, 
laboratory  and  plant  samples;  A,  B,  C,  D,  and  E  are  nonpel- 
leted;  F  and  G  are  pelleted;  (14)  porous  iron,  briquet,  from 
Metals  Disintegrating  Co.,  Inc.,  Elizabeth,  N.  J.;  (15)  fritted 
glass,  UF  porosity  from  Corning  Glass  Works,  Corning,  N.  Y.; 
(16)  ’fritted  glass,  M  porosity  from  Corning  Glass  Works,  Corn- 
ing  N.  Y. 

In  all  determinations  the  porous  samples  were  heated  for  16 
hours  at  540°  C.  with  the  exception  of  the  fritted  glass,  Coors 
porous  plate,  porous  iron,  activated  carbon,  carbon  on  activated 
clay,  and  diatomaceous  earth  samples.  These  latter  were  oven- 
dried  at  about  150°  C.  The  samples  were  evacuated  for  0.5  hour 
at  0.001  Tnm  of  mercury  pressure  at  room  temperatures  prior  to 


RESULTS 

The  data  obtained  are  presented  in  Figures  1  to  10  in  which 
the  volume  of  mercury  absorbed  in  cubic  centimeters  per  gram  of 
porous  solid  is  plotted  against  applied  pressure.  Pore  diameters 
(140°  contact  angle)  corresponding  to  the  pressures  shown  are 
also  indicated  in  these  figures.  Although  macropore-size  dis¬ 
tributions  are  not  explicitly  exhibited  in  these  curves,  such  dis¬ 
tributions  are  unplied  in  their  shapes,  and  are  in  fact  derivable 
by  methods  previously  outlined  (9).  The  physical  properties  of 
all  these  materials  are  tabulated  in  Table  II. 

Activated  Clay  and  Fuller’s  Earth.  Both  materials 
had  been  extruded  and  cut  to  form  small  pellets.  The  activated 
clay  had  been  acid-leached  prior  to  extrusion  and  had  been  par¬ 
tially  deactivated  by  service  in  a  catalytic  cracking  unit.  The 
total  surface  areas  of  these  samples  were  approximately  equal, 
but  the  distribution  of  macropores  varies  widely  (Figure  1). 
The  absence  of  extremely  large  pores  in  the  fuller’s  earth  and  the 
large  quantity  of  small  macropores  are  clearly  shown. 

Porous  Desiccants.  These  materials  have  been  heated 
much  higher  than  they  would  have  been  for  commercial  utiliza¬ 
tion,  but  the  relative  positions  of  the  curves  of  Figure  2  probably 
would  not  be  changed.  The  absence  of  many  macropores  in  the 
silica  gel  is  noteworthy.  The  total  pore  volumes  of  these  ma¬ 
terials  are  within  7%  of  each  other  but  their  surface  areas  differ 
by  about  400%. 

Although  the  data  presented  by  Henderson,  Ridgway,  and  Ross 
(6)  for  their  sample  of  bauxite  are  very  sketchy  and  they  give 
measurements  at  30  and  900  pounds  per  sq.  inch  pressure  only, 
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we  may  make  a  comparison  between  their  value  of  0.29  cc.  per 
gram  for  the  total  pores  not  filled  at  900  pounds  per  sq.  inch 
pressure  and  the  authors’  value  of  0.32  cc.  per  gram  obtained  from 
a  total  pore  volume  of  0.36  cc.  per  gram  less  the  0.04  cc.  per  gram 
value  obtained  at  900  pounds  per  sq.  inch.  Similar  values  for 
fuller’s  earth,  however,  are  not  so  close.  Their  value  was  0.57 
cc.  per  gram;  the  authors’,  0.78  cc.  per  gram.  There  may  be  a 
considerable  difference  between  the  authors’  samples  and  those 
used  by  Henderson,  Ridgway,  and  Ross. 

Diatomaceous  Earths  and  Activated  Carbons.  These 
materials  are  considered  together  because  of  their  utilization  as 
Catalyst  carriers.  The  diatomaceous  earth  samples  had  been 
fired  at  a  high  temperature,  judging  by  their  physical  appearance. 
Unfired  diatomaceous  earths  with  reported  surface  areas  of  about 
30  sq.  meters  per  gram  would  be  expected  to  have  substantially 
different  macropore  volumes  from  the  two  samples  whose  data 
are  reported  here.  As  is  pointed  out  under  the  discussion  of 
hysteresis,  the  diatomaceous  earth,  sample  4,  was  not  materially 
colored  by  absorbed  mercury  when  removed  from  the  test  but 
contained  appreciable  quantities  of  mercury  within  the  pellet. 
This  indicates  the  absence  of  any  small  macro  ink-bottle  pores 
and  this  fact  is  borne  out  by  the  low  surface  area  and  the  flatness 
of  its  curve  in  Figure  3.  The  complete  distribution  curve  for 
diatomaceous  earth,  sample  3,'  has  already  been  presented  ( 9 ) . 

A  marked  difference  in  the  distribution  of  macropores  in  the 
two  activated  carbons  is  also  shown  in  Figure  3.  The  distribu¬ 
tion  of  very  large  macropores  in  the  two  samples  is  essentially  the 
same,  but  there  are  very  few  small  macropores  in  sample  8. 

Silica-Alumina  Gels.  The  silica-alumina  gels  presented  in 
Figure  4  show  the  relatively  wide  distribution  of  macropores  with¬ 
in  samples  prepared  by  different  methods.  The  absence  of  any 
flattening  of  these  curves  at  high  pressures  is  noteworthy  as  in¬ 
dicating  a  relatively  small  proportion  of  macropores. 

The  definite  increase  in  macropore  volume  with  decrease  in 
particle  and  bulk  density  may  also  be  noted  from  the  data  in 
Table  II. 

Silica-Alumina  Gel  and  Flint  Quartz.  Although  flint 
quartz  because  of  its  low  total  pore  volume  would  not  normally 
be  classed  as  a  porous  material,  the  data  in  Figure  5  show  that 
it  has  a  few  relatively  large  pores.  The  macropore  volume  at 
4000  pounds  per  sq.  inch  pressure  is  equal  to  the  total  pore  volume 
calculated  from  particle  and  true  densities.  The  silica-alumina 
gel  sample  with  a  total  macropore  volume  practically  equal  to 
that  of  the  flint  quartz  has  a  uniform  distribution  of  macropores. 

Porous  Iron.  The  porous  iron  sample  was  obtained  from  a 
small  experimental  briquet.  Material  was  not  available  for  the 
usual  particle  and  real  density  measurements,  the  particle  density 
value  shown  in  Table  II  having  been  obtained  from  the  weight 
and  geometric  volume  of  the  briquet,  while  the  true  density  is  a 


Figure  4.  Macropore  Volume  of  Silica-Alumina  Gels 


Figure  5.  Macropore  Volume  of  Flint  Quartz  and  Silica- 
Alumina  Gel 


handbook  value  for  iron.  The  low  value  for  the  calculated  per¬ 
centage  of  macropores,  80%,  is  no  doubt  due  either  to  the  destruc¬ 
tion  of  very  large  pores  when  the  briquet  was  granulated  or  to 
the  presence  of  a  large  number  of  very  large  pores. 

Effect  of  Method  of  Preparation.  Macropores  may  be 
incorporated  in  individual  particles  during  the  course  of  prepar¬ 
ing  the  sample.  This  is  shown  in  Figure  7  in  which  the  macropore 
distribution  of  pelleted  gel  (13F)  particles  may  be  contrasted  with 
that  of  gel  particles  (13E)  which  had  not  been  ground  and  re¬ 
consolidated  by  pelleting. 

Effect  of  Carbon  Deposition.  When  hydrocarbons  are 
cracked  on  clay  catalysts  a  deposition  of  carbon  is  left  in  the 
pores  of  the  catalyst  particles.  The  data  plotted  in  Figure  8 
show  that  small  amounts,  1.2%,  of  such  carbon  exert  only  a 
minor  plugging  effect  in  the  macropores.  This  carbon  was  de¬ 
posited  by  cracking  light  gas  oil  at  800  °  F.  followed  by  thoroughly 
purging  out  the  cracked  products  with  nitrogen.  The  sample 
was  pumped  out  at  room  temperature  in  the  usual  manner  prior 
to  covering  with  mercury. 

Effect  of  Mesh  Size  on  Macroporosity.  In  most  of  the 
determinations  reported  here  the  granules  or  particles  were  be¬ 
tween  4-  and  14-mesh,  usually  relatively  narrow-mesh  sizes. 
The  effect  on  macropore  volume  of  granulating  to  smaller  mesh 
sizes  is  shown  in  Figure  9.  Reducing  the  size  of  the  high-macro- 
pore-volume  activated  clay  granules  from  4-  to  6-mesh  to  20-  to 
28-mesh  decreased  the  macropore  volume,  while  similar  size  re¬ 
duction  of  the  low-macropore-volume  silica  alumina  gels  increased 
the  macropore  volume.  These  effects  may  be  explained  by 
assuming  that  some  large  pores  are  actually  destroyed  in  the  case 
of  the  clay  catalyst,  while  with  the  gel  catalyst  more  macropore 
volume  is  available  in  the  smaller  granules  because  some  such 
pores  are  actually  blocked  off  from  contact  with  the  mercury  in 
the  larger  particles. 
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Figure  8.  Effect  of  Carbon  Deposition  on  Macropore  Volume 
of  Activated  Clay  Pellets 


Figure  9.  Effect  of  Mesh  Size  on  Macropore  Volume  of  Acti¬ 
vated  Clay  and  Silica-Alumina  Gels 


Figure  10.  Hysteresis  in  Macropore  Volume  Measurements 


Hysteresis.  The  appearance  of  the  samples  after  the 
10,000  pounds  per  sq.  inch  measurements  varied  widely.  The 
gels,  with  the  exception  of  those  that  had  been  pelleted,  con¬ 
tained  very,  little  mercury,  while  the  fuller’s  earth,  activated 
clay,  pelleted  gels,  bauxite,  activated  carbon,  diatomaceous 
earth,  and  activated  alumina  samples  contained  considerable 
quantities  of  mercury.  For  example,  the  activated  clay  pellets 
contained  148%  by  weight  of  mercury  after  each  pellet  had  been 
bounced  to  remove  any  that  was  loosely  held.  Pellets  subjected 
to  2000  pounds  per  sq.  inch  pressure  were  light  gray  in  color, 
while  samples  removed  after  a  10,000  pounds  per  sq.  inch  test 
were  very  dark  gray.  Pellets  cut  in  half  showed  that  the  mer¬ 
cury  was  uniformly  dispersed  throughout  the  particle. 

Diatomaceous  earth,  material  No.  4,  was  substantially  different 


Table  III. 


Material 


Hysteresis  in  Macroporosity  Determinations 


M acropore  Volume 


Occupied  by 

mercury  at 
10,000  p.s.i. 
pressure 

Cc./g. 


Occupied  by  mercury  at  25 
p.s.i.  pressure  after  10,000- 
p.s.i.  measurements 

Percentage  of  total 
Cc./g.  macropore  volume 


6  Activated  clay 
10  Bauxite 
4  Diatomaceous  esirtn 

8  Activated  carbon 

9  Activated  carbon 
13G  Pelleted  silica-alumina 

gel  , 

13E  Silica-alumina  gel 
15  Fritted  glass 


0.191 

0.124 

1.49 

0.344 

0.685 

0.147 

0.0282 

0.161 


0.130 
0.068 
1.47 
0 . 285 
0.551 
0.090 

0.0001 

0.0436 


68.1 

54.8 

98.8 

82.8 
80.6 
61.3 


0.4 

27.1 


from  both  the  activated  clay  and  the  gel  catalysts.  Upon  re¬ 
moval  from  the  10,000  pounds  per  sq.  inch  test  the  individual 
granules  were  only  very  slightly  darker  but  very  much  heavier 
than  when  charged,  some  samples  having  increased  as  much  as 
1600%  in  weight.  When  halved  with  a  knife  a  globule  of  mer¬ 
cury  appeared,  the  individual  halves  having  practically  the  same 
appearance  as  halves  which  had  never  been  in  contact  with 
mercury.  When  the  two  sections  were  again  halved  more  mer¬ 
cury  globules  appeared. 

In  addition  to  the  varying  appearances  of  the  samples  after  the 
test  it  was  noted  that,  with  most  of  the  samples,  upon  releasing 
the  pressure  after  a  10,000  pounds  per  sq.  inch  test  the  desorption 
curve  did  not  follow  the  absorption  curve.  Two  examples  of  this 
phenomenon  are  presented  in  Figure  10.  With  some  of  the 
samples  the  desorption  of  the  mercury  at  the  lower  pressure 
occurred  slowly  but  seemed  to  approach  a  definite  equilibrium. 

Measurements  of  the  hysteresis  encountered  with  the  various 
materials  used  in  this  investigation  are  presented  in  Table  Ill, 
in  which  the  volume  of  mercury  remaining  in  the  pores  ot  the 
materials  after  reducing  the  pressure  from  10,000  to  2o  pounds 
per  sq.  inch  is  shown.  The  last  column  of  this  table  presents 
values  which  are  a  direct  measure  of  the  number  or  quantity  ol 
pores  from  which  the  mercury  is  not  desorbed.  The  very  large 
difference  between  the  pelleted  and  nonpelleted  silica  alumins 
gels,  13G  and  13E,  as  well  as  the  extremely  high  value  for  the 

diatomaceous  earth  is  worth  noting.  ...  . 

If  the  pores  of  these  materials  were  either  uniform  in  diamete 
or  V-shaped  one  would  expect  the  mercury  to  flow  out  when  th. 
applied  pressure  is  released.  If,  however,  there  are  pores  w.tl 


December,  1945 


ANALYTICAL  EDITION 


791 


small  mouths,  the  so-called  ink-bottle  pores  (7,  8),  they  would  not 
be  expected  to  empty  when  the  pressure  is  released. 
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Rapid  Method  for  Determination  of  Copper  in  Steel 

Especially  Suitable  for  Foundry  Control 

FREDERICK  B.  CLARDY,  JOHN  C.  EDWARDS,  and  JOHN  L.  LEAVITT 
Chemical  Laboratory,  Norfolk  Navy  Yard,  Portsmouth,  Va. 


A  method  is  described  for  the  rapid  and  accurate  determination  of 
copper  in  plain  and  alloy  steels  for  foundry  control.  The  total  time 
for  the  analysis  is  approximately  15  minutes.  Its  accuracy  makes  it 
suitable  as  a  standard  method  for  copper  in  steel  up  to  1.3%  with  a 
maximum  error  of  less  than  =t0.02.  The  method  involves  precipita¬ 
tion  of  copper  as  cuprous  thiocyanate  from  a  perchloric  acid  solution 
and  subsequent  titration  of  the  cuprous  thiocyanate  by  the  Andrews 
method,  using  chloroform  and  potassium  iodate. 

IN  THE  manufacture  of  electrical  steel  the  advent  of  copper¬ 
bearing  steel  scrap  makes  mandatory  a  rapid  analytical 
method  for  the  determination  of  copper.  For  the  purpose  of 
foundry  control  such  a  method  must  permit  a  determination  to 
be  made  within  15  minutes  and  must  be  reasonably  accurate. 

Direct  electrolytic  procedures,  as  established  by  Frediani  and 
Hale  (7),  Silverman,  Goodman,  and  Walter  (20),  and  Levine  and 
Seaman  (14),  require  a  minimum  of  40  minutes  to  2  hours  after 
solution  of  the  metal,  as  well  as  a  correction  if  molybdenum  is 
present. 

No  volumetric  procedures  for  the  direct  determination  of  cop¬ 
per  in  the  presence  of  iron  were  found  by  the  writers,  although 
Lundell  (15)  in  the  titration  of  nickel  using  potassium  thiocyanate 
and  silver  nitrate,  states  that  copper  would  titrate  as  nickel.  If 
such  a  method  were  devised  for  copper,  the  necessary  correction 
for  nickel  would  introduce  another  step  and  make  the  method 
too  lengthy. 

Direct  colorimetric  and  polarographic  methods  were  not  in¬ 
vestigated.  Spectrograph! c  procedures  were  not  considered, 
since  no  spectrograph  was  available. 

Indirect  methods — that  is,  methods  which  involve  a  prelimi¬ 
nary  separation  of  the  great  bulk  of  the  iron  from  the  copper — 
were  studied.  All  involve  solution  of  the  metal  and  subsequent 
precipitation  of  the  copper  with  hydrogen  sulfide  (15,  19,  23), 
sodium  thiosulfate  (15,  19,  23),  sodium  thiocyanate  (2,  3,  15, 
23),  aluminum  metal  (19),  organic  precipitants  (27),  or  internal 
electrolysis  (17).  Final  determination  of  the  per  cent  copper 
present  can  be  accomplished  by  various  methods:  electrolyti- 
cally,  colorimetrically,  by  ignition  to  the  oxide  of  the  sulfide  pre¬ 
cipitate,  by  precipitation  with  a-benzoinoxime  and  subsequent 
ignition  to  the  oxide,  by  titration  to  the  removal  of  the  blue  color 
complex  by  potassium  cyanide,  by  titration  of  the  reduced  salt 
with  potassium  bromate  using  chloroform  [Jamieson’s  modifica¬ 
tion  of  Andrews  method  (1,  10) ),  by  titration  of  the  oxidized  salt 


of  copper  with  the  iodide-thiosulfate  procedure,  and  by  titration  of 
cuprous  thiocyanate  with  iodate  (23). 

In  the  procedures  reviewed  for  the  separation  of  copper  from 
iron,  solution  of  the  metal  by  dilute  sulfuric  acid  is  recommended. 
The  action  of  this  acid  results  in  the  formation  of  ferrous  iron, 
metallic  copper,  and  cuprous  copper.  In  this  condition  the  cop¬ 
per  can  be  quantitatively  precipitated.  The  time  required  to  dis¬ 
solve  the  metal  varies  with  the  metal  and  its  particle  size,  but  in 
most  cases  complete  solution  cannot  be  effected  in  less  than  15 
minutes. 

This  fact  established  a  pattern  that  it  was  found  necessary  to 
follow:  (1)  dissolve  the  metal  in  nitric  acid  in  order  to  effect  its 
immediate  solution,  (2)  fume  with  perchloric  acid  to  remove  the 
nitric  acid,  (3)  add  sulturous  acid  to  reduce  the  iron  and  copper, 
(4)  add  sodium  thiocyanate  to  precipitate  the  copper  and  permit 
its  separation  from  iron,  and  (5)  titrate  the  cuprous  thiocyanate 
by  the  Andrews  method. 

Step  1  affords  practically  instantaneous  solution  of  the  metal. 
Step  2  removes  the  oxidizing  acid  and  replaces  it  with  a  nonoxi¬ 
dizing  acid  (perchloric  is  nonoxidizing  in  the  cold).  Step  3  re¬ 
duces  the  copper  to  a  form  in  which  it  will  precipitate  and  the 
iron  to  a  form  in  which  it  will  not  interfere  with  the  precipitation. 
This  step  could  have  been  effected  by  stannous  chloride,  but  there 
was  danger  of  the  latter  hydrolyzing  during  filtration  and  causing 
erroneous  results.  In  step  4  sodium  thiocyanate  causes  almost 
immediate  precipitation  of  copper,  when  the  solution  is  properly 
buffered,  and  the  precipitate  is  not  contaminated  by  sulfur  as 
would  be  true  if  hydrogen  sulfide  or  sodium  thiosulfate  were  used. 
Step  5  was  adopted  because  the  copper  was  in  the  ideal  form  for 
this  titration  and  it  was  deemed  more  accurate  in  the  reaction  of 
cuprous  to  cupric  ion.  Other  procedures  were  used  successfully 
after  the  copper  was  oxidized  to  the  cupric  form,  but  were  not 
adopted,  as  the  oxidation  of  the  copper  introduced  one  extra 
step  that  was  felt  unnecessary. 

REAGENTS  REQUIRED 

Nitric  acid,  15  N,  chemically  pure,  reagent  grade. 

Perchloric  acid,  70  to  72%,  chemically  pure,  reagent  grade. 

Hydrofluoric  acid,  concentrated,  chemically  pure,  reagent 
grade. 

Hydrochloric  acid,  12  N,  chemically  pure,  reagent  grade. 

Sodium  thiocyanate,  c.p.,  5%,  water  solution. 

Gelatin,  2%,  water  solution. 

Sulfur  dioxide,  c.p.,  saturated  water  solution. 

Sodium  acetate,  c.p.,  reagent  grade. 
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Chloroform,  c.p.,  reagent  grade. 

Iodine  Monochloride  Solution.  Dissolve  10  grams  of 
c.p.  potassium  iodide  and  6.44  grams  of  c.p.  potassium  iodate  in 
75  ml.  of  distilled  water.  Add  75  ml.  of  hydrochloric  acid  and 
5  ml.  of  chloroform.  Put  in  glass-stoppered  bottle  and  adjust 
exactly  to  a  very  faint  iodine  color  in  the  chloroform  layer  by 
shaking  and  adding  dilute  potassium  iodide  or  iodate  as  the  case 
may  require.  When  not  in  use  keep  the  solution  of  iodine  mono¬ 
chloride  in  a  cool,  dark  place.  . 

Potassium  Iodate,  c.p.,  standard  solution.  Dissolve  1.1784 
grams  in  1  liter  of  distilled  water.  One  milliliter  is  equivalent 
to  0.02%  of  copper  based  on  a  1-gram  sample.  (This  salt  is 
sufficiently  pure  to  use  as  a  primary  standard.) 


PROCEDURE 

Dissolve  a  1-gram  sample  of  steel  in  a  mixture  of  5  ml.  of  per¬ 
chloric  acid  and  5  ml.  of  nitric  acid  in  a  300-ml.  Berzelius  beaker. 
Add  2  drops  of  hydrofluoric  acid  to  remove  silica.  Fume  gently 
to  remove  nitric  acid  and  until  iron  perchlorate  salts  precipitate. 
Do  not  heat  these  salts  to  decomposition,  as  sparingly  soluble 
iron  oxide  is  formed.  Cool  slightly  and  dilute  with  approximately 
20  ml.  of  distilled  water.  Add  10  ml.  of  sodium  thiocyanate, 
boil,  add  100  ml.  of  sulfurous  acid  and  5  grams  of  sodium  acetate, 
boil,  add  a  few  drops  of  a  gelatin  solution,  and  stir.  Cool  in  an 
ice  bath  and  add  ice  to  the  solution.  When  chilled,  filter  through 
a  Shimer  filter  tube,  using  a  filter  pad  made  from  a  mixture  of 
one  each  of  thoroughly  pulped  No.  40  and  No.  41,  12.5-cm. 
Whatman’s  filter  paper.  Wash  with  cool,  oxygen-free,  distilled 
water  until  free  of  sulfur  dioxide.  Remove  the  filter  pad  and 
insert  it  into  a  separatory  funnel  containing  25  ml.  of  chloroform, 
60  ml.  of  hydrochloric  acid,  40  ml.  of  cool,  boiled,  distilled  water, 
and  3  drops  of  iodine  monochloride  solution.  Shake  the  solution 
and  pad  vigorously  and  titrate  the  solution  with  potassium  io¬ 
date  solution  until  the  pink  color  in  the  chloroform  layer  dis¬ 
appears,  which  is  the  end  point  of  the  titration.  Add  the  iodate 
solution  gradually,  and  shake  the  solution  vigorously  after  each 
addition. 

RESULTS 

Table  I  indicates  the  optimum  precision  of  the  method.  These 
results  were  obtained  without  regarding  the  time  element. 

Table  II  shows  results  obtained  under  conditions  similar  to 
foundry  control  when  the  time  factor  is  important. 


Table  I.  Determination  of  Copper 


Bureau  of 

No. 

of 

Deviation  from 
%  Cu  Present 

%Cu 

%  Cu 

Standard 

Analy- 

Maxi- 

Aver- 

Pres- 

No. 

Type  of  Material 

ses 

mum 

age 

Found 

ent 

21c 

Acid  open  hearth 

4 

0.010 

0.006 

0.044 

0.050 

111a 

Nickel-molybdenum 

3 

0.001 

0.000 

0.079 

0.079 

32c 

Chromium-nickel 

3 

0.003 

0.002 

0.097 

0.099 

15b 

Basic  open  hearth 

3 

0.003 

0.002 

0.147 

0.145 

65b 

Basic  electric 

4 

0.007 

0.001 

0.206 

0.205 

20c 

Acid  open  hearth 

4 

0.005 

0.003 

0.258 

0.255 

35a 

Acid  open  hearth 

5 

0.011 

0.002 

0.265 

0.267 

Bureau  of  Standards 
Synthetic  Std.  Sample  13d 
Standards  plus  Grams  of  Copper 


1 

0.00128 

7 

0.010 

0.002 

0.148 

0.150 

2 

0.00255 

5 

0.005 

0.002 

0.275 

0.277 

3 

0.00383 

5 

0.004 

0.001 

0.403 

0.404 

4 

0.00510 

6 

0.010 

0.005 

0.527 

0.532 

5 

0.00893 

5 

0.011 

0.001 

0.894 

0.893 

6 

0.01275 

5 

0.017 

0.001 

1.297 

1.296 

PRECAUTIONS 

For  the  purpose  of  expediting  the  results,  the  amount  of  per¬ 
chloric  acid  specified  is  such  that  the  residual  acid  left  will  be 
adequately  buffered  by  the  amount  of  sodium  acetate  added.  If 
the  solution  is  fumed  too  vigorously,  insoluble  iron  salts  are 
formed,  yet  if  the  solution  is  not  fumed  adequately  the  resulting 
solution  will  be  too  acid  for  the  copper  to  precipitate  quantita¬ 
tively.  Experience  will  quickly  establish  the  proper  fuming 
point. 

The  precipitate  of  cuprous  thiocyanate  is  very  finely  divided 


and  the  filter  pad  must  be  packed  comparatively  tight  to  prevent 
loss  of  the  precipitate. 

The  wash  water  must  be  cool  and  free  from  oxygen. 

If  the  precipitate  and  filter  pad  are  not  washed  free  of  sulfur 
dioxide,  erroneously  high  results  will  occur. 

The  chloroform-hydrochloric  acid  mixture  should  be  cool  and 
must  not  contain  any  oxidizing  substance. 

Other  insoluble  thiocyanates  must  not  be  present. 

CONCLUSION 

The  procedure  outlined  gives  accurate  results  within  the  re¬ 
quired  time.  Its  limitations  are  well  under  the  maximum  error 
of  ±0.02%,  which  is  adequate  for  most  work.  The  faults  may  be 
overcome  when  a  better  coagulant  is  found  and  a  better  filtering 
mechanism  is  devised. 


Table  II.  Determination  of  Copper 

(Acid  Open-Hearth  Steel  Used) 

Bureau  of  Maximum  Deviation  from  %  Average 

Standards  No.  of  Time,  Cu  Present  J%  Cu  %  Cu 

Standard  No.  Analyses  Minutes  Max.  Av.  Found  Present 

20c  6®  16  0.013  0.004  0.251  0.255 

35a  4*>  15  0.007  0.004  0.263  0.267 

°  Analyst  A. 

<>  Analyst  B. 
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Determination  of  Water  Content  in  Oils 

M.  M.  ACKER  and  H.  A.  FREDIANI 
Eimer  and  Amend,  New  York,  N.  Y. 


RECENT  publications  ( 1 ,  2,  4)  have  definitely  shown  the 
Karl  Fischer  reagent  to  have  great  merit  for  the  determina¬ 
tion  of  water.  Insufficient  emphasis,  however,  has  been  placed 
upon  pitfalls  that  may  be  encountered  in  adapting  this  reagent 
and  technique  to  a  new  control  method.  Properly  employed,  with 
due  regard  to  necessary  precautions  in  manipulation,  the  Karl 
Fischer  method  lends  itself  readily  to  accurate  and  rapid  water 
determinations.  Improperly  used,  erroneous  results  and  lack  of 
reproducibility  become  the  rule  rather  than  the  exception. 

The  adaptation  of  this  method  to  the  determination  of  mois¬ 
ture  in  oils  (insulating  and  lubricating,  both  new  and  used)  is 
possible  only  with  careful  and  painstaking  adherence  to  a  pre¬ 
determined  uniform  technique.  Since  the  variable  limits  to  be 
encountered  in  this  field  are  water  contents  of  5  to  200  p.p.m., 
the  general  procedure  of  McKinney  and  Hall  (5)  recommending 
sample  sizes  between  50  and  150  mg.  of  water  cannot  be  pursued. 
The  titration  of  a  variable  multiphase  system  as  undertaken  by 
Aepli  and  McCarter  ( 1 )  leaves  much  to  be  desired.  The  excellent 
visual  titration  method  proposed  by  Flowers  ( S )  is  usable  only 
with  clear,  colorless  oils  and  requires  a  well  trained,  practiced 
operator. 

Flowers’  method  consists  of  a  visual  titration  using  from  10  to 
200  grams  of  sample  and  a  titration  solvent  consisting  of  10  ml.  of 
absolute  methanol  and  50  ml.  of  dried  benzene.  To  quote,  “it 
has  been  found  necessary  to  hold  the  duration  of  each  determina¬ 
tion  within  narrow  limits.  A  stopwatch  should  be  used  to  time 
the  titration  of  the  blank  and  the  titration  of  the  sample.”  When 
samples  larger  than  30  ml.  in  volume  are  used  a  multiphase  system 
results.  For  large  samples  and  dark  oils  the  end  point  becomes 
difficult  to  see.  With  the  lighting  arrangement  and  titration 
care  suggested  and  with  a  little  practice  it  becomes  possible  for  a 
trained  observer  to  carry  out  accurate  determinations  by  this 
procedure. 

Some  of  the  major  difficulties  that  must  be  considered  in  the 
formulation  of  a  satisfactory  technique  for  this  determination  are: 

1.  The  actual  quantities  of  water  encountered  are  exception¬ 
ally  small  if  samples  of  convenient  size  are  to  be  used. 

2.  Many  samples  are  dark  colored,  limiting  the  use  of  a  visual 
titration  method. 

3.  The  Karl  Fischer  reagent  and  its  decomposition  products 
are  generally  immiscible  with  the  majority  of  samples  encoun¬ 
tered.  Addition  of  methanol  alone  does  not  alleviate  this  condi¬ 
tion. 

4.  The  quantity  of  water  present  in  most  solvents  that  may 
be  employed  as  titration  media  is  apt  to  be  much  greater  than 
that  present  in  the  sample,  itself,  necessitating  relatively  large 
blanks. 

5.  Samples  of  high  water  content  may  be  heterogeneous. 

The  authors’  interest  in  this  problem  was  aroused  some  time 
ago  because  of  the  difficulties  encountered  by  laboratories  cooper¬ 
ating  with  Committee  D-9,  Section  N,  Subcommittee  IV,  of  the 
A.S.T.M.  The  work  so  far  accomplished  indicates  that  the  Karl 
Fischer  method  can  be  employed  satisfactorily  for  this  determina¬ 
tion  but  that  adherence  to  the  recommended  technique  must  be 
unfailing. 

REAGENTS  AND  APPARATUS 

Eimer  &  Amend  Karl  Fischer  reagent  and  standard  water  in 
methanol  were  used  throughout.  To  enable  the  use  of  larger 
volumes  of  reagent  and  thus  minimize  errors  of  measurement,  the 
freshly  mixed,  strong  Karl  Fischer  reagent  should  be  diluted  with 
sufficient  anhydrous  c.p.  methanol  and  pyridine  (best  grades 
available)  in  ratio  3  to  1,  so  that  the  final  strength  will  approx¬ 
imate  1  ml.  of  Karl  Fischer  reagent  =  2.0  mg.  of  water. 

As  titration  solvent  a  mixture  of  anhydrous  chloroform  and 
methanol  was  found  most  suitable.  Technical  chloroform  was 


found  to  contain  appreciable  amounts  of  moisture.  The  major 
portion  (to  cut  down  on  size  of  blank)  was  removed  by  adding 
0.37  kg.  (1  lb.)  of  6-  to  16-mesh  freshly  dried  silica  gel  to  a  11.3-kg. 
(25-lb.)  can  of  chloroform  and  letting  stand  for  3  or  4  days  with 
occasional  agitation.  The  chloroform  decanted  was  found  to 
contain  less  than  5  p.p.m.  of  water.  A  good  grade  of  c.p.  methanol 
(conforming  to  A.C.S.  specifications)  was  used.  Methanol 
containing  more  than  0.02%  water  (determined  by  Karl  Fischer 
titration)  was  rejected,  in  order  to  keep  the  solvent  blank  at  a 
minimum.  The  solvent  blank  is  compensated  for  automatically 
in  the  method  employed.  The  use  of  benzene,  ethyl  ether, 
petroleum  ether,  naphtha,  methanol,  isopropanol,  carbon  tetra¬ 
chloride,  and  tetrachloroethane  was  investigated.  The  chloro¬ 
form-methanol  system  was  the  only  one  found  satisfactory  under 
all  conditions.  All  titrations  carried  out  in  this  medium  resulted 
in  homogeneous  single-phase  systems.  All  types  of  oils  investi¬ 
gated  as  well  as  the  reagent  and  its  decomposition  products  are 
soluble  in  the  quantity  recommended  and  troublesome  multi¬ 
phase  liquid-liquid,  liquid-solid,  or  liquid-liquid-solid  systems  are 
not  encountered. 

The  qualitative  unit  alone  of  the  Fisher  Senior  titrimeter 
(Catalog  No.  9-312)  employing  the  polarized  platinum-platinum 
electrode  system  was  used  for  indicating  the  potentiometric  end 
point.  The  end  point  is  fully  as  sensitive  as  that  of  the  dead-stop 
method  of  Wernimont  and  Hopkinson  (6).  Titrations  were 
carried  out  in  flat-bottomed,  extraction-type  Pyrex  flasks  of  250- 
ml.  capacity.  The  setup  was  essentially  the  same  as  that  of 
Almy  et  al.  (2).  A  split,  two-holed,  machined  Bakelite  stopper 
was  used  to  prevent  contamination  by  atmospheric  moisture. 

A  stop  watch  was  essential  for  ascertaining  the  end  points. 

PROCEDURE 

Best  results  are  obtained  with  rigid  adherence  to  the  following 
details: 

Place  100  ml.  of  dehydrated  chloroform  and  25  ml.  of  anhy¬ 
drous  methanol  in  the  250-ml.  titration  flask  and  set  on  the  stand 
with  Bakelite  stopper,  stirrer  electrode,  and  buret  for  Karl  Fischer 
reagent  in  position.  Adequately  protect  the  buret  containing  the 
Karl  Fischer  reagent  from  atmospheric  moisture  with  silica  gel  or 
other  suitable  drying  medium.  Use  a  Castaloy  buret  regulator 
(Eimer  and  Amend  Catalog  No.  3-886)  to  give  a  consistently 
uniform  dropping  rate.  Add  15  to  20  drops  of  Karl  Fischer  re¬ 
agent,  turn  on  stirrer,  and  then  adjust  the  cathode  ray  tube 
(magic  eye)  control  so  that  the  eye  is  closed.  Continue  adding 
the  reagent  5  drops  (0.1  ml.)  at  a  time.  After  each  addition  the 
eye  will  open  and  then  slowly  close.  The  end  point  is  reached 
when  the  eye  remains  steadily  open  for  a  minimum  of  30  seconds 
after  the  reagent  has  been  added.  This  initial  end  point  repre¬ 
sents  a  blank  for  the  titration  solvent  and  the  volume  of  reagent 
used  need  not  be  recorded.  Immediately  after  this  blank  is 
reached,  pipet  25  ml.  of  standard  water  in  methanol  into  the  flask. 
Do  not  permit  the  flask  to  remain  open  to  the  atmosphere  longer 
than  necessary.  Again  titrate  to  an  end  point,  recording  the 
volume  of  Karl  Fischer  reagent  used.  Do  not  readjust  the  eye 
control  but  leave  it  as  initially  set  for  all  subsequent  titrations. 

In  titrating  the  standard  water  solution  add  approximately 
80%  of  the  required  Karl  Fischer  reagent  rapidly  (add  10  ml.  if 
the  reagent  is  of  the  above  recommended  strength  and  if  the  “1 
ml.  equals  1  mg.”  standard  water  solution  is  used).  Complete 
the  titration  by  5-drop  additions  until  the  30-second  end  point  is 
again  reached.  The  water  equivalent  of  the  reagent  then  may  be 
accurately  calculated.  Duplicate  runs  should  check  to  within 
0.1  ml.  Discard  the  titrated  solution,  again  add  chloroform  and 
methanol  to  the  flask,  titrate  to  a  30-second  end  point,  add  the 
unknown  oil  sample,  and  re  titrate  using  5-drop  increments. 
Samples  weighing  40  to  60  grams  yield  most  consistent  results. 
These  samples  may  best  be  taken  by  filling  a  175-ml.  (6-ounce) 
screw-cap  bottle  with  the  sample,  weighing  to  the  nearest  0.5 
gram,  pouring  an  estimated  50-gram  sample  into  the  flask,  and 
ascertaining  the  exact  weight  used  by  difference. 

DISCUSSION 

Unlike  most  recent  publications  on  this  technique,  the  authors 
recommend  direct  titration  with  the  Karl  Fischer  reagent.  It  is 
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Table  I.  Decomposition  of  Reagent 


Excess  Reagent  Added 
(after  Reaching  End  Point) 
Ml. 

0.15 

0.30 

0.45 


Total  Decomposition  Time 
(with  Agitation) 

Sec. 

175 

295 

435 


well  known  that  the  Karl  Fischer  reagent  deteriorates  on  stand¬ 
ing.  The  iodine-consuming  reaction,  noted  by  Almy  (2)  even  in 
completely  sealed  systems,  is  accelerated  by  impurities  present  in 
the  pyridine.  This  decomposition  necessitates  adequate  control 
of  the  rate  of  titration  for  utmost  reproducibility.  In  the  com¬ 
monly  used  back-titration  methods  excess  Karl  Fischer  reagent 
is  added  to  the  sample  being  titrated  and  the  excess  reagent  is  de¬ 
termined  by  use  of  standard  water  in  methanol.  During  the 
period  while  the  excess  Karl  Fischer  reagent  is  in  contact  with  the 
solution  its  decomposition  adds  an  unknown  factor  to  the  prob¬ 
lem.  The  magnitude  of  the  decomposition  will  depend  upon  the 
nature  of  other  materials  already  present  in  solution  and  the 
length  of  time  required  for  back-titration. 

Obviously,  in  a  direct  titration  method  there  will  be  no  excess 
Karl  Fischer  reagent  until  all  the  water  present  has  reacted.  Use 
of  a  completely  closed  titration  vessel  in  this  laboratory  indicated 
that  in  the  presence  of  nothing  but  methanol  and  its  own 
decomposition  products,  decomposition  of  the  reagent  did  occur, 
as  indicated  in  Table  I. 

Titrating  with  0.1-ml.  increments  thus  yields  an  adequate  end 
point  before  decomposition  of  the  reagent  enters  the  picture. 

Because  of  the  nature  of  this  reagent,  the  authors  feel  it  is  in¬ 
advisable  to  attempt  to  obtain  1-drop  end  points.  Precision  of 
this  magnitude  is  obtainable  only  with  extremely  rigid  control 
of  conditions.  Even  with  completely  closed  systems,  slight  varia¬ 
tions  in  the  length  of  time  required  to  add  samples  are  sufficient 
to  prevent  duplication  of  end  points  to  this  degree.  Back-titra¬ 
tion  is  dangerous  because  an  additional  step  is  added  to  the  pro¬ 
cedure,  the  titration  time  is  extended,  and  the  effect  of  decompo¬ 
sition  of  the  reagent  and  contamination  by  atmospheric  moisture 
is  accentuated. 

Actually,  in  order  to  assure  a  perfectly  homogeneous 
titration  medium  the  weight  ratio  of  chloroform  to  sam- 


Table  II.  Light  Oil 


Weight  of 

Sample 

HiO  Found 

Deviation  from 
Average 

Grams 

P.p.m. 

P.p.m. 

48 

61.8 

+  16.8 

60 

52.1 

+  7.2 

49 

57.1 

+  12.2 

62 

45. 1 

+  0.2 

67 

41.7 

-  3.2 

50 

46.0 

+  2.9 

40 

70.0 

+25.9 

72 

32.0 

-12.9 

59 

44.6 

-  0.3 

51 

45.1 

+  0.2  . 

42 

54.8 

+  9.9 

74 

31.1 

-13.8 

56 

54.0 

-  0.9 

44 

44.9 

0.0 

52 

44.2 

-  0.7 

71 

30.2 

-14.7 

70 

32.9 

-12.0 

47 

48.9 

+  4.0 

64 

41.2 

-  3.7 

54 

30.5 

-14.4 

56 

45.9 

+  1.0 

57 

40.3 

-  4.6 

45.9 

+  1.0 

69 

43.0 

-  1.9 

28 

46.2 

+  1.3 

66 

42.5 

-  2.4 

46 

54.0 

+  9.1 

67 

42.0 

-  2.9 

65 

43.5 

-  1.4 

62 

45.3 

+  0.4 

Av. 

44.9 

pie  taken  should  be  2  to  1.  If  conditions  necessitate  the  use  of  oil 
samples  larger  than  70  grams,  more  chloroform  should  be  used  in 
the  titration  solvent  than  that  recommended  above. 

Tables  II  and  III  represent  the  data  obtainable.  A  precision 
of  10%  (of  the  water  content)  is  assured.  This  precision  should 
be  satisfactory,  considering  the  small  quantities  involved. 

In  Table  II  are  listed  the  data  for  a  series  of  30  analyses  of  a 
light  oil. 

The  samples  were  taken  from  a  single  container  and  run  on 
successive  days,  using  different  strengths  of  Karl  Fischer  reagent. 
Results  indicate  that  there  is  not  a  progressive  increase  in  mois¬ 
ture  content.  Because  occasional  results  are  erratic,  it  is  strongly 
recommended  that  at  least  3  samples  be  titrated  each  time  and 
that  obviously  high  results  be  discarded. 


Table  III.  Transformer  Oil 


Weight  of 

Deviation  from 

Sample 

h2o 

Average 

Grams 

P.p.m. 

P.p.m. 

New  Transformer  Oil 

77 

25.2 

-  4.1 

56 

34. 5 

+  5.2 

54 

31.4 

+  2.1 

44 

30.2 

+  0.9 

50 

29.0 

-  0.3 

52 

27.9 

-  1.4 

41 

26.6 

-  2.7 

Av. 

29.3 

Used  Transformer  Oil 

47 

123.0 

+  16.2 

40 

118.0 

+  11.2 

51 

98.0 

-  8.8 

84 

93.0 

-13.8 

79 

102.0 

-  4.8 

Av. 

106.8 

About  20%  of  the  results  obtained  deviate  from  the  average  by 
more  than  10  p.p.m.  The  same  care  was  used  in  handling  all 
samples.  No  relationship  between  magnitude  of  the  error  and 
atmospheric  humidity  could  be  found,  indicating  that  the  expo¬ 
sure  while  transferring  from  weighing  bottle  to  titration  vessel 
could  not  be  causing  the  abnormally  high  results.  The  abnor¬ 
mally  low  results  are  just  as  unexplainable.  A  satisfactory  proce¬ 
dure,  in  the  authors’  laboratory,  has  been  to  run  at  least  3  samples 
of  all  unknowns.  The  average  of  all  3  is  used  if  no  determination 
is  far  off  from  the  other  2. 

If  any  single  determination  is  definitely  much  higher  or  lower 
than  the  other  two  it  is  discarded  and  the  average  of  the  two 
closer  determinations  used.  If  the  eight  values  in  Table  II, 
deviating  by  10  or  more  p.p.m.  are  eliminated,  the  average  of 
the  remaining  22  determinations  is  45.8  p.p.m.  Using  this 
average  and  redetermining  the  deviations  the  average  deviation 
becomes  6.1%. 

The  data  in  Tables  III  are  on  samples  recently  received  on  a 
round  robin  from  the  A.S.T.M.  The  precision  implied  by  these 
results  is  sufficiently  adequate  for  routine  testing  of  such  oils. 
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Determination  of  Ether  Vapor  in  Gaseous  Mixtures 

Separation  and  Determination  in  Gaseous  Mixtures  Containing  Ethylene  and 
Determination  of  Dissolved  Ethylene  in  Ethyl  Ether 

C.  C.  MELOCHE  and  W.  G.  FREDRICK1 
Chemical  Laboratory,  University  of  Michigan,  Ann  Arbor,  Mich. 


A  method  for  the  separation  and  determination  of  ether  vapor  in 
gases  containing  ethylene  consists  of  absorption  of  the  ether  vapor 
by  hydroferrocyanic  acid  suspended  in  3  to  2  sulfuric  acid  contained 
in  a  single  gas  pipet.  The  subsequent  determination  of  oxygen  in 
the  dissolved  gases  recovered  is  unaffected  by  previous  use  of  the 
hydroferrocyanic  acid  reagent,  providing  a  gas  mixture  of  similar 
composition  has  previously  been  shaken  with  the  reagent. 

SINCE  ethylene  is  usually  formed  in  the  processes  employed 
for  the  manufacture  of  ether,  a  good  method  for  determining 
dissolved  ethylene  is  desirable  in  a  complete  examination  for  all 
possible  impurities.  It  was  found  that  the  solution  of  the  prob¬ 
lem  could  be  based  upon  the  formation  of  a  compound  of  low 
vapor  pressure  containing  ether  of  crystallization,  in  particular 
upon  the  compound  formed  between  ether  and  hydroferrocyanic 
acid  (I,  2). 

PREPARATION  OF  REAGENT 

Hydroferrocyanic  acid  was  prepared  (4)  by  dissolving  56 
grams  of  potassium  ferrocyanide  crystals  in  100  ml.  of  hot  water, 
adding  300  grams  of  crushed  ice  together  with  a  piece  of  solid 
carbon  dioxide,  adding  400  ml.  of  concentrated  hydrochloric  acid, 
and  immediately  filtering  the  white  precipitate  through  a  Buch¬ 
ner  funnel  containing  some  dry  ice.  The  solution  was  kept  at 
0°  C.  during  the  operation.  The  filtrate,  which  soon  turned  blue, 
was  discarded.  The  active  reagent  for  ether  was  then  prepared 
by  adding  the  entire  yield  of  free  unwashed  acid  to  150  ml.  of 
concentrated  sulfuric  acid  under  a  well  ventilated  hood.  Ac¬ 
cording  to  Chrotien  (S)  a  stable  addition  compound  with  sulfuric 
acid  is  formed  in  the  cold.  The  mixture  became  warm,  evolved 
hydrogen  chloride  and  possibly  some  carbon  monoxide,  and 
part  of  the  solid  went  into  solution.  After  further  degassing  by 
shaking  and  suction,  100  ml.  of  water  were  added  and  the  mix¬ 
ture  was  well  stirred.  A  fine  white  precipitate  formed  which  re¬ 
mained  in  suspension.  The  mixture  was  stored  in  a  glass-stop¬ 
pered  bottle  and  allowed  to  stand  at  room  temperature.  Ap¬ 
proximately  100  ml.  of  this  suspension  of  hydroferrocyanic  acid 
in  sulfuric  acid  were  decanted  into  a  small  single  Hempel  gas 
pipet,  leaving  any  coarse  crystals  behind.  If  the  tubing  of  the 
gas  pipet  other  than  the  capillary  tubing  was  of  large  diameter — 
e.g.,  12  mm. — and  the  precipitate  was  occasionally  stirred  by  in¬ 
troduction  of  nitrogen  through  the  capillary  no  trouble  was  ex¬ 
perienced  with  clogging.  The  reagent  kept  well  in  such  a  pipet 
without  any  special  precaution  to  exclude  oxygen. 

ANALYSES  OF  SYNTHETIC  GASEOUS  MIXTURES 

Synthetic  gaseous  mixtures  containing  ether  vapor,  ethylene, 
and  hydrogen  were  prepared  in  order  to  check  the  accuracy  of  the 
analytical  separation  of  ether  vapor  from  ethylene.  The  admix¬ 
ture  of  air  or  oxygen  was  avoided  and  mercury  was  used  as  the 
retaining  liquid.  On  analysis  of  this  mixture  ether  vapor  was 
determined  by  the  hydroferrocyanic  acid  suspension  contained 
in  a  Hempel  pipet  as  described  above,  using  5  passes  and  shaking 
the  pipet.  Ethylene  was  determined  by  absorption  with  100% 
sulfuric  acid  containing  nickel  sulfate  and  silver  sulfate  as  cata¬ 
lysts  (7),  and  hydrogen  was  obtained  by  difference. 

It  was  found  that  once  the  reagent  had  been  saturated  with  the 
other  gases  in  the  mixture,  it  became  specific  for  ether  vapor.  A 
measured  volume  of  oxygen  shaken  with  the  previously  saturated 
reagent  was  recovered  quantitatively.  The  reagent  after  stand- 
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ing  in  a  single  Hempel  pipet  in  contact  with  air  for  several  weeks 
showed  little  if  any  visible  change  and  was  still  available  for  the 
quantitative  absorption  of  ether  vapor.  For  ether  vapor  concen¬ 
trations  under  10%  the  reagent  may  be  used  continuously,  but 
for  higher  concentrations  the  reagent  must  be  allowed  to  stand 
in  the  pipet  for  a  few  hours  between  analyses  if  quantitative  re¬ 
covery  is  desired.  Gases  recovered  in  the  boiling  out  piethod 

( 5)  rarely  contain  more  than  3%  of  ether  vapor.  The  data  in 
Table  I  illustrate  the  value  of  this  reagent. 

Moreover,  the  use  of  the  hydroferrocyanic  acid  reagent  to  de¬ 
termine  the  partial  pressure  of  ether  vapor  in  mixtures  of  ethylene 
and  nitrogen  saturated  with  ether  vapor  at  a  low  temperature — 
e.g.,  0°  C. — gave  values  which  agreed  with  the  published  values 

( 6 )  for  the  vapor  pressure  of  ether  at  the  same  temperature.  The 
volume  per  cent  of  ethylene  in  the  residual  gas  as  determined  by 
fuming  sulfuric  acid  was  found  to  agree  with  the  value  obtained 
in  the  original  gaseous  mixture  before  saturation  with  ether  vapor, 
showing  that  the  separation  wras  accurate. 

There  should  be  no  difficulty  in  determining  small  amounts  of 
ether  vapor  in  ethylene — for  example,  a  few  tenths  of  1  % — since 
the  hydroferrocyanic  acid  reagent  is  more  effective  for  smaller 
concentrations  of  ether  vapor.  The  size  of  the  sample  of  the 
volatile  solvent  can  be  increased  to  500  ml.  or  a  much  larger 


Table  1. 

Analyses  of  Synthetic 

Gaseous  Mixtures  Containing 

tther  Vapor,  Ethylene,  and  Hydrogen 

Constituent 

Present 

Found 

Deviation 

% 

% 

% 

Ether  vapor' 

1  6.6 

6.6 

0.0 

Ethylenea 

80.0 

80.0 

0.0 

Hydrogen0 

13.4 

13.4 

0.0 

Ether  vapor 

6.6 

6.6 

0.0 

Ethvlene 

80.0 

79.9 

-0.1 

Hydrogen 

13.4 

13.5 

+  0.1 

Ether  vapor 

42.3 

42.4 

+  0.1 

Ethylene 

43.0 

42.9 

-0.1 

Hydrogen 

14.7 

14.7 

0.0 

Ether  vapor 

42.3 

42.3 

0.0 

Ethylene 

43.0 

42.8 

-0.2 

Hydrogen 

14.7 

14.9 

+  0.2 

Ether  vapor 

42.3 

42.1 

-0.2 

Ethylene 

43.0 

43.0 

0.0 

Hydrogen 

14.7 

14.9 

+  0.2 

°  Triplicate  analyses  of  this  mixture  gave  the  same  results,  but  a  fourth 
showed  slight  deviations  as  indicated  in  Table  II. 


Table  II. 

Recovery  of 

Ethylene  and 

Nitrogen 

Dissolved  in  or 

Mixed 

with  500  Ml.  of  tther 

(0°  C..  760  mm 

Deviation, 

Ml.  of 

Nitrogen 

Ethvlene 

Ethvlene 

Deviation, 

Ethylene/ 100 

Added0 

Added 

Recovered 

Ethylene 

Ml.  of  Ether 

Ml. 

Ml. 

Ml. 

Ml. 

0.00 

40.00 

39 . 20 

-0  80 

-0.16 

0.00 

43.08 

41.50 

-1.58 

-0.32 

0.00 

41.80 

41.05 

-0.75 

-0.15 

0.00 

71.80 

70.80 

-1.00 

-0.20 

32.00 

38.60 

38 . 50 

-0.10 

-0.02 

31.90 

39.70 

39.50 

-0.20 

-0.04 

32.00 

40.00 

39.90 

-0.10 

-0.02 

°  Nitrogen 

when  added  was  recovered  in  each  case  quantitativeljr. 
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volume  if  the  size  of  bulb  A  (5,  Figure  1)  is  increased.  A  gas 
buret  of  special  design  with  graduated  tubing  of  small  diameter 
at  the  lower  end  would  make  possible  precise  determination  of  a 
very  small  volume  of  ether  vapor.  The  authors  made  no  deter¬ 
minations  of  amounts  of  ether  vapor  less  than  6.6  volume  %, 
though  results  indicated  that  the  0.5  to  3.0%  of  ether  vapor  com¬ 
monly  present  was  satisfactorily  removed  by  the  hydroferro- 
cyanic  acid  reagent  (Table  II). 

Solutions  containing  ether  and  known  amounts  of  dissolved 
ethylene  and  nitrogen  were  then  prepared  and  analyzed  by  the 
boiling  out  method  (5) .  The  ether  vapor  was  removed  from  the 
recovered  gases  by  the  hydroferrocyanic  acid  reagent  and  the 
ethylene  determined  by  the  method  mentioned  above.  It  will  be 
noted  in  Table  II  that  with  a  moderate  partial  pressure  of  ethyl¬ 
ene  (55  volume  %  or  less)  in  the  dissolved  gases  recovered  the 
determination  of  ethylene  is  quantitative.  The  removal  of  ether 
vapor  in  this  manner  thus  makes  possible  the  subsequent  deter¬ 
mination  of  ethylene  by  customary  methods  and  also  the  deter¬ 
mination  of  total  dissolved  gas  if  ethylene  is  present. 


ACKNOWLEDGMENT 

The  authors  gratefully  acknowledge  the  generous  aid  provided 
by  the  Mallinckrodt  Chemical  Works.  The  advice  and  criticism 
of  E.  Mallinckrodt,  Jr.,  and  H.  V.  Farr  were  especially  appre¬ 
ciated. 

LITERATURE  CITED 

(1)  Baeyer  and  Villiger,  Ber.,  34,  2679  (1901). 

(2)  Browning,  J.  Chem.  Soc.,  77,  1234  (1900). 

(3)  Chrotien,  Compt.  rend.,  141,  37  (1905). 

(4)  Gmelin,  “Handbuch  der  anorganisehen  Chemie”,  8  Auflage,  59 

Eisen,  Teil  B,  p.  565,  Berlin,  Verlag  Chemie,  1932. 

(5)  Meloche  and  Fredrick,  Ind.  Eng.  Chem.,  Anal.  Ed.,  17,  796 

(1945). 

(6)  Taylor  and  Smith,  J.  Am.  Chem.  Soc.,  44,  2457  (1922). 

(7)  Tropsch  and  Dittrich,  Brennstoff-Chem.,  6,  169  (1925). 

Presented  before  the  Division  of  Analytical  and  Micro  Chemistry  at  the 
Meeting-in-Print  of  the  American  Chemical  Society,  September,  1945. 
Based  upon  part  of  a  thesis  submitted  by  William  G.  Fredrick  in  partial  ful¬ 
fillment  of  the  requirements  for  the  degree  of  doctor  of  science  at  the  Uni¬ 
versity  of  Michigan. 


Determination  of  Dissolved  Gases  in  Volatile  Liquids 

A  Boiling-Out  Method 

C.  C.  MELOCHE  and  W.  G.  FREDRICK1 
Chemical  Laboratory,  University  of  Michigan,  Ann  Arbor,  Mich. 


A  highly  satisfactory  method  for  the  recovery  of  gases  dissolved 
in  ether  and  other  volatile  solvents  has  been  devised,  based  upon 
the  principle  of  boiling  out  in  a  partial  vacuum,  using  a  reflux  con¬ 
denser  cooled  by  dry  ice,  removing  the  small  amount  of  residual 
solvent  vapor  by  chemical  means,  and  transferring  the  recovered 
gases  to  a  gas  buret  for  measurement  and  analysis.  The  low  tempera¬ 
ture  employed  minimizes  the  risk  of  side  reactions.  Results  can  be 
obtained  with  an  absolute  accuracy  of  about  0.03  volume  %  or 
better,  referred  to  the  volume  of  the  liquid  sample  for  all  concentra¬ 
tions  of  dissolved  fixed  gases  in  ether  such  as  air,  nitrogen,  and  oxy¬ 
gen,  and  for  moderate  partial  pressures  of  the  more  soluble  gases 
such  as  methane  in  the  gaseous  mixture  recovered. 


ONE  of  the  oldest  methods  for  the  recovery  of  dissolved 
gases  in  aqueous  solvents  is  the  so-called  boiling-out  proc¬ 
ess.  Many  of  the  methods  ( 1 ,  3,  6-9)  used  for  the  determination 
of  dissolved  gases  may  be  regarded  as  modifications  of  this  pro¬ 
cedure.  In  the  present  case  the  dissolved  gases  in  a  volatile  sol¬ 
vent  such  as  ether  are  removed  by  boiling  out  and  evacuation, 
using  an  efficient  reflux  condenser,  cooled  by  a  suitable  refriger¬ 
ant.  The  small  amount  of  solvent  vapor  remaining  is  removed 
by  a  selective  absorbent  contained  in  a  gas  pipet,  thus  avoiding 
the  necessity  of  fractional  distillation.  The  advantages  of  the 
present  method  are:  applicability  to  volatile  solvents,  minimiz¬ 
ing  of  side  reactions  and  of  the  decomposition  of  unstable  solvents, 
use  of  large  samples  with  consequent  greater  accuracy,  simpler 
technique,  and  less  expense. 

The  sublimation  method  (2)  suitably  modified  was  also  inves¬ 
tigated  by  the  authors  and  found  to  have  several  important  ad¬ 
vantages — namely,  quantitative  removal  of  solvent  vapor  from 
the  gases  recovered,  elimination  of  possible  side  reactions,  avoid¬ 
ance  of  the  decomposition  of  unstable  solvents  and  of  the  forma¬ 
tion  of  constant-boiling  mixtures,  special  suitability  for  the  test¬ 
ing  of  boiled-out  solvents  for  freedom  from  dissolved  gases,  and 
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better  adaptability  for  semimicroprocedure.  However,  the 
method  is  more  complicated  and  the  apparatus  and  materials 
are  more  expensive  than  in  the  boiling-out  method.  At  the  low 
temperatures  suited  for  the  sublimation  of  the  solvent,  some 
gases,  such  as  carbon  dioxide  and  propylene,  may  be  left  in  the 
sublimate.  A  higher  vacuum  is  required,  liquid  air  or  preferably 
liquid  nitrogen  is  often  needed,  and  large  samples  are  not  feasible. 
The  very  ingenious  method  of  Swanson  and  Hulett  (8),  though 
well  adapted  to  the  determination  of  dissolved  gases  in  aqueous 
solutions,  is  not  generally  available  for  the  determination  of  dis¬ 
solved  gases  in  highly  volatile  solvents. 

APPARATUS  FOR  THE  BOILING-OUT  METHOD 

The  apparatus  which  is  shown  diagrammatieally  in  Figure  1  re¬ 
sembles  in  several  respects  that  of  Lorah,  Williams,  and  Thomp¬ 
son  ( 3 ).  It  is  made  entirely  of  Pyrex  and  consists  essentially  of 
a  boiling  out  bulb,  A,  of  1000-ml.  capacity,  provided  with  a 
bulbed  reflux  condenser,  B,  which  is  connected  by  means  of  the 
tube,  th  to  the  Geissler-Van  Slyke  (11)  pump,  C,  D.  k  has  an 
internal  diameter  of  8  mm.,  is  provided  with  the  hump,  h,  and 
slopes  toward  the  condenser.  The  mercury-sealed  ground-glass 
joints,  ji  and  j3,  permit  removal  of  the  tube  for  cleaning.  The 
Geissler-Van  Slyke  mercury  pump  includes  the  expansion  cham¬ 
ber,  C,  of  about  170-ml.  capacity,  the  trap,  D,  of  about  30-ml. 
capacity,  and  a  three-necked  500-ml.  Woulff  bottle,  E.  The 
upper  bulb  of  the  sampling  pipet,  F,  has  a  capacity  of  100  ml. 
and  the  lower  bulb  a  capacity  of  100  to  300  ml.  or  more.  The 
entire  apparatus  is  mounted  on  a  rigid  steel  frame  not  shown. 

PROCEDURE  FOR  DETERMINATION  OF  GASES  IN  SYNTHETIC  SAMPLES 

In  order  to  carry  out  the  determination  of  dissolved  gases  the 
Woulff  bottle,  E,  is  filled  with  purified  mercury,  the  three  stop¬ 
pers  of  E  are  securely  wired  down,  and  a  suitable  mercury-filled 
gas  buret  is  attached  at  a.  All  stopcocks  and  ground  joints  are 
lubricated  with  a  special  dextrin-glycerol-mannitol  lubricant  ( 5 ) 
insoluble  in  ether.  In  the  examination  of  synthetic  samples, 
pipet  F  previously  calibrated  is  evacuated  by  means  of  a  good  oil 
pump  and  charged  with  a  measured  amount  of  well  boiled-out 
ether  of  analytical  reagent  quality  and  measured  amounts  of  the 
desired  gas  or  gases.  Before  ether  is  admitted  to  the  evacuated 
pipet,  F,  tube  U  is  lowered  well  below  the  undisturbed  surface  of 
the  ether  and  filled  with  ether  by  gentle  suction  on  tube  U,  bring- 
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ing  the  first  few  milliliters  of  ether  into  tube  U  and  closing  stop¬ 
cock  Se.  After  introduction  of  the  measured  amount  of  well 
boiled-out  ether  into  F  by  appropriate  adjustment  of  S6,  this 
stopcock  is  turned  so  that  the  unused  ether  in  tubes  U  and  U  can 
be  removed.  A  leveling  bulb  is  now  attached  to  U  by  pressure 
tubing,  and  all  air  in  t%  and  in  the  pressure  tubing  is  displaced  by 
mercury.  The  gas  is  then  brought  into  solution  in  the  ether  in  F 
by  pressure  exerted  on  raising  the  leveling  bulb  and  by  shaking. 
The  charged  pipet  F,  is  then  attached  at  ji  and  the  annular  spaces 
of  ji,  j2,  and  ji  are  filled  with  mercury. 

AJter  all  air  is  expelled  from  the  buret  and  capillary  tube,  t2,  the 
entire  Geissler-Van  Slyke  pump,  C,  D,  is  filled  with  mercury 
above  St  but  below  jt  by  application  of  compressed  air  at  <S6. 
A  layer  of  mercury  is  placed  at  the  bottom  of  the  jacket  of  the 
bulbed  condenser,  B,  to  protect  the  rubber  stopper.  The 
jacket  is  then  filled  with  solid  carbon  dioxide  and  acetone. 
With  stopcock  Si  open  to  A,  but  stopcocks  S3,  S6,  S7  closed,  the 
apparatus  is  thoroughly  evacuated  through  S2.  Stopcock  S2 
is  now  closed  and  the  previously  prepared  synthetic  sample 
is  introduced  at  Si.  By  means  of  the  Geissler-Van  Slyke 
pump,  C,  D,  operated  by  compressed  air  and  vacuum  at  S5, 
the  evolved  gas  slightly  contaminated  with  ether  vapor  is 
gradually  transferred  to  the  buret.  If  any  liquid  ether  appears 
in  pump  chamber  C,  stopcock  St  is  turned  so  that  all  liquid 
ether,  but  no  gas,  may  be  transferred  to  trap  D.  By  means 
of  a  coil  of  slightly  heated  resistance  wire  wound  around  the 
lower  third  of  the  distillation  bulb,  the  frost  that  collects  on 
the  bulb  is  kept  melted  for  the  most  part,  until  no  further  bubbles 
of  gas  collect  at  the  tip  of  the  mercury  pump  on  the  upward 
stroke. 


ANALYSIS  OF  GASEOUS  MIXTURE  RECOVERED 

The  gases  normally  present  are  nitrogen  and  oxygen.  Small 
amounts  of  methane,  carbon  dioxide,  hydrogen,  and  ethylene 


Table  I.  Recovery  of  Tank  Nitrogen  Dissolved  in  or  Mixed  with 

75  Ml.  of  Ether 

(0°  C.,  760  mm.) 


Nitrogen 

Nitrogen 

Deviation,  Ml.  of 
Nitrogen/ 100 

Added 

Recovered 

Deviation 

Ml.  of  Ether 

Ml. 

Ml. 

Ml. 

16.49 

16.51 

+  0.02 

+  0.03 

18.01 

18.00 

-0.01 

-0.01 

19.67 

19.59 

-0.08 

-0.11 

17.22 

17.31 

+  0.09 

+0.12  ' 

15.42 

15.47 

+  0.05 

+  0.07 

h 


Figure  1 .  Apparatus  for  Recovery  of  Dissolved  Gases  from  Volatile 

Liquids 


Table  II.  Recovery  of  Carbon  Dioxide-Free  Air  Dissolved  in  or 
Mixed  with  300  Ml.  of  Ether 


(0°  C.,  760 

mm.) 

Deviation, 
Ml.  of  Air/100 

Air  Added 

Air“  Recovered 

Deviation 

Ml.  of  Ether 

Ml. 

Ml. 

Ml. 

75.00 

75.04 

+  0.04 

+  0.01 

81.97 

81.92 

-0.05 

-0.02 

68.45 

68.49 

+  0.04 

+  0.01 

27.02 

27.10 

+  0.08 

+  0.03 

73.15 

73.20 

+  0.05 

+  0.02 

°  Air  recovered  contained  in  each  case  20.9  or  21.0%  oxygen. 


Table  III.  Recovery  of  Tank  Oxygen  Dissolved  in  or  Mixed  with 
300  Ml.  of  Ether 


Oxygen  Added 
Ml. 


(0°  C.,  760  mm.) 
Oxygen 

Recovered  Deviation 

Ml.  Ml. 


Deviation,  Ml.  of 
Oxygen/100 
Ml.  of  Ether 


87.63  87.69 
80.07  80.05 
40.49  40.42 


+  0.06  +0.02 

-0.02  -0.01 

-0.07  -0.02 


may  also  be  present.  The  ether  vapor,  which  constitutes  0.5 
to  3%  of  the  gaseous  phase,  and  any  traces  of  alcohol  vapor  are 
first  removed  by  a  pipet  containing  fuming  sulfuric  acid,  or  pref¬ 
erably  70%  perchloric  acid.  Solutions  formed  by  the  reaction 
of  perchloric  acid  dihydrate  and  liquid  ether  in  the  ratio  of  2  to  1 
by  volume  had  a  negligible  vapor  pressure  (0  mm.  of  mercury)  at 
25°  C.  as  measured  in  the  Van  Slyke  manometric  apparatus. 
No  trouble  with  explosions  was  ever  experienced  in  this  connec¬ 
tion,  but  the  use  of  an  explosion  screen  is  recommended.  The 
gases  recovered  are  determined  by  customary  methods,  except 
that  traces  of  hydrogen  are  estimated  by  the  method  of  Zeng- 
helis  (12)  slightly  modified.  Ethylene  or  other  unsaturated  hy¬ 
drocarbon  gases  if  present  would  be  removed  with  the  ether 
vapor.  The  separation  of  ether  vapor  from  ethylene  will  be  dis¬ 
cussed  in  another  paper  (4)  . 


RESULTS 

The  results  for  the  recovery  of  dissolved  nitrogen,  air,  oxygen, 
and  methane  are  given  in  Tables  I  to  IV,  inclusive.  The  volumes 
of  all  gases  and  gaseous  mixtures  have  been  calculated  to  0°  C. 
and  760  mm.  The  ether  contained  in  pipet  F  was  in  all  cases  at 
room  temperature,  about  25°  C.,  and  the  gases  were  dissolved 
to  as  large  an  extent  as  possible.  The  quantitative  recovery  of 
the  gaseous  mixture  added  was  regarded  in  some  cases  as  suffi¬ 
ciently  indicative  of  the  success  attained  without  further  analysis. 
Recovery  of  the  gases  above  mentioned  is  highly  satisfactory. 

INDEPENDENT  CHECK  ON  TECHNIQUE  OF  SAMPLING 

In  order  to  make  certain  that  the  error  in  sampling  was  neg¬ 
ligible,  dry  carbon  dioxide-free  air  was  passed  at  a  slow  rate  for 


Table  IV.  Recovery  of  Methane-Tank  Nitrogen  Mixtures  Dissolved 
in  or  Mixed  with  500  Ml.  of  Ether 


(0°  C.,  760  mm.) 


Gaseous 

Gaseous 

Deviation, 
Ml.  of  Gaseous 

Mixture 

Mixture 

Mixture/ 100 

Added® 

Recovered® 

Deviation 

Ml.  of  Ether 

Ml. 

'Ml. 

Ml. 

70.00 

69.60 

-0.40 

-0.08 

71.55 

70.20 

-1.35 

-0.27 

82.47 

81.45 

-1.02 

-0.20 

75.10 

74.20 

-0.90 

-0.18 

75.49 

76.02 

+  0.53 

+  0.11 

79.63 

79.60 

-0.03 

-0.01 

40.27 

40.22 

-0.05 

-0.01 

16.50 

16.52 

+  0.02 

+  0.00 

15.18 

15.15 

-0.03 

-0.01 

®  In  the  first  four  experiments  methane-nitrogen  mixture  contained  90% 
methane  and  in  the  last  five  50%  methane. 
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Tabic  V.  Comparison  of  Results  Obtained  by  Boilin3-Out  and 
Van  Slyke  Methods 


Barometric  Pressure 
Mm.  of  I! o 

737.5 

739.6 
741.0 


Gas  at  S.T.P.  per  5 
Boiling  out  method 
Ml. 

0.0876 

0.090 

0.0910 


.  of  Ether  at  24°  C. 
Van  Slyke  method 
Ml. 

0.0875 

0.091 

0.0915 


many  hours  through  analytical  reagent  ether  contained  in  a  1- 
liter  flask  immersed  in  a  constant-temperature  bath  kept  at 
24  °  C.  The  total  dissolved  gas  was  then  determined  by  the  boiling- 
out  method  and  by  the  manometric  method  of  Van  Slyke  (70). 
Preliminary  experiments  made  with  the  Van  Slyke  apparatus 
had  shown  that  the  addition  of  2.0  ml.  of  degassed  70  to  72% 
perchloric  acid  to  1.0  ml.  of  well  boiled-out  ether  reducedthe  vapor- 
pressure  of  the  mixture  to  a  negligible  value  and  that  perchloric 
acid  was  preferable  to  sulfuric  acid  or  phosphoric  acid  for  this 
purpose.  The  results  are  given  in  Table  V. 

The  agreement  between  the  results  obtained  by  the  two  widely 
different  methods  is  sufficient  to  warrant  the  conclusion  that  the 
error  in  the  technique  of  sampling  in  the  case  of  the  boiling-out 
method  is  negligible. 

PROCEDURE  FOR  ROUTINE  DETERMINATION  OF  GASES  IN  ETHER  OF 
UNKNOWN  GAS  CONTENT 

In  routine  work  on  samples  of  unknown  gas  content,  pipet  F 
may  be  used  as  before  for  the  volumetric  measurement  of  the 
samples  of  ether,  except  that  no  gas  of  any  sort  is  introduced 
into  the  evacuated  pipet  other  than  the  gases  originally  present  in 
the  ether.  If  the  apparatus  is  to  be  used  exclusively  for  the  rou¬ 


tine  examination  of  ether  samples,  ground  joint  j i  and  pipet  F 
may  be  omitted  and  20  cm.  or  more  of  5-mm.  glass  tubing  sealed 
on  below  stopcock  <Si.  The  samples  may  then  be  conveniently 
measured  by  difference  in  weight  of  the  original  container  before 
and  after  removal. 
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Observations  on  the  Rare  Earths 

Extraction  of  Ytterbium  from  Rare  Earth  Mixtures  with  Sodium  Amalgam 

THZRALD  MOELLER  AND  HOWARD  E.  KREMERS1,  Noyes  Chemical  Laboratory,  University  of  Illinois,  Urbana,  III. 


OUTSTANDING  among  recent  developments  in  the  separa¬ 
tion  of  the  rare  earth  elements  are  the  methods  involving 
direct  reduction  of  certain  of  the  trivalent  rare  earth  ions  to 
amalgams  from  aqueous  solutions.  Thus,  by  electrolytic  reduc¬ 
tion  at  a  mercury  cathode  in  alkaline  acetate  solutions  containing 
potassium  citrate  and  potassium  carbonate,  McCoy  ( 5 ,  6)  pre¬ 
pared  europium,  ytterbium,  and  samarium  amalgams  in  yields 
decreasing  in  this  order.  By  this  method,  europium  was  readily 
removed  from  rare  earth  mixtures  ( 6 )  and  ytterbium  was  extracted 
with  somewhat  less  efficiency  (7).  While  McCoy  was  unable 
to  obtain  amalgams  of  the  other  rare  earth  elements  by  this  pro¬ 
cedure,  he  did  obtain  europium,  ytterbium,  and  samarium  amal¬ 
gams  by  treating  acetate  solutions  containing  citrate  and  potas¬ 
sium  carbonate  with  potassium  amalgam  ( 5 ,  6). 

In  an  important  series  of  papers,  Marsh  (8-11)  showed  that 
the  same  three  elements  could  be  extracted  as  amalgams  by  shak¬ 
ing  acidic  acetate  (or  chloride)  solutions  with  dilute  sodium 
amalgam,  the  vigorous  reactions  in  acidic  media  resulting  in  more 
efficient  reductions  than  the  milder  reactions  in  the  alkaline  media 
used  by  McCoy.  Indeed,  under  such  conditions,  Marsh  (8)  was 
able  to  produce  amalgams  with  lanthanum,  cerium,  praseodym¬ 
ium,  neodymium,  and  gadolinium  as  well,  although  the  tendencies 
toward  amalgamation  were  far  less  with  these  elements  than  with 

1  Present  address,  Lindsay  Light  and  Chemical  Company.  West  Chicago, 

Ill. 


europium,  ytterbium,  and  samarium.  Agitation  of  acetate  solu 
tions  with  liquid  sodium  amalgam  with  maintenance  of  a  suitable 
acidity  permitted  the  separation  of  samarium  from  its  neighbors 

(9) ,  the  separation  of  ytterbium  and  purification  of  lutecium 

(10) ,  and  the  isolation  of  europium  (11),  all  with  comparatively 
high  efficiencies. 

Reduction  procedures  previously  employed  in  this  laboratory 
for  the  separation  of  ytterbium  (1,  13,  14)  depended  upon  the 
isolation  of  ytterbous  sulfate,  but  since  ytterbous  sulfate  is 
appreciably  soluble  (4),  these  procedures  did  not  quantitatively 
remove  ytterbium  from  the  other  rare  earth  elements.  Applica¬ 
tion  of  the  sodium  amalgam  extraction  technique  of  Marsh  to 
some  of  the  authors’  materials  overcame  this  lack  of  quantitative 
ytterbium  removal.  While  the  observations  of  Marsh  were  sub¬ 
stantiated  in  their  major  details,  additional  results  on  some 
phases  of  the  method  apparently  not  investigated  by  Marsh  ap¬ 
peared  worth  reporting.  In  addition,  a  qualitative  colorimetric 
test  for  ytterbium  and  a  new  method  for  the  removal  of  sodium 
ion  from  rare  earth  mixtures  are  discussed. 

MATERIALS  AND  APPARATUS 

All  rare  earth  materials  used  were  from  the  stock  accumulated 
at  the  University  of  Illinois.  Other  chemicals  were  of  analytical 
reagent  quality  and  were  used  without  further  purification. 

Solid  sodium  amalgam  was  prepared  from  sodium  metal  and 
mercury  by  combination  under  oil  (3).  Liquid  amalgams  were 
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Direct  reduction  of  ytterbic  ion  to  ytterbium  amalgam  by  sodium 
amalgam  in  acidic  solutions  has  been  verified  as  an  excellent  method 
for  the  removal  of  ytterbium  from  rare  earth  fractions  and  the  puri¬ 
fication  of  ytterbium  and  materials  containing  ytterbium.  In  dilute 
solutions,  the  efficiency  of  the  extraction  is  inversely  proportional 
to  the  coordinating  tendency  of  the  anion.  In  more  concentrated 
solutions,  acetates  are  preferable  because  of  the  formation  of  stable, 
amalgam-containing  sludges  in  the  presence  of  chloride  or  perchlo¬ 
rate.  Ions,  such  as  nitrate,  which  are  reducible  by  sodium  amalgam 
must  be  absent.  For  most  satisfactory  results,  extractions  should  be 
made  in  the  pH  range  4  to  6.  Dissolution  of  the  amalgams  to  the 
green  ytterbous  ion  in  acid  solution  offers  a  qualitative  colorimetric 
test  for  the  detection  of  as  little  as  0.002  gram  of  ytterbic  oxide  in  a 
mixture.  Sodium  salts  which  accumulate  in  rare  earth  materials  in 
these  procedures  are  effectively  removed  by  precipitation  of  the 
rare  earth  elements  with  ammonium  succinate. 


prepared  from  the  stock  solid  by  addition  of  calculated  weights  of 
mercury. 

All  spectrophotometric  measurements  used  for  analysis  were 
made  with  a  Coleman  Model  10S  spectrophotometer  equipped 
with  a  10  niju  slit.  This  instrument  was  calibrated  against  pure 
ytterbium  material  (IS)  and  against  erbium  and  thulium  ma¬ 
terials  previously  analyzed  by  the  National  Bureau  of  Standards. 
Measurements  of  pH  values  were  made  with  a  Beckman  Labora¬ 
tory  Model  G  pH  meter,  the  glass  electrode  of  which  had  been 
calibrated  against  a  0.05  M  potassium  acid  phthalate  solution. 

EXTRACTION  OF  YTTERBIUM  FROM  SOLUTIONS  CONTAINING 
VARIOUS  ANIONS 

Although  Marsh  found  acetate  solutions  superior  to  chloride 
solutions  (8),  he  reported  no  really  comparative  studies.  Such 
studies  seemed  desirable,  not  only  for  establishing  the  optimum 
conditions  for  the  extraction  of  ytterbium  but  also  for  determin¬ 
ing  the  effects  of  acid  strength  and  coordinating  tendency  of  the 
anion  upon  the  reducibility  of  the  cation.  The  latter  seemed  of 
particular  importance  because  the  oxidation  potentials  of  metals 
against  their  cations  are  often  influenced  by  the  presence  of  co¬ 
ordinating  anions. 

From  a  number  of  salts,  the  acetate,  dichloroacetate,  formate, 
chloride,  and  perchlorate  were  selected  as  being  not  only  repre¬ 
sentative  but  also  easy  to  prepare.  The  nitrate  was  excluded 
because  previous  experiments  had  shown  that  nitrate  solutions, 
or  even  acetate  solutions  containing  nitrate,  yield  no  ytterbium 
amalgam  when  treated  with  sodium  amalgam,  probably  because 
of  preferential  reduction  of  the  nitrate.  In  addition,  alkaline 
citrate  solutions  were  studied  to  afford  a  comparison  of  the  pro¬ 
cedure  with  that  of  McCoy  (5,  6,  7). 

Ytterbium  acetate,  dichloroacetate,  formate,  chloride,  and  per¬ 
chlorate  solutions  were  prepared  by  digesting  1-gram  portions  of 
pure  ytterbic  oxide  with  excesses  of  1  to  1  acids  (concentrated 
acids  diluted  with  equal  volumes  of  water)  on  a  steam  bath  until 
dissolution  was  complete,  evaporating  to  dryness  to  remove  most 
of  the  excess  acids,  and  diluting  to  300  ml.  A  citrate  solution 
was  prepared  by  mixing  an  acetate  solution  containing  the 
equivalent  of  1  gram  of  ytterbic  oxide  with  a  solution  containing 
8  grams  of  sodium  citrate  and  then  adding  sodium  hydroxide  to 
pH  7. 

These  solutions  were  extracted  with  0.7-gram  portions  of 
sodium  as  0.1%  amalgam  for  varying  lengths  of  time  by  vigor¬ 
ously  stirring  the  aqueous  and  amalgam  layers  together  mechani¬ 
cally  at  a  definite  and  reproducible  rate.  The  acidities  of  the 
acetate,  dichloroacetate,  formate,  chloride,  and  perchlorate  solu¬ 
tions  were  maintained  at  pH  4  to  6  by  periodic  additions  of  1  to  1 
acids.  No  acid  was  added  to  the  citrate  solution.  The  amal¬ 
gams  (all  still  containing  sodium)  were  withdrawn  and  com¬ 
pletely  decomposed  by  covering  with  dilute  hydrochloric  acid 
and  aspirating  air  through  them  until  mercurous  chloride  formed. 
From  the  resulting  aqueous  solutions  and  washings,  ytterbium 
was  recovered  by  oxalate  precipitation  and  determined  as  oxide. 

Plotted  in  Figure  1  are  the  yields,  expressed  as  percentage  of 
ytterbium  initially  present,  for  acetate,  formate,  chloride,  per¬ 


chlorate,  and  citrate  solutions.  Dichloroacetate  solutions  re¬ 
acted  with  sodium  amalgam  but  yielded  practically  no  ytterbium 
amalgam. 

It  is  apparent  that  the  extent  of  extraction  was  inversely  pro¬ 
portional  to  the  coordinating  tendency  of  the  anion.  With  per¬ 
chlorate,  chloride,  and  formate  solutions,  amalgam  formation 
was  the  same  up  to  a  maximum.  Beyond  this,  however,  the 
stability  of  ytterbium  amalgam  in  contact  with  dilute  acid  in¬ 
creased  from  formate  to  perchlorate.  Thus  the  reduction  of 
ytterbic  ion  to  the  amalgam  seems  to  be  most  easily  effected  in 
(he  presence  of  the  most  weakly  coordinating  anion,  and  coordi¬ 
nating  anions  appear  to  render  ytterbic  ion  more  resistant  to  re¬ 
duction. 

Acid  strength  was  apparently  without  influence  upon  amalgam 
formation,  since  the  results  for  perchlorate,  chloride,  and  formate 
solutions  were  nearly  the  same.  Citrate  solutions  were  definitely 
inferior  to  the  acidic  solutions  employed.  The  increased  effi¬ 
ciency  of  Marsh’s  procedure  over  that  of  McCoy  is  thus  indicated. 

The  appearance  of  the  apple-green  color  of  the  hydrated  ytter¬ 
bous  ion  (indicated  by  arrows  in  Figure  1 )  corresponded  closely 
with  the  point  of  maximum  extraction.  Direct  reduction  to  the 
amalgam  is  apparently  followed  by  dissolution  of  the  ytterbium 
as  the  divalent  material  upon  excessive  contact  between  the 
aqueous  and  amalgam  layers.  In  order  to  achieve  maximum 
efficiency  in  actual  extractions,  amalgamation  should  therefore  bn 
continued  only  to  the  appearance  of  this  green  color. 

The  greater  desirability  of  more  concentrated  solutions  for 
larger  scale  separations  indicated  an  extension  of  the  extraction 
technique  to  these  conditions.  For  this  purpose,  an  oxide  mix¬ 
ture,  analyzing  spectrophotometrically  (15)  to  69%  Yb203,  6% 
TmiOj,  and  3%  Er203  with  undetermined  amounts  of  yttrium  and 
lutecium,  was  used  as  a  source.  Perchlorate,  chloride,  formate, 
and  acetate  solutions,  each  containing  the  equivalent  of  10  grams 
of  this  oxide  mixture  in  125  ml.,  were  each  shaken  with  a  total  of  7 
grams  of  sodium  as  0.2%  amalgam  in  a  1 -liter  separatory  funnel. 
Acid  was  added  during  each  extraction,  and  in  all  instances  the 
amalgams  contained  sodium  when  withdrawn. 

Because  of  the  formation  of  stable  sludges  containing  the  amal¬ 
gams,  perchlorate  and  chloride  solutions  were  unsatisfactory  un¬ 
der  these  conditions  of  increased  concentration.  Acetate  and 
formate  solutions  gave  favorable  results,  but  acetate  solutions 
permitted  the  more  ready  separation  of  aqueous  and  amalgam 
layers.  After  five  extractions,  each  of  1  to  2  minutes’  duration, 
with  fresh  portions  of  sodium  amalgam,  97%  of  the  ytterbium 
initially  present  was  removed  from  acetate  and  formate  solutions. 
Although  extraction  at  50°  C.  was  slightly  more  efficient  than  at 
room  temperature,  the  differences  were  not  large. 

EXTRACTION  OF  YTTERBIUM  ACETATE  SOLUTIONS  AT  VARIOUS 

ACIDITIES 

To  test  the  effect  of  hydrogen-ion  concentration  upon  extrac¬ 
tion  efficiency,  acetate  solutions  containing  the  equivalent  of  1 
grain  of  pure  ytterbic  oxide  in  50  ml.  were  extracted  with  3  grams 


Figure  1.  Extraction  of  Ytterbium  in  the  Presence  of 
Various  Anions 
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Table  I.  Removal  of  Ytterbium  from  Mixtures 


Number 

of  Composition  as  Per  Cent  Oxide 


Inventory 

Grams  of  R2O3 

Extrac¬ 

T1H2O3 

Yb203 

LU2O3 

No. 

Original 

Residue 

tions 

1“ 

Ra 

1“ 

Ra 

Ia 

R° 

LU-3 

11.2 

1.52 

5 

1 

9 

36 

<0.2 

63 

91 

LU-4 

74.3 

10.0 

11 

1 

4 

61 

<0.3 

37 

95 

LU-5 

11.6 

0.65 

5 

1 

17 

87 

4 

12 

81 

LU-6 

18.8 

3.13 

4 

3 

20 

75 

6 

22 

74 

LU-TM-1 

39.1 

2.61 

8 

6 

55 

87 

5 

7 

40 

T-4i> 

4.6 

1.32 

5 

26 

88 

65 

<  4 

TM-5' 

14.4 

7.04 

'  3 

47 

88 

45 

<  1 

°  I,  initial  material;  R,  residue. 

6  Average  atomic  weight  156. 

c  Original  mixture  contained  7%  (La,  Y,  Ho,  EO2O3. 


of  sodium  as  0.1%  amalgam  until  about  two  thirds  of  the  sodium 
had  reacted  in  each  instance,  the  solutions  being  maintained  at 
predetermined  pH  values  by  addition  of  glacial  acetic  acid.  Ex¬ 
tractions  in  pH  ranges  of  4  to  5,  5  to  6,  and  6  to  7  indicated  the 
greatest  efficiency  and  ease  of  control  in  the  pH  interval  5.0  to 
5.5.  In  the  pH  range  4  to  6,  93.5  to  95.8%  of  the  ytterbium 
initially  present  was  removed  in  one  extraction,  but  at  higher 
acidities,  premature  decompositions  of  the  amalgams  gave  less 
extraction.  Precipitation  of  ytterbic  hydroxide  at  pH  6.5  (12) 
limits  extractions  to  more  acid  solutions. 

SEPARATION  OF  YTTERBIUM  FROM  MIXTURES  - 

Several  lutecium-  and  thulium-rich  mixtures  were  converted  to 
-acetate  solutions  by  digesting  the  oxides  for  several  days  with 
dilute  acetic  acid  on  a  steam  bath.  The  nearly  saturated  acetate 
solutions  were  shaken  with  3  to  11  portions  of  0.1  to  0.8%  sodium 
amalgam  in  a  separatory  Tunnel  for  1  to  10  minutes  per  extraction, 
acetic  acid  being  added  periodically  to  maintain  acidity.  In  each 
instance,  the  total  quantity  of  sodium  used  amounted  to  1  to  3 
times  the  weight  of  ytterbium  initially  present. 

The  results  are  presented  in  Table  I.  Ytterbium  and  thulium 
analyses  were  made  spectrophotometrically  upon  nitrate  solutions 
(15).  Lutecium  contents  were  obtained  by  difference,  since  the 
arc  spectra  of  these  samples  showed  the  presence  of  negligible 
quantities  of  rare  earth  elements  other  than  ytterbium,  thulium, 
and  lutecium.  The  limit  of  detection  of  ytterbium  by  the  spec- 
trophotometric  method  was  0.2  to  0.3%  of  ytterbic  oxide.  None 
of  the  extracts  showed  spectrophotometric  evidence  of  thulium. 

These  data  substantiate  the  observations  of  Marsh  (10). 
Acetate  solutions  apparently  have  sufficient  latitude  as  to  the 
extraction  of  ytterbium  that  precise  acidity  control  can  be  sacri¬ 
ficed  on  a  laboratory  scale. 

QUALITATIVE  DETECTION  OF  YTTERBIUM 

The  apple-green  color  of  the  hydrated  ytterbous  ion  produced 
in  the  decomposition  of  sodium-ytterbium  amalgams  with  1  to  2 
N  hydrochloric  acid  offers  a  method  for  the  detection  of  ytterbium 
in  rare  earth  mixtures. 

To  5  ml.  of  the  nearly  neutral  rare  earth  chloride  solution  in  a 
test  tube  are  added  5  ml.  of  0.1%  sodium  amalgam.  The  mixture 
is  shaken  for  about  15  seconds,  and  about  10  drops  of  concen¬ 
trated  hydrochloric  acid  are  added  immediately  from  a  buret. 
The  mixture  is  again  shaken  for  several  seconds  to  remove  the 
bulk  of  the  sodium  from  the  amalgam.  As  soon  as  the  evolution 
of  hydrogen  diminishes,  an  apple-green  color  appears  if  0.002 
gram  or  more  of  ytterbic  oxide  is  present.  The  duration  of  the 
green  color  depends  upon  the  quantity  of  ytterbium  present. 
Natural  and  synthetic  mixtures  yielded  green  colors  lasting  from 
1  to  2  seconds  for  0.002  gram  of  ytterbic  oxide  to  2  to  5  minutes 
for  0.1  gram.  The  color  is  most  apparent  after  the  bulk  of  the 
sodium  in  the  amalgam  has  reacted. 

Although  samarium  gives  a  momentary  red  color  (samarous 
ion)  under  these  conditions,  this  does  not  limit  the  applicability 
of  the  test,  for  mixtures  containing  appreciable  quantities  of  both 
samarium  and  ytterbium  are  seldom  encountered.  The  green 
colors  of  the  trivalent  praseodymium  and  thulium  ions  cannot  be 
regarded  as  important  interferences,  for  praseodymium-ytter¬ 
bium  combinations  are  uncommon  and  the  thulium  color  is 
apparent  only  in  fairly  concentrated  solutions.  None  of  the 
other  rare  earth  ions  yields  a  color  under  these  conditions. 

The  green  color  is  also  developed  in  acetate  and  sulfate  solu¬ 


tions,  but  the  limit  of  detection  (0.01  gram  of  ytterbic  oxide)  is 
not  so  favorable.  Ions  such  as  nitrate  and  bromate,  which  are 
reduced  by  sodium  amalgam,  must  be  absent,  for  in  their  presence 
ytterbium  does  not  form  an  amalgam.  Larger  quantities  of 
sodium  amalgam  may  overcome  this  difficulty. 

RECOVERY  OF  SODIUM-FREE  RARE  EARTH  MATERIALS 

Precipitation  of  the  rare  earth  elements  from  extract  and  resi¬ 
due  solutions  with  oxalic  acid  removed  the  bulk  of  the  sodium 
ion,  but  appreciable  quantities  still  remained,  possibly  because  of 
the  slight  tendency  of  the  relatively  small  trivalent  ions  of  the 
heavier  members  of  the  rare  earth  series  to  form  oxalato  com¬ 
plexes  containing  sodium.  The  sebacate  precipitation  procedure 
of  Whittemore  and  James  (16)  will  eliminate  sodium  held  in  this 
fashion,  but  the  precipitates  are  extremely  light  and  voluminous 
and  are  difficult  to  ignite  without  loss  due  to  puffing. 

Better  results  are  obtained  by  precipitating  with  ammonium 
succinate.  A  single  oxalate  precipitation,  followed  by  dissolution 
of  the  resulting  oxides  in  nitric  acid  and  two  successive  succinate 
precipitations  removed  all  but  a  trace  (enough  to  yield  a  sodium 
flame  test  of  1  to  5  seconds’  duration)  of  sodium  from  materials 
containing  more  than  half  their  weight  of  sodium  salts.  Such 
succinate  precipitates  are  crystalline,  easily  removed  by  filtration, 
and  readily  convertible  to  oxides  *by  ignition.  The  success  of 
succinate  over  oxalate  precipitation  may  be  due  to  the  reduced 
tendency  of  the  succinate  ion  to  enter  into  the  chelate  rings 
essential  to  coordination  among  such  dibasic  acid  radicals. 

Succinate  precipitation  was  best  effected  by  adding  three  to 
four  times  the  theoretical  quantity  of  hot  10%  ammonium  suc¬ 
cinate  solution  to  a  boiling,  nearly  neutral  chloride  or  nitrate  solu¬ 
tion  containing  the  equivalent  of  not  more  than  5%  rare  earth 
oxides.  After  digestion  overnight  on  the  steam  bath,  the  precipi¬ 
tates  were  readily  removed  by  filtration  and  were  washed  with 
2%  ammonium  succinate  solution. 

Rough  solubility  measurements  upon  succinates  prepared  from 
purified  rare  earth  materials  indicated  that  approximately  the 
equivalent  of  0.05  to  0.2  gram  of  rare  earth  oxide  per  liter  re¬ 
mained  in  the  succinate  mother  liquors.  Solubilities  increase 
with  increase  in  atomic  number  of  the  rare  earth  element.  These 
solubilities  are  of  the  same  order  as  the  value  of  0.0575  gram  of 
yttrium  oxide  per  liter  reported  for  the  solubility  of  yttrium  suc¬ 
cinate  in  boiling  water  (2).  Microanalyses  indicated  the  lantha¬ 
num  and  ytterbium  precipitates  to  be  La2(C.tH.|04)3.3H20  and 
Yb2(C4H404)3.9  H20,  respectively. 
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Glass  Perforated  Plate  Distillation  Column 
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The  distillation  column  described  consists  of  perforated  glass  plates, 
downpipes,  and  plate  spacers,  which  may  be  inserted  without  sealing 
into  a  glass  column-tube.  Plates  may  be  inserted  or  removed  as  in  a 
packed  column,  allowing  operating  characteristics  to  be  varied  over 
a  wide  range.  The  column  is  easily  constructed. 

PLATE  columns  ( 2 ,  5,  6)  have  been  preferred  for  many  frac¬ 
tional  distillation  operations  in  the  laboratory  because  of 
their  large  throughput  and  relatively  constant  operating  charac¬ 
teristics.  However,  except  in  the  case  of  the  metal  sieve  plate 
columns  (5),  the  difficulties  involved  in  their  construction  have 
resulted  in  general  use  of  packed  or  film-type  fractionating  col¬ 
umns.  The  column  described  in  this  article  employs  glass  per¬ 
forated  plates  which  may  be  easily  constructed.  These  plates 
may  be  inserted  or  removed  in  a  manner  comparable  to  a  packed 
column,  allowing  the  operating  characteristics  to  be  varied  over 
a  wide  range. 

DESCRIPTION  OF  PERFORATED  PLATE  COLUMN 

The  column  (Figure  1)  consists  of  perforated  glass  plates, 
downpipes,  and  plate  spacers  (together  with  baffles  in  some 
cases),  which  may  be  inserted  without  sealing  into  a  glass  col¬ 
umn-tube.  Tolerances  greater  than  0.4  mm.  in  25  may  be  per¬ 
mitted  in  the  plate  and  spacer  diameters,  so  that  the  column-tube 
may  be  a  selected  piece  of  stock  tubing.  (The  selection  was 
based  on  the  outside  diameter  and  the  wall  thickness  at  the  ends 
of  the  tube.)  The  plates  and  spacers  are  held  in  place  by  means 
of  a  weight  sealed  to  the  spacer  resting  upon  the  top  plate. 

The  plates  are  sintered-glass  disks,  3  mm.  thick  and  25  mm.  in 
diameter.  When  assembled  in  the  column  with  the  spacers,  the 
effective  diameter  of  the  top  surface  is  22  mm.  They  are  provided 
with  60  perforations,  0.85  mm.  in  diameter,  at  radii  of  9,  7,  5, 

3,  and  0  mm.,  with  24,  19,  10,  6,  and  1  hole,  respectively.  The 
plates  are  also  provided  with  a  6-mm.  downpipe  hole  located  at  a 
radius  of  6.5  mm.  The  method  of  making  these  plates  is  de¬ 
scribed  below. 

The  downpipes  consist  of  pieces  of  6-mm.  tubing  shaped  as 
illustrated  in  Figure  1.  The  flared  end  of  downpipe  C  is  made  by 
blowing  a  bubble,  8  to  10  mm.  in  diameter,  flattening  one  side, 
and  cutting  it  off  at  the  desired  height  with  an  emery  wheel.  The 
flap  on  the  bottom  is  formed  by  sealing  the  end  and  notching  it. 
Except  in  the  tests  with  the  15-plate  column  (Table  III)  the  slots 
faced  the  wall  of  the  column.  The  columns  using  these  down- 
pipes  employed  a  bottom  downpipe  with  a  liquid  seal.  Down- 
pipe  E  was  used  in  the  final  test  with  the  48-plate  column  (Table 
IV,  B).  The  weir  notch  is  cut  half-way  through  the  rolled  rim 
and  is  2  mm.  wide.  The  lower  edge  of  this  weir  is  1  to  2  mm. 
above  the  surface  of  the  plate.  When  placed  in  the  plate  the 
weir  is  positioned  to  face  the  wall  of  the  column.  The  bottom 
end  is  constricted  by  fire-polishing  and  then  expanded  to  1.5-mm. 
inside  diameter  by  pushing  a  rod  of  this  size  through  while  it  is 
still  hot.  The  bottom  end  is  4  mm.  above  the  plate  below. 

The  spacers  are  made  of  short  lengths  of  25-mm.  tubing,  se¬ 
lected  to  fit  the  column-tube,  28  mm.,  as  closely  as  possible  without 
binding.  The  columns  with  50-mm.  plate  spacing  employ  a  set 
of  three  spacers  (Figure  1,  B ).  Each  spacer  is  12  mm.  long  with 
three  knobs  sealed  to  the  top,  making  the  effective  length  approx¬ 
imately  16  mm.  In  some  tests  the  plates  are  baffled  by  sealing  a 
plate  of  glass  in  the  center  of  the  spacer  resting  upon  the  plate. 
The  baffle  and  spacer  are  at  least  3  mm.  higher  than  the  overflow 
weir.  Figure  1,  C,  shows  a  baffle  permitting  flow  around  both 
ends.  Weirs  5  mm.  high  are  provided  at  the  ends  of  this  baffle. 
Figure  1,  D,  shows  an  around-the-end  baffle;  the  clearances  at 
the  ends  are  1  to  2  mm.  The  spacers  used  in  the  48-plate,  spaced 
26  mm.,  column  (Figure  1,  E )  are  constructed  from  a  23-mm. 
length  of  tubing.  This  tube  is  slotted  5  mm.  from  the  bottom, 
leaving  two  sections  of  wall,  4  mm.  wide,  for  support.  The  out¬ 
side  edges  of  these  sections  are  grooved  half-way  through.  The 
top  of  the  spacer  is  slotted  in  the  same  manner  but  at  right  angles  , 
to  the  bottom  slots.  The  slotted  section  is  cut  away,  leaving  two 


prongs,  which  are  beveled  so  that  the  upper,  outside  edge  does 
not  contact  the  wall  of  the  column-tube. 

The  weight  used  in  holding  the  plates  and  spacers  together  con¬ 
sists  of  a  short  piece  of  8-mm.  tubing  filled  with  mercury.  This 
is  sealed  to  the  spacer  resting  upon  the  top  plate  (Figure  1,  F),  so 
that  it  does  not  interfere  with  the  liquid  or  vapor  flow. 

The  column  is  best  assembled  by  dropping  the  plates  (and 
downpipes)  with  a  spacer  resting  on  the  top  individually  into  the 
column,  which  is  filled  with  water.  The  column  is  held  at  an 
angle,  so  that  the  downpipe  slides  into  the  position  desired.  The 
spacer  keeps  the  plate  perpendicular  to  the  axis  of  the  tube; 
otherwise  the  plate  falls  askew  and  tends  to  wedge  in  the  spacer 
on  the  plate  below.  A  more  rapid  method  of  assembling  is  to 
allow  water  to  flow  up  through  the  column  at  a  rate  just  sufficient 
to  float  the  plates.  The  plates  and  spacers  may  then  be  stacked 
in  from  the  top  down.  Variations  in  dimensions  of  the  pieces 
make  it  difficult  to  adjust  the  water  rate  correctly.  The  column 
is  dismantled  by  floating  the  pieces  out  in  the  reverse  manner. 
The  plates  and  spacers  cannot  be  dropped  in  or  out  of  a  dry  tube, 
as  they  invariably  become  wedged. 


CONSTRUCTION  OF  PERFORATED  PLATES 

The  die  shown  in  Figure  2  is  used  in  forming  the  plates.  The 
three  0.6-cm.  (0.25-inch)  plates  (B,  D,  E)  are  drilled  with  holes 
corresponding  to  the  perforations  and  the  downpipe  hole  of  the 
plate.  The  scale  of  the  die  is  15%  greater  than  that  of  the  final 
plate  to  allow  for  shrinkage  during  the  firing.  The  perforating 
pins,  G,  1  mm.  in  diameter,  and  F,  7  mm.  in  diameter,  are  soldered 
into  the  holes  drilled  in  plate  E.  The  fourth  plate,  C,  2  mm. 
thick,  is  drilled  with  a  40-mm.  hole  in  the  center  and  is  used  to 
hold  the  ring  mold,  H,  containing  the  powdered  glass,  during  the 
perforating  operation.  H  consists  of  a  ring  3  mm.  long,  whose  in¬ 
side  diameter  is  about  20%  larger  than  the  column-tube  diameter 
into  which  the  plate  is  to  be  inserted.  The  outside  diameter  of  the 
ring  mold  is  such  that  it  may  be  pressed  into  the  centering  hole  in 
plate  C.  All  four  plates  are  aligned  by  means  of  the  guide  rods,  A. 

The  powdered  glass  is  made  by  grinding  scrap  Pyrex  in  a  ball 
mill  until  it  is  approximately  350-mesh  and  finer.  The  powder  is 
moistened  with  water  until  a  coherent  mass  is  obtained.  This 
moistened  glass  is  pressed  into  the  ring  mold,  H,  which  rests  upon 
a  piece  of  filter  paper,  and  the  upper  surface  wiped  smooth  with  a 
metal  plate.  After  removal  of  the  filter  paper  the  glass  is  coated 
with  lubricating  oil,  the  upper  surface  covered  with  a  piece  of 
tissue  paper,  and  the  mass  perforated  in  the  die.  Plates  C  and  D 
are  lifted  off  the  die  together  and  wiped  apart.  The  perforated 
mass,  after  removing  the  tissue  paper,  is  pushed  out  of  the  mold, 
allowed  to  dry  in  the  air  for  15  minutes,  then  baked  at  600  °  C.  for 
15  minutes  in  a  muffle  furnace  open  to  the  air,  so  as  to  burn  out 
the  oil.  The  powdery  disk  is  rubbed  lightly  on  both  sides,  to 
smooth  the  surfaces  and  remove  any  foreign  matter,  and  the 
holes  are  blown  clear. 

The  disk  is  given  a  final  firing  in  a  muffle  furnace  at  925°  C. 
for  5  to  6  minutes.  The  firing  time,  which  varies  a  little  with 
each  batch  of  glass  and  the  manner  of  forming  it,  is  determined 
in  the  following  manner:  After  the  disk  is  placed  in  the  furnace 
it  is  observed  periodically.  During  the  firing  the  disk  will  curl  up 
and  then  flatten  out.  It  is  removed  from  the  furnace  2  minutes 
after  it  has  flattened  out.  The  disk  so  formed  will  be  nonporous 
and  about  as  strong  as  a  solid  piece  of  clear  glass.  It  will  have 
shrunk  about  15%.  The  lines  and  holes  are  very  sharp  and  there 
is  no  apparent  distortion  except  for  a  slight  amount  at  the  outer 
edge  of  the  downpipe  hole.  During  the  firing  the  disk  is  sup¬ 
ported  by  a  piece  of  porous  clay  plate  which,  in  turn,  rests  upon  a 
piece  of  refractory  material  resistant  to  thermal  shock.  In  gen¬ 
eral,  the  clay  plate  can  be  used  for  only  one  firing,  after  which  it 
tends  to  break  apart. 

The  downpipe  hole  is  drilled  true  and  the  plate  ground  to  fit 
the  column-tube  in  which  it  is  to  be  inserted. 

COLUMN  DESIGN 

Spacers.  The  spacers  are  designed  for  the  purpose  of  holding 
the  plates  apart  (and  level),  retaining  the  liquid  on  the  plate,  and 
preventing  vapor  leakage  around  the  sides.  Spacers  with  knobs 
on  both  top  and  bottom  allow  considerable  vapor  leakage 
due  to  irregularities  in  the  column-tube  internal  diameter. 
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Spacers  without  knobs  drain  the  liquid  from  the  plates  by  wick 
action”,  causing  the  plates  to  run  dry  at  relatively  high  distilla¬ 
tion  speeds.  They  would  presumably  “short  out  the  liquid 
which  runs  down  between  the  column-tube  and  the  spacer. 

Spacers  consisting  of  a  short  piece  of  tubing  with  knobs  on  the 
bottom  edge  cause  the  plate  to  run  dry  at  low  speeds,  but  this  is 
not  serious  if  the  spacer  is  12  mm.  long,  and  there  is  practically  no 
vapor  leakage.  Spacers  consisting  of  short  pieces  of  tubing  with 
knobs  on  the  top  retain  the  liquid  on  the  plate  at  very  low  distil¬ 
lation  speeds.  There  is  some  vapor  leakage  around  the  sides,  but 
this  is  small  if  the  length  of  the  spacer  tube  is  sufficient  for  the 
liquid  on  the  plate  to  splash  over  it.  This  type  of  spacer  is  pre¬ 
ferred  because,  in  addition  to  retaining  the  liquid  on  the  plate  at 
low  speeds,  it  assists  in  assembling  the  column.  (The  spacer 
with  knobs  on  the  bottom  permits  the  plate  to  fall  askew  when  it 
is  being  assembled,  sometimes  causing  the  plate  to  wedge  in  the 
column.)  No  difference  in  plate  efficiency  was  observed  with 
either  of  the  latter  two  types. 

It  was  found  necessary  to  make  the  spacer  (without  knobs  or 
prongs)  between  12  and  25  mm.  long.  Spacers  shorter  or  longer 
than  this  would  invariably  wedge  in  the  column.  Consequently , 
for  plate  spacings  greater  than  30  mm.,  two  or  more  spacers  are 
necessary.  For  spacings  less  than  this  the  single  spacer  (r  igure  1, 
E)  is  used.  This  spacer  is  simpler  to  construct  than  those  with 
knobs  sealed  on;  in  addition,  the  supporting  prongs  are  perfectly 
level.  The  wall  supports  for  the  bottom  slots  are  set  at  right 
angles  to  the  prongs  and  their  outside  edges  notched  to  ensure 
that  the  liquid  which  runs  down  the  prongs  from  the  plate  above 
mixes  with  the  liquid  on  the  plate.  The  prongs  are  beveled  to 
prevent  contact  with  the  plate  edge  and  column-tube  wall  and 
decrease  the  amount  of  liquid  running  off  the  plates  by  way  of  the 

prongs.  .  .  ..  .  , 

These  spacers  have  the  disadvantage  of  retaining  some  liquid 
between  them  and  the  column  wall.  However,  this  liquid  has 
shown  no  noticeable  effect  on  the  distillations  made  with  these 
columns.  It  may  be  that  there  is  sufficient  circulation  due  to 
wick  action  to  prevent  it  from  being  stagnant.  This  effect  is  be¬ 
ing  considered  in  future  work. 

Downpipes.  The  downpipes  are  constructed  to  make  them 
independent  of  their  alignment. 

A  downpipe  utilizing  a  well  in  the  plate  below,  while  having 
better  operating  characteristics,  would  require  careful  positioning 
during  the  assembling.  There  is  the  further  possibility  that 
some  of  the  plates  might  get  out  of  line  during  the  handling  of  the 
column.  The  well  also  has  the  disadvantage  of  cutting  down  the 
active  area  of  the  plates.  The  important  factors  of  the  downpipe 
are  its  sealing,  stability,  and  reflux  capacity.  In  order  to  put  this 
column  on  the  line  it  is  necessary  for  the  plates  to  be  sealed  by 
liquid  running  from  the  top  plate  down.  _  . 

The  downpipe  consisting  of  a  4-mm.  tube  with  a  rod  inside 
(column  la,  Table  I)  was  found  to  be  self-sealing  at  moderate 


Table  I.  Preliminary  Tests  with  Benzene-Ethylene  Dichloride 

Four  plates,  spaced  .50  mm.,  were  used  in  all  cases  except  column  4  which 
had  3  plates,  spaced  70  mm.  The  downpipes  shown  in  Figure  1,  C,  were  used 
except  for  column  1.  Column  1  employed  4-mm.  tubes,  open  at  the  end, 
with  a  1-mm.  rod  inside. 

The  tests  were  made  over  the  range  55  to  65  mole  %  benzene  and  the  plate 
efficiencies  based  on  an  assumed  relative  volatility  of  1.08. 


Weir 

Plate  Efficiency,  %a 
Distillation  Rate, 

Holdup  per  Plate, 
Ml. 

Pressure 
Drop  per 
Plate, 

Column 

Height, 

Mm. 

Moles  per  Min. 

0.1  0.25  0.4  0.7 

Actual 

Theo¬ 

retical 

Mm.  of 
W  ater 

la6 

1 

55 

60 

55 

0.9-1. 5 

1.6-2. 7 

12-25 

2a  t 

5 

65 

65 

60 

1.9-2. 9 

2. 9-4. 9 

2bc 

5 

70 

65 

65 

2c<* 

5 

75 

(60) 

65 

3 . 0-4 . 3 

3ai> 

12 

85 

75 

70  70 

2. 5®— 3 . 0 

3bc 

12 

70 

65 

65 

16-35 

3d/ 

12 

90 

90 

75  65 

2. 4e— 2. 9 

2. 7-4. 5 

4a6 

20 

85 

75 

70 

5 . 5-4 . 5 

6. 5-6. 4 

<*  Efficiencies  for  baffled  plates  c,  d,  f  were  calculated  as  if  top  plate  was 
also  baffled. 

t  Unbaffled  plate. 

c  Bottom  3  plates  baffled,  permitting  flow  around  both  ends  of  baffle. 
No  weirs  at  ends  of  baffle. 

4  Same  as  6  with  weirs  at  end  of  baffle  (Figure  1,  C). 

e  Holdup  was  2.9  ml.  per  plate  at  distillation  rates  of  0.7  mole  per  minute 
and  less. 

/  Bottom  3  plates  baffled,  around-the-end  baffle  (Figure  1,  D) .  Baffles 
arranged  at  right  angles  to  each  other. 


Figure  1.  Inserted  Plate  Column 
Arrangements 
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Tabl 

e  II. 

1  5-Plate, 

Spaced  50  Mm., 

Column 

a 

Pres- 

Av. 

Holdup  per  Plate 

sure 

Height 

Mole 

No.  of 

Plate 

Theo- 

Drop 

of  Liauid  in 

Distillation  Rate6 

Per  Cent 

Plates 

Efficiency 

Actual 

retical 

per  Plate  Downpipe0 

Mol. /min. 

L./hr. 

X 

V 

% 

Ml. 

Ml. 

Mm. 

water 

Mm. 

Carbon  Tetrachloride-Benzene 

0.05 

0.3 

21.2 

56.6 

13.5 

90 

2.1 

2.3 

15 

23 

0.09 

0.5 

20.5 

55.7 

13.3 

89 

2.2 

2.5 

0.14 

0.8 

21.7 

54.9 

12.6 

84 

2.3 

2.7 

23 

0.28 

1.6 

23.0 

53.5 

11.5 

77 

2.5 

3.3 

0.31 

1.8 

26.2 

52.8 

9.9 

(66) 

2.5 

3.8 

18 

25 

0.40 

2.3 

23.5 

52.8 

10.9 

73 

2.6 

3.6 

0.50 

2.9 

24.2 

51.7 

10.2 

68 

2.9 

4.8 

20 

27 

0.55 

3.2 

23.9 

50.9 

9.9 

66 

3.0 

4.6 

0.62 

3.6 

23.7 

50.0 

9.6 

64 

3.1 

4.8 

24 

30 

0.83 

4.8 

23.7 

50.0 

9.6 

64 

2.8 

4.4 

29 

37 

71 

-Heptane-Methyl  Cyclohexane 

0.13 

1.1 

37.2 

59.6 

11.5 

77 

0.21 

1.8 

33.7 

55.6 

11.4 

76 

0.33 

2.9 

35.6 

53.6 

9.3 

62 

0.50 

4.3 

35.6 

52.1 

8.5 

57 

0.58 

5.0 

35.1 

50.7 

8.1 

54 

*  Same  as  column  3a,  Table  I. 

1  Measured  at  bottom  of  column, 
c  Height  above  plate  below. 
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liquid  overflow  entraining  a  vapor  bubble 
into  the  downpipe.  If  the  vapor  bubble 
is  large  enough  the  downpipe  would  be¬ 
come  vapor-locked  and  the  liquid  flow 
stop.  In  some  cases  the  liquid  would  back 
up  in  the  downpipe,  sucking  in  a  vapor 
bubble  and  unsealing  the  plate. 

The  downpipe  with  a  constriction  at  the 
bottom  (Figure  1,  E)  was  found  to  be  stable 
at  all  distillation  rates  and  weir  heights. 
Its  important  characteristic  is  that  it  is 
self-sealing  at  high  .distillation  rates,  the 
limiting  rate  being  determined  by  the  de¬ 
gree  of  constriction.  A  constriction  of  1.5- 
mm.  inside  diameter,  used  here,  self-seals 
at  2  liters  per  hour  when  used  with  n-heptane- 
methyl  cyclohexane  and  has  approximately 
the  same  capacity  as  the  other  type  (Fig¬ 
ure  1,  C).  The  notched  weir  used  with 
this  downpipe  has  better  operating  charac¬ 
teristics  than  the  horizontal  overflow  weirs. 
The  liquid  overflow  does  not  entrain  any 
vapor  bubbles  and  there  is  less  buildup 
of  liquid  on  the  plate  with  increasing  distilla¬ 
tion  rate.  It  also  takes  up  less  space,  making 
it  easier  to  use  with  baffled  spacers. 


Table  III.  48-Plate,  Spaced  26  Mm.,  Column 


Distillation  Mole  Theoretical 

Rate0  Per  Cent  Plates 

Mol. /min.  L./hr.  x  y 

A.  Downpipes  (Figure  1,  O  with  5-Mm.  Weirs 
Carbon  tetrachloride-benzene 


Plate 

Efficiency 

% 


0.19 

1.1 

9.3 

73.3 

32.0 

67 

0.25 

1.4 

10.3 

71.9 

29.8 

62 

0.30 

1.7 

11.3 

70.6 

27.7 

58 

0.39 

2.2 

8.7 

68.9 

27.9 

58 

n- 

-Heptane-methyl  cyclohexane 

0.20 

1.7 

23.3 

67.0 

23.8 

50 

0.25 

2.1 

21.2 

63.4 

23.4 

49 

0.25 

2.1 

22.7 

63.7 

22.4 

47 

B.  Downpipes  (Figure  1,  E)  with  1-  to  2-Mm.  Weirs 
Carbon  tetrachloride-benzene 


Holdup,  1.0  to  1.1  ml.  per  plate. 

Pressure  drop,  13  to  17  mm. 

of  w 

0.11 

0.6 

5.5 

per  plate 

65.0 

27.5 

57 

0.19 

1.1 

6.3 

65.9 

27.3 

57 

0.23 

1.3 

9.5 

70.4 

28.7 

60 

0.28 

1.6 

8.0 

67.2 

27.0 

56 

0.28 

1.6 

8.0 

68.4 

27.8 

58 

0.28 

1.6 

8.5 

68.4 

27.4 

57 

0.30 

1.7 

7.0 

67.2 

27.8 

58 

0.35 

2.0 

6.2 

63.7 

25.9 

54 

0.35 

2.0 

3.8 

62.9 

27.9 

58 

0.35 

2.0 

3.0 

60.0 

27.2 

57 

Holdup, 

n-Heptane-methyl  cyclohexane 

1.0  to  1.2  ml.  per  plate.  Pressure  drop,  9  to  11  mm. 

of  w 

0.10 

0.8 

27.6 

per  plate 

69.6 

22.5 

47 

0.12 

1.0 

27.9 

67.3 

21.0 

44 

0.12 

1.0 

26.8 

67. 1 

21.6 

45 

0.17 

1.4 

28.3 

66.0 

20.0 

42 

0.17 

1.4 

27.9 

67.5 

21.2 

44 

0.25 

2.1 

27.9 

67.5 

21.2 

44 

0.29 

2.4 

26.3 

71.2 

24.3 

51 

0.29 

2.4 

24.7 

68.5 

23.8 

49 

°  Measured  at  bottom  of  column. 


distillation  rates  but  was  unsatisfactory  because  of  its  low 
capacity.  The  downpipe  consisting  of  a  fi-mrn.  tube  with  a  flap 
over  the  bottom  (Figure  1,  C)  was  used  in  all  the  tests  except 
with  column  la  and  the  final  ones  with  the  48-plate  column 
(Table  III,  B).  This  downpipe  requires  that  the  column  be  put 
on  the  line  by  flooding  the  top  of  the  column  and  then  sealing  the 
plates  by  turning  the  still  heal  off  and  on.  It  has  the  disadvan¬ 
tage  that  if  any  plate  unseals  the  column  goes  off  the  line  and  the 
liquid  condensate  floods  out  the  top  of  the  column.  No  trouble 
was  ever  occasioned  by  a  plate  unsealing  when  the  overflow-  weirs 
were  10  mm.  or  higher.  These  downpipes  were  also  satisfactory 
for  smaller  weir  heights  at  high  distillation  rates;  however,  they 
would  invariably  unseal  at  distillation  rates  less  than  1  liter  per 
hour  unless  very  carefully  made.  Unsealing  is  caused  by  the 


EXPERIMENTAL 

The  various  columns  were  tested  using  the  arrangements  shown 
in  Figure  1. 

The  four-  and  three-plate  column,  used  for  the  preliminary 
tests,  was  insulated  by  a  single  glass  heating  jacket.  The  15- 
and  48-plate  columns  were  insulated  by  the  heating  jacket  previ¬ 
ously  described  (6) .  The  48-plate  column  assembly  is  pictured  in 
Figures  3  and  4.  The  heat  was  supplied  by  either  a  bare  wire 
immersion  heater  or  by  an  external  heating  element  wrapped 
about  a  120-mm.  length  of  30-mm.  tubing  sealed  at  an  angle  to 
the  bottom  of  the  still  flask. 

All  tests  w-ere  made  at  total  reflux.  Equilibrium  samples 
were  collected  by  allowing  the  reflux  to  flow  both  over  and  through 
the  top  and  bottom  receivers  (only  the  bottom  receiver  shown  in 
Figure  1,  A).  The  distillation  rate,  in  liters  per  hour  of  liquid  at 
the  boiling  point,  was  determined  at  the  bottom  of  the  column 


Figure  2.  Die  for  Forming  Perforated 
Plates 


The  rate  in  moles  per  minute  was  calculated  using  85,  95,  and  140 
ml.  per  mole  for  benzene-ethylene  dichloride,  carbon  tetra¬ 
chloride-benzene,  and  n-heptane-methyl  cyclohexane,  respec¬ 
tively.  The  operating  holdup  (not  including  nondrainable 
liquid)  was  determined  by  the  method  of  Oldershaw  (7).  The 
pressure  drop  through  the  column  was  measured  by  a  manometer 
tube  attached  to  the  sampling  line  of  the  bottom  receiver. 

The  ethylene  dichloride  and  benzene  used  in  the  preliminary 
tests  (Table  I)  were  unpurified  reagents.  The  benzene,  carbon 
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Figure  3.  48-Plate,  Spaced 
26  Mm.,  Column 


PLATE  EFFICIENCIES 

Plates  with  1-  (column  la)  and  5-mm.  weirs  (column 
2a)  were  found  to  have  plate  efficiencies  of  55  and 
65%  (Table  I),  respectively,  when  tested  in  a  four- 
plate  column  with  benzene-ethylene  dichloride  (rela¬ 
tive  volatility  assumed  to  be  1.08).  Weirs  ol  12 
(column  3a)  and  20  mm.  (column  4a)  gave  the  same 
result,  having  efficiencies  varying  from  85  to  70% 
with  distillation  rates  of  0.1  to  0.7  mole  per  minute. 
The  use  of  baffles  permitting  liquid  flow  around 
both  ends  (columns  2b,  2c,  and  3b)  had  little  effect 
in  the  case  of  the  1-  and  5-mm.  weirs,  and  decreased 
the  efficiency  15  to  5%  in  the  case  of  the  12-mm 
weirs.  However,  around-the-end  baffles  (column  3d) 
increased  the  efficiency  of  the  latter  5  to  15%  over 
most  of  the  distillation  range,  the  efficiency  falling 
off  5%  near  the  flood  point. 

Column  3a  was  checked  in  a  15-plate,  spaced  oO 
mm.,  column  (Table  II)  and  columns  2a  and  la  in  a 
48-plate,  spaced  26  mm.,  column  (Table  III)  with 
carbon  tetrachloride-benzene  and  n-heptane-methyl 
cyclohexane.  The  results  with  carbon  tetra- 


tetrachloride,  and  methyl  cyclohexane  (Tables  II  and  III)  were 
purified  by  fractionation  in  a  25-mm.  column  packed  with  120  cm. 

of  0.3-cm.  (0.125-inch) 
glass  helices.  Light  and 
heavy  ends  were  removed 
until  they  showed  no  differ¬ 
ence  from  the  feed  liquid 
as  determined  by  an  Abbe 
ref ractometer.  The  n- 
heptane  was  “technical” 
grade  obtained  from  the 
Phillips  Petroleum  Com¬ 
pany  and  was  used  without 
further  purification. 

The  compositions  of  the 
various  samples  were  de¬ 
termined  from  their  refrac¬ 
tive  indices  as  measured 
by  an  Abbe  refractometer. 
The  data  of  Rosanoff  and 
Easley  (8)  on  benzene- 
ethylene  dichloride  and 
carbon  tetrachloride-ben¬ 
zene  and  of  Bromiley  and 
Quiggle  ( 1 )  on  n-heptane- 
methyl  cyclohexane  were- 
used  in  calculating  the  mole 
per  cent. 

The  number  of  plates 
were  determined  by 
Fenske’s  equation  (8) : 


n  =  log  {  [(r/)/(l  -  y)\  X 
[(1  -  x)/(x)]\  -5-  log  a 


where  z  =  liquid  leaving  the 
bottom  plate, 
mole  %  more 
volatile 


y  =  liquid  entering 
the  top  plate, 
mole  %  more 
volatile 


a  =  relative  volatil¬ 
ity 


For  the  systems  benzene- 
ethylene  dichloride  and  n- 


Table  IV.  Number  of  Plates  vs.  Composition 

(Referred  to  5  mole  %) 

Carbon  tetrachloride— Benzene 


[a  =  1  +  0.00238  (91.8  -  x)] 


% 

ra 

% 

n 

% 

n 

6 

1.0 

31 

12.9 

56 

22.6 

7 

1.9 

32 

13.2 

57 

23.1 

8 

2.7 

33 

13.6 

58 

23.7 

9 

3.4 

34 

13.9 

59 

24.2 

10 

4.1 

35 

14.3 

60 

24.8 

11 

4.7 

36 

14.6 

61 

25.4 

12 

5.2 

37 

15.0 

62 

26.0 

13 

5.8 

38 

15.3 

63 

26.6 

14 

6.3 

39 

15.7 

64 

27.3 

15 

6.7 

40 

16.0 

65 

28.0 

16 

7.2 

41 

16.4 

66 

28.7 

17 

7 . 6 

42 

16.8 

67 

29.5 

18 

8.1 

43 

17.1 

68 

30.3 

19 

8 . 5 

44 

17.5 

69 

31.2 

20 

8.9 

45 

17.9 

70 

32.1 

21 

9.3 

46 

18.3 

71 

33.0 

22 

9.7 

47 

18.7 

72 

34. 1 

23 

10.0 

48 

19.1 

73 

35 . 2 

24 

10.4 

49 

19.5 

74 

36.4 

25 

10.8 

50 

19.9 

75 

37.7 

26 

11.1 

51 

20.3 

76 

39.1 

27 

11.5 

52 

20.8 

77 

40.7 

28 

11.8 

53 

21.2 

78 

42.4 

29 

12.2 

54 

21.7 

79 

44 . 3 

30 

12.5 

55 

22.2 

80 

46.5 

heptane-methyl  cyclohexane,  average  values  of  a  were  employed 
In  the  case  of  carbon  tetrachloride-benzene,  where  a  varies  with 
composition,  the  theoretical  plates  for  any  composition  referred  to 
5  mole  %  liquid  leaving  the  first  plate  were  calculated  (I able  IV). 
The  theoretical  plates  for  any  run  are  the  difference  m  values 
corresponding  to  the  top  and  bottom  sample  compositions. 

Benzene-ethylene  di chloride  was  arbitrarily  assumed  to  have  a 
relative  volatility  of  1.08  over  the  range  of  compositions  used  in 
the  tests  (55  to  65  mole  %  benzene),  so  as  to  make  the  results 
comparable  to  those  for  carbon  tetrachloride-benzene  The 
value  of  1.083,  recommended  by  Griswold  (4),  was  used  for  the 
relative  volatility  of  n-heptane-methyl  cyclohexane  For  the 
system,  carbon  tetrachloride-benzene,  the  relative  volatility  w  as 
taken  to  be: 

a  =  1  +  0.00238  (91.8  -  x) 


where  x  =  mole  %  carbon  tetrachloride. 

The  average  deviation  of  log  a  calculated  from  the 
above  relationship  is  6%  from  the  logs  of  the  ob¬ 
served  values  of  Rosanoff  and  Easley  (S)  « over  the 
range  of  compositions,  10  to  70  mole  %  carbon 
tpt.raohloride. 


igure  4.  Close-Up  of  48-Plate  Column 

Indicating  spray  height  with  1-  to  2-mm.  weirs 
when  distilling  carbon  tetrachloride-benzene 
at  O  35  mole  per  minute  (table  111,  b> 
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chloride-benzene  were  approximately  10%  higher  than  those  with 
n-heptane-methyl  cyclohexane.  This  may  be  due  to  inaccuracies 
in  the  liquid-vapor  equilibrium  values  used,  though  it  was  ob¬ 
served  that  the  plate  action  was  slightly  frothier  for  the  latter  sys¬ 
tem.  It  appears  that  there  is  no  appreciable  liquid  entrainment 
in  the  vapor  stream,  since  50-  and  25-mm.  plate  spacings  gave  the 
same  efficiencies. 

It  may  be  that  the  increase  of  efficiency  with  increased  weir 
height  is  primarily  a  result  of  the  better  mixing  of  the  liquid  due 
to  its  longer  detention  time  on  the  plate.  Oldershaw  (7)  ob¬ 
tained  efficiencies  comparable  to  column  3d  with  a  liquid  holdup 
similar  to  column  la.  The  method  of  construction  employed  by 
him  would  be  expected  to  give  very  even  plate  action  and  com¬ 
plete  mixing  of  the  liquid,  independent  of  the  holdup.  The  in¬ 
serted  plates,  which  are  not  perfectly  horizontal  and  perhaps  with 
slightly  irregular  perforations,  were  observed  to  be  only  partly  ac¬ 
tive  at  low  distillation  rates.  (At  speeds  less  than  0.2  mole  per 
minute  some  of  the  plates  employing  1-mm.  wiers  would  run 
dry.)  This  should  cause  preferential  liquid  flow  and  “shorting 
out”  of  part  of  the  plate.  The  effect  is  most  pronounced  in  the 
case  of  the  weirs  permitting  flow  around  both  ends  (cf.  columns  3a 
and  3c). 

A  comparison  with  Oldershaw’s  column  4  (7)  shows  that  the 
same  efficiencies  were  obtained  with  column  3d.  His  liquid  holdup 
is  much  better,  being  0.57  to  2.23  ml.  per  theoretical  plate  com¬ 


pared  to  2.7  to  4.5.  The  smaller  holdup  used  in  his  column  en¬ 
ables  him  to  use  a  plate  spacing  of  25  mm.  whereas  column  3d  re¬ 
quires  a  minimum  spacing  of  30  mm.  Column  la  (Table  III,  B) 
has  a  similar  holdup  but  an  H.E.T.P.  approximately  50%. 
greater.  This  could  be  decreased  by  the  use  of  around-the-end 
baffles. 

It  is  estimated  that  approximately  16  man-hours  are  required 
by  the  authors  to  construct  a  complete  48-plate  column  (Table 
III,  B),  exclusive  of  the  time  necessary  for  making  the  die  and 
setting  up  the  equipment  used.  Since  this  latter  factor  may  be  a 
major  handicap  to  their  use,  the  G.  Frederick  Smith  Chemical 
Co.,  Columbus,  Ohio,  has  offered  to  make  these  columns  available 
to  those  interested. 
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A  New  Mercury  Manometer 

JESSE  WERNER 

Process  Development  Department,  General  Aniline  and  Film  Corp.,  Grasselli,  N.  J. 


THE  simplest  and  most  generally  used  type  of  manometer 
for  organic  work  is  the  closed-end  U-type  mercury  manometer. 
However,  it  is  somewhat  difficult  to  fill  (4),  and  an  even  worse 
drawback  is  the  fact  that  it  must  be  cleaned  and  refilled  or  boiled 
out  periodically  because  of  the  accumulation  of  air  bubbles  in  the 
closed  end  (5). 

Rechenberg  (3)  has  devised  a 
more  intricate  manometer  of 
this  type  which  overcomes  these 
difficulties  to  a  large  extent, 
and  Zimmerli  (5,  6)  has  im¬ 
proved  and  modified  it  to  make 
it  more  practical.  This  latter 
manometer  is,  however,  much 
larger  than  the  original  U-type, 
and  consequently  unwieldy. 

In  addition,  excessive  quanti¬ 
ties  of  mercury  are  needed 
for  its  operation.  When  de¬ 
sired  for  use  in  a  barostat 
assembly,  it  cannot  be 
readily  mounted  on  a  small 
control  panel,  and  when 
once  mounted,  it  must  be 
removed  regularly  for  tilt¬ 
ing  in  order  to  remove  air 
bubbles. 

It  was  therefore  considered  desirable  to  design  a  mercury  ma¬ 
nometer  that  would  be  as  simple  and  compact  as  the  closed-end 
U-type  and  at  the  same  time  could  be  rid  of  air  bubbles  without 
emptying  or  dismantling  from  a  stationary  setup.  After  nu¬ 
merous  experiments  with  different  modifications  of  Zimmerli’s 
design  ( 5 ,  6)  a  suitable  model  was  arrived  at.  Its  construction  is 
shown  in  the  accompanying  figure. 


The  manometer  is  ca.  200  mm.  in  height  and  45  mm.  wide. 
The  arms  are  constructed  of  17-mm.  Pyrex  tubing  and  placed  6 
mm.  apart  for  easy  reading  on  an  etched-glass  sliding  scale 
mounted  centrally  behind  them.  The  bottom  is  made  from  2- 
mm.  bore  capillary  tubing.  Height  to  the  bottom  of  stopcock  A 
is  160  mm.  Both  stopcocks  are  2-mm.  bore,  vacuum-tight,  and 
standard  taper.  The  cup  is  18  mm.  high  and  of  13-mm.  tubing. 
For  the  upper  connection,  8-mm.  tubing  is  used.  The  outlet  is. 
made  from  2-mm.  bore  capillary  tubing. 

The  top  of  arm  A  is  uniformly  tapered  down  under  the  cock  to 
prevent  bubbles  from  collecting  anywhere  other  than  at  the  very 
top.  The  plug  of  stopcock  B  is  scored  slightly  on  opposite  ends  to 
prevent  a  mercury  hammer  upon  opening. 

A  small  amount  of  Dow  Corning  Silicone  grease  is  used  to  lu¬ 
bricate  the  stopcocks.  In  order  to  fill  the  manometer,  the  requisite 
amount  of  pure  and  dry  mercury  is  added  to  the  unmounted 
manometer  through  the  cup,  with  both  stopcocks  open.  The 
cup  is  sealed  by  a  stopper,  and  the  manometer  evacuated  by 
means  of  a  good  pump.  By  warming  gently,  or  tilting  to  the 
horizontal  and  tapping,  the  air  bubbles  are  removed.  Stopcock 
A  is  closed  and  a  slow  stream  of  air  allowed  to  bleed  into  side  B . 
The  manometer  is  now  ready  for  use. 

Should  an  air  bubble  develop  at  the  top  of  side  A,  the  manom¬ 
eter  is  attached  to  a  vacuum  pump  with  both  stopcocks  closed. 
When  a  good  vacuum  is  obtained,  stopcock  A  is  slowly  opened 
clockwise  and  then  counterclockwise.  A  small  amount  of  mer¬ 
cury  will  be  pulled  through,  and  all  the  entrapped  gas  removed. 
In  normal  use,  stopcock  A  is  always  kept  closed.  When  enough 
mercury  has  accumulated  above  stopcock  A,  it  is  allowed  to  drop 
into  side  B  after  releasing  the  vacuum  above  the  cocks.  When 
under  atmospheric  pressure,  the  height  of  the  mercury  in  side 
B  should  be  about  20  mm.  above  the  bend.  Normal  precautions- 
(1,2)  should  be  taken  for  high- vacuum  work. 
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Qualitative  Spot  Tests  for  Rubber  Polymers 

H.  P.  BURCHFIELD 

Naugatuck  Chemical  Division  of  the  U.  S.  Rubber  Co.,  Naugatuck,  Conn. 


A  new  color  reaction  is  described  which  serves  to  characterize 
natural  rubber,  GR-S,  and  Perbunan.  Confirmatory  tests  included 
in  the  same  operation  distinguish  between  the  remaining  commer¬ 
cially  important  types.  For  routine  assortment  of  scrap,  spot  tests 
are  proposed,  which  are  carried  out  by  holding  impregnated  filter 
paper  strips  in  the  smoke  emitted  when  the  sample  is  branded  with 
a  metal  rod  heated  to  redness.  Color  changes  indicate  the  nature 
of  the  polymer.  Laboratory  methods  of  value  in  the  examination 
of  special  samples  are  also  discussed. 

TO  ELIMINATE  processing  difficulties  and  ensure  the  pro¬ 
duction  of  standard  natural  and  synthetic  rubber  reclaims, 
the  scrap  used  as  the  raw  material  must  be  carefully  segregated. 
When  mold  markings  are  lost,  or  large  consignments  of  miscel¬ 
laneous  scrap  are  received,  methods  for  distinguishing  between 
the  basic  polymers  are  necessary. 

This  paper  describes  a  new  color  reaction  which  will  serve  to 
characterize  natural  rubber,  GR-S,  and  Perbunan.  Confirmatory 
tests  included  in  the  same  operation  distinguish  between  the  re¬ 
maining  commercially  important  types.  The  procedure  is  suf¬ 
ficiently  rapid  to  be  practical  in  the  testing  of  representative  sam¬ 
ples  from  carload  shipments,  or  for  establishing  the  identity  of 
materials  on  which  indecisive  results  are  obtained  by  less  specific 
methods. 

For  the  routine  assortment  of  scrap,  spot  tests  are  proposed 
which  are  carried  out  by  holding  impregnated  filter  paper  strips 
in  the  smoke  emitted  when  the  sample  is  branded  with  a  metal  rod 
heated  to  redness.  Color  changes  take  place  which  indicate  the 
nature  of  the  polymer.  One  test  distinguishes  between  natural 
rubber  and  GR-S,  a  second  is  specific  for  Butyl,  while  a  third  dif¬ 
ferentiates  Neoprene  GN,  Neoprene  ILS,  and  Perbunan  from 
one  another  and  from  the  hydrocarbon  rubbers.  The  spot  reac¬ 
tions  can  be  carried  out  very  rapidly,  and  are  particularly  useful 
when  large  numbers  of  samples  must  be  examined. 

Several  laboratory  methods  for  the  identification  of  the  com¬ 
ponents  of  mixtures  are  discussed.  While  they  require  too  much 
time  for  routine  testing,  they  are  of  value  in  the  examination  of 
special  samples. 

In  a  previous  publication  (I)  a  procedure  for  the  identification 
of  natural  and  synthetic  rubbers  was  described.  The  test  de¬ 
pends  primarily  on  an  approximate  determination  of  the  pH  and 
specific  gravity  of  the  products  obtained  by  destructive  distilla¬ 
tion  of  the  sample.  Although  the  method  is  adequate  in  many 
applications,  the  inclusion  of  color  tests  to  distinguish  the  hydro¬ 
carbon  rubbers  is  desirable.  The  difference  in  specific  gravity  be¬ 
tween  the  pyrolyzates  obtained  from  natural  rubber  and  GR-S 
is  small,  and  to  reproduce  the  test  requires  carefully  controlled 
experimental  conditions,  and  occasionally  a  preliminary  extrac¬ 
tion  to  remove  organic  compounding  ingredients. 

As  reactions  can  be  carried  out  more  conveniently  on  the  pyroly¬ 
zates  than  on  the  original  materials,  these  were  first  investigated 
in  order  to  obtain  sufficiently  rapid  tests  for  plant  control  work. 
Although  GR-S  contains  aromatic  nuclei,  and  natural  rubber  is 
purely  aliphatic,  this  distinction  does  not  apply  to  their  pyroly¬ 
zates,  for  while  the  primary  decomposition  products  of  rubber  are 
asoprene  and  dipentene,  a  number  of  aromatics  are  produced 
through  secondary  reactions  (7).  A  more  rapid  and  definite  dis¬ 
tinction  can  be  made  by  reacting  the  pyrolyzates  with  materials 
capable  of  condensing  with  compounds  containing  labile  hydro¬ 
gen  atoms.  Of  the  reagents  investigated,  p-dimethylaminobenz- 
aldehyde  was  found  to  be  the  most  effective,  and  yields  colored 


condensation  products  with  the  distillates  from  a  number  of  poly¬ 
mers,  which  are  sufficiently  characteristic  to  serve  as  criteria  of 
identity. 

The  reaction  is  carried  out  by  distilling  the  pyrolyzate  from  a 
rubber  sample  into  a  dilute  alcoholic  hydrochloric  acid  solution 
of  the  aldehyde.  An  initial  color  is  produced  which  is  intensified 
and  altered  by  diluting  the  reaction  mixture  with  methanol 
and  heating  on  a  water  bath.  The  distillate  from  natural  rubber 
produces  an  intense  violet-blue,  and  that  from  GR-S  a  green. 
Perbunan  yields  a  red  product,  neoprene  a  yellow-green,  and 
Butyl  a  blue-green  of  comparatively  low  intensity. 

The  pyrolysis  test  previously  described  ( 1 )  has  been  rear¬ 
ranged  to  include  the  aldehyde  reaction.  The  indicator  and  buffer 
systems  are  completely  revised,  but  accomplish  essentially  the 
same  purpose  as  those  described  in  the  earlier  paper.  The  alka¬ 
linity  test  for  Perbunan  and  the  drop  test  for  natural  rubber  are 
omitted,  as  the  aldehyde  reaction  is  more  specific. 

Solution  I  contains  p-dimethylaminobenzaldehyde  in  dilute  alco¬ 
holic  hydrochloric  acid  to  which  hydroquinone  is  added  as  a 
stabilizer.  The  specific  gravity  is  adjusted  to  0.851  with  ethylene 
glycol,  so  that  Butyl  rubber  can  be  distinguished  from  the  other 
polymers  by  the  low  density  of  its  pyrolysis  product.  Solution 
II  contains  Metanil  yellow  and  bromocresol  green  in  a  citrate 
buffer.  The  initial  color  is  green,  which  changes  to  yellow  in  the 
presence  of  acetic  acid  and  to  red  in  the  presence  of  hydrochloric 
acid.  These  color  changes  are  used  for  distinguishing  polymers 
which  yield  organic  acids  and  those  which  contain  chlorine,  from 
one  another,  and  from  materials  which  give  neutral  or  alkaline 
products  on  decomposition. 

In  place  of  the  previously  specified  heating  element  and  quartz 
tubes,  10  X  75  mm.  soft  glass  test  tubes  heated  with  a  micro¬ 
burner  are  employed.  This  is  made  possible  by  the  fact  that  the 
color  tests  do  not  vary  as  widely  with  respect  to  experimental  con¬ 
ditions  as  the  drop  tests.  The  tubes  are  inexpensive  and  can  be 
discarded  after  one  use.  In  addition  to  the  added  speed  and  con- 


Figure  1.  Absorption  Spectra  of  p-Dimethylamino- 
benzaldehyde  Reaction  Products  with  Polymer 
Pyrolyzates 

I.  Natural  rubber.  II.  50-50  rubber-GR-S  mixture.  III.  GR-S 
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venience  of  making  the  tests,  a  smaller  sample  is  required,  which 
is  often  of  importance  in  the  analysis  of  surface  coatings  or  other 
materials  which  are  available  only  in  small  quantities  and  must  be 
laboriously  removed  from  the  supporting  fabric. 

Table  I  describes  the  reactions  which  occur  when  the  decompo¬ 
sition  products  from  the  compounded  polymers  are  distilled  into 
the  test  solutions.  In  the  case  of  the  aldehyde  reaction,  both  the 
initial  color  and  that  obtained  after  dilution  and  heating  are  listed. 
The  table  includes  the  types  in  most  common  use,  and  two  simple 
mixtures,  in  which  both  components  are  present  in  considerable 
amounts. 

REAGENTS 

Solution  I.  Dissolve  1.0  gram  of  p-dimethylaminobenzalde- 
hyde  and  0.01  gram  of  hydroquinone  in  100  ml.  of  absolute  meth¬ 
anol.  Add  5  ml.  of  concentrated  hydrochloric  acid  and  10  ml.  of 
ethylene  glycol.  Adjust  the  specific  gravity  to  0.851  at  25°/4°  C. 
by  the  addition  of  a  calculated  amount  of  solvent.  The  reagent 
is  stable  over  a  period  of  several  months  when  stored  in  a  brown 
bottle. 

Solution  II.  Dissolve  2.00  grams  of  sodium  citrate,  0.20 
gram  of  citric  acid,  0.03  gram  of  bromocresol  green,  and  0.03 
gram  of  Metanil  yellow  in  500  ml.  of  distilled  water. 

PROCEDURE 

Place  approximately  0.5  gram  of  the  sample  in  a  10  X  75  mm. 
test  tube  and  attach  a  4-mm.  outside  diameter  side  arm  by  means 
of  a  cork.  Suspend  the  tube  by  a  wire  from  a  ring  stand  and  heat 
with  a  microburner  until  the  sample  begins  to  decompose.  Avoid 
localized  overheating  to  prevent  softening  of  the  glass. 

When  vapors  appear  at  the  mouth  of  the  side  arm,  immerse  the 
end  beneath  the  surface  of  1:5  ml.  of  solution  II  contained  in  a  10 
X  75  mm.  tube.  After  it  is  evident  whether  a  color  change  will 
take  place  or  not,  remove  the  tube  and  continue  the  distillation 
into  1.5  ml.  of  solution  I.  Permit  the  tubes  to  cool  for  a  minute  or 
two  and  shake.  Note  the  position  of  the  droplet  in  solution  I  and 
the  color  changes  which  take  place.  Transfer  solution  I  to  a 
16  X  150  mm.  test  tube  and  add  5  ml.  of  absolute  methanol. 
Heat  on  a  water  bath  at  100°  C.  for  3  minutes  and  note  the  color 
which  develops.  A  description  of  the  reactions  obtained  is  given 
in  Table  I. 

If  the  absence  of  other  interfering  polymers  has  been  established 
by  the  above  test  and  the  principal  interest  lies  in  the  detection 
of  natural  rubber  and  GR-S,  repeat  the  experiment  on  a  0.2- 
to  0.3-gram  chloroform-extracted  sample.  Collect  the  total  dis¬ 
tillate  under  1.5  ml.  of  solution  I  and  note  the  color  of  the  solu¬ 
tion  before  and  after  heating.  If  a  blue-green  to  green-blue  color 
is  obtained,  it  is  probable  that  the  sample  is  a  rubber-GR-S  mix¬ 
ture  or  a  natural  rubber  reclaim.  Test  for  the  presence  of  crude 
rubber  by  the  Weber  method  (I),  and  if  necessary  confirm  the 
presence  of  GR-S  by  the  coupling  procedure  ( 8 ). 


Table  1. 

Pyrolysis  Tests 

Solution  I 

.  Solution  II, 

Material 

Initial  color 

Color  after  heating 

Color 

Blank 

Pale  yellow 

Pale  yellow 

Green 

Polyvinyl  chloride 

Yellow 

Yellow 

Red 

Neoprene  GN 

Yellow 

Pale  yellow  green 

Red 

Neoprene  ILS, 

neoprene-Per- 

bunan  mixtures 

Orange  red 

Red 

Yellow  to  red 

Perbunan 

Orange  red 

Red 

Green 

GR-S 

Yellow  green 

Green 

Green 

50  GR-S-50  rubber 

Olive  green 

Green  blue 

Green 

Natural  rubber 

Brown 

Violet  blue 

Green 

Butyl 

Yellow  (droplet  floats)  Pale  blue  green 

Green 

Polyvinyl  acetate 

Yellow 

Pale  yellow  green 

Yellow 

% 

p-Dimethylaminobenzaldehyde  has  been  used  for  the  colori¬ 
metric  estimation  of  pyrrole  (4),  indole  (9),  menthol  (6),  and  a 
number  of  biological  materials.  The  reaction  with  pyrrole  de¬ 
pends  upon  the  formation  of  a  pyrrolenine  compound  which  gives 
a  deep  red  color  in  hydrochloric  acid  solution  (3,10).  No  attempt 
has  been  made  to  isolate  those  compounds  in  the  pyrolyzates  of 
the  elastomers  which  give  rise  to  the  colored  products.  However, 
it  is  evident  that  the  reaction  depends  upon  the  production  of 


compounds  containing  labile  hydrogen  atoms  which  react  with 
the  aldehyde  with  the  elimination  of  water  to  form  colored  salts  of 
the  type 

(CH3)2  CD 

« 

On  the  addition  of  alkali  the  solutions  become  yellow,  but  on 
acidification  the  initial  colors  reappear.  On  prolonged  standing 
fading  takes  place.  This  is  particularly.noticeable  in  the  case  of 
natural  rubber  where  the  solution  changes  from  violet-blue  to 
violet  during  the  course  of  a  few  hours. 


Figure  2.  Absorption  Spectra  of  p-DimethylaminO' 
benzaldehyde  Reaction  Products  with  Poiymer 
Pyrolyzates 

I.  Perbunan.  II.  Neoprene 


Absorption  curves  of  the  reaction  products  of  the  pyrolyzates 
obtained  from  vulcanized  chloroform-extracted  samples  are  shown 
in  Figures  1  and  2.  The  optical  measurements  were  made  with 
a  Beckman  spectrophotometer,  and  the  specific  extinction  coef¬ 
ficients  calculated  from  the  weights  of  the  distillates  and  the  dilu¬ 
tions  employed.  The  curve  for  natural  rubber  exhibits  a  maxi¬ 
mum  at  550  m/i,  and  that  for  GR-S  a  maximum  of  approximately 
one-half  the  intensity  at  620  myu.  Composite  curves  are  obtained 
on  mixtures  of  the  two  polymers,  the  shape  of  the  curve  depend¬ 
ing  upon  the  percentage  composition.  The  reaction  product  ob¬ 
tained  from  Perbunan  has  an  intense  band  at  540  m/n,  while  that 
from  neoprene  absorbs  weakly  at  540  and  635  mju.  The  curves  are 
not  quantitatively  reproducible,  but  the  differences  in  absorption 
between  the  products  obtained  from  the  various  polymers  are  suf¬ 
ficient  to  allow  for  accurate  identification  over  a  wide  range  of 
compounding. 

The  wave  lengths  at  which  maximum  absorption  takes  place 
are  independent  of  the  state  of  cure,  although  in  general  more  in¬ 
tense  colors  are  obtained  from  vulcanizates  than  from  crude  poly¬ 
mers.  A  series  of  natural  rubber  samples  in  which  the  sulfur  con¬ 
tent  was  varied  from  1.5  to  12  parts  produced  colors  differing 
only  in  intensity  from  that  obtained  from  pale  crepe. 

By  making  absorption  measurements  at  550  and  620  m^  on  the 
qualitative  test  solutions  obtained  in  the  analysis  of  natural  rub¬ 
ber,  GR-S,  and  Perbunan,  density  ratio  values  characteristic  of 
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Table  II.  Density  Ratio  Values  of  Qualitative  Test  Solutions 


Composition 

Crude  Perbunan 
Compounded  Perbunan 
Reclaimed  Perbunan 
Pale  crepe 

Compounded  rubber 
Carcass  reclaim 
Grade  F  camelback 
50  rubber— 50  GR-S 
Grade  C  camelback 
Crude  GR-S 
Compounded  GR-S 
Grade  A  camelback 
GR-S  reclaim 


R  (Extracted) 

3.18 

2.56 

1.42 

1.23 

1.11 

1.14 

0.90 

0.74 

0.73 

0.82 


R  (Unextracted) 

3.21 

2.83 

2.04 

1.46 

1.43 

1.30 

1.10 

1.10 

0.89 

0.74 

0.72 

0.73 

0.75 


the  polymers  can  be  obtained.  These  serve  as  numerical  indexes 
of  the  reproducibility  of  the  test  and  can  be  used  in  the  evaluation 
of  interfering  substances.  If  the  measurements  are  made  on  solu¬ 
tions  of  the  same  concentration  at  both  wave  lengths,  the  ratio  of 
the  optical  densities  will  be  independent  of  absolute  concentra¬ 
tion  if  the  validity  of  the  Beer-Lambert  law  is  assumed. 

( log  -y)  550 

R  =  7 - T\ - 

(log  y°J  620 

Measurements  made  on  a  series  of  diluted  test  solutions  with 
a  Lumetron  colorimeter  using  monochromatic  filters  of  30  npi  band 
width  indicate  that  the  density  ratio  varies  from  0.7  to  0.8  for 
GR-S,  from  1.3  to  1.6  for  natural  rubber,  and  from  2.8  to  3.3  for 
Perbunan.  Intermediate  values  are  obtained  on  mixtures  and 
reclaims. 

Typical  ratios  obtained  on  extracted  and  unextracted  samples 
are  shown  in  Table  II.  Each  value  represents  the  average  of  four 
independent  determinations  on  the  same  sample.  The  standard 
deviations  are  0.11  for  Perbunan,  0.04  for  natural  rubber,  and 
0.02  for  GR-S.  While  chloroform  extraction  may  result  in  a 
change  in  ratio,  the  change  is  usually  not  great  enough  to  alter 
the  color  of  the  solution. 

It  can  be  shown  that  the  density  ratio  of  the  solution  obtained 
from  a  binary  mixture  can  be  calculated  from  the  percentage 
composition  and  the  relative  extinctions  of  the  components,  pro¬ 
viding  it  is  assumed  that  the  reactive  constituents  are  produced 
in  the  same  proportions  in  which  the  polymers  occur  in  the  sam¬ 
ple.  Where  K\  and  L\  are  the  relative  specific  extinction  coef¬ 
ficients  of  natural  rubber  and  GR-S,  and  P  is  the  per  cent  GR-S, 
this  equation  takes  the  following  form: 

.,  _  100  Kao  4-  P  (Z.550  —  K 55Q ) 

100  Ke 20  +  P  ( 1-620  —  K& o) 

If  a  value  of  unity  is  arbitrarily  assigned  to  iGso,  the  remaining 
constants  can  be  evaluated  from  the  density  ratios  of  solutions 
prepared  from  the  pure  materials  and  a  mixture  of  known  com¬ 
position.  While  the  reproducibility  of  the  test  does  not  justify  an 
exact  method  of  calculation,  the  relationship  is  useful  in  estab¬ 
lishing  the  range  of  applicability  of  the  color  reaction.  If  a  den¬ 
sity  ratio  difference  of  0.2  is  the  smallest  which  can  be  visually  ob¬ 
served,  it  can  be  calculated  that  the  limit  of  detection  of  GR-S  in 
the  presence  of  natural  rubber  is  about  35%,  while  the  limit  of  de¬ 
tection  of  natural  rubber  in  the  presence  of  GR-S  is  about  20%. 


SPOT  TESTS 

When  time  is  not  an  important  factor,  the  pyrolysis  procedure 
described  above  is  recommended.  However,  when  large  numbers 
of  samples  must  be  tested,  the  use  of  spot  methods  has  been 


found  convenient.  The  general  procedure  is  to  dip  a  prepared  in¬ 
dicator  paper  into  a  wetting  solution  and  hold  it  in  the  smoke 
which  is  emitted  when  the  sample  is  branded  with  a  metal  rod 
heated  to  redness.  A  characteristic  color  reaction  is  obtained  in  4 
to  6  seconds. 


For  the  detection  of  neoprene  and  Perbunan,  the  papers  are  im¬ 
pregnated  with  Metanil  yellow  and  cupric  acetate  and  dipped  in 
an  alcoholic  solution  of  benzidine  dihydrochloride  prior  to  use. 
If  the  polymer  contains  chlorine,  a  red  color  is  produced  by  the 
action  of  the  liberated  hydrochloric  acid  on  the  acid-base  indi¬ 
cator.  This  will  ordinarily  serve  as  a  test  for  neoprene  or  poly¬ 
vinyl  chloride,  although  other  chlorine-containing  polymers  give 
similar  results.  If  the  sample  is  Perbunan  or  a  polymer  contain¬ 
ing  nitrile  nitrogen,  a  green  color  appears  due  to  the  pres¬ 
ence  of  cyanide  radicals  in  the  decomposition  products.  This 
reaction,  which  takes  place  in  the  presence  of  benzidine  and 
copper  acetate,  has  been  widely  used  for  the  detection  of  hydro¬ 
cyanic  acid  in  air  (5).  The  color  is  normally  blue  but  is  modified 
to  a  green  by  the  color  of  the  acid-base  indicator.  If  substantial 
amounts  of  both  chlorine  and  nitrile  nitrogen  are  present  as  in 
Neoprene  ILS,  and  neoprene-Perbunan  mixtures,  both  colors  ap¬ 
pear  in  bands  on  the  filter  paper  strip,  the  green  color  appearing 
on  the  wet  zone,  and  the  red  color  most  prominently  on  the  dry 
portion  of  the  paper.  In  the  presence  of  the  hydrocarbon  rubbers 
no  color  changes  are  observed,  although  the  paper  may  darken 
on  drying.  The  presence  of  GR-S  or  natural  rubber  in  admixture 
with  either  of  these  types  does  not  alter  the  results  obtained  by  the 
test,  but  the  appearance  of  the  colors  may  be  delayed  by  dilution 
of  the  active  constituents. 

Butyl  rubber  is  distinguished  from  natural  rubber  and  GR-S 
by  the  use  of  blank  filter  paper  strips  which  are  immersed  in  a 
solution  of  mercuric  sulfate  in  dilute  sulfuric  acid  prior  to  making 
the  tests.  The  pyrolyzate  obtained  from  Butyl  yields  a  brilliant 
yellow  color,  while  rubber  and  GR-S  produce  dull  browns.  The 
test  depends  on  the  presence  of  isobutylene  in  the  decomposition 
products,  which  reacts  with  mercuric  sulfate  to  form  a  complex 
with  empirical  formula  corresponding  to  C4H8(HgS04.Hg0)3  (£). 

The  most  useful  test  in  the  series  is  that  which  distinguishes 
natural  rubber  from  GR-S.  The  materials  required  are  prepared 
indicator  paper  strips  impregnated  with  p-dimethylaminobenzal- 
dehyde,  and  a  30%  solution  of  trichloroacetic  acid  in  isopropanol. 
A  strip  of  indicator  paper  is  dipped  in  the  acid  solution  and  held 
in  the  smoke  emitted  when  a  hot  rod  is  held  against  the  surface  of 
the  polymer.  Rubber  produces  an  intense  blue  coloration  and 
GR-S  a"  green.  Mixtures  containing  equal  parts  of  the  two  sub¬ 
stances  test  as  GR-S,  although  the  green  may  be  modified  to  a 
blue-green.  Samples  containing  25  parts  and  less  of  GR-S  test 
as  natural  rubber.  The  principal  difficulty  is  caused  by  indecision 
in  the  classification  of  mixtures.  The  test  is  of  value  only  for 
distinguishing  GR-S  from  natural  rubber,  as  the  other  polymers 
also  give  color  reactions.  While  by  careful  observation,  it  is  pos¬ 
sible  to  distinguish  some  of  the  other  types,  more  specific  tests 
are  preferred.  Butyl  produces  a  blackish  coloration  which  fades 
to  a  pale  lavender  on  standing  3  to  4  minutes.  Perbunan  produces 
a  green  color,  but  if  the  paper  is  held  close  to  the  heating  unit  until 
dry  a  reddish  brown  spot  appears.  Neoprene  gives  a  reaction 
almost  indistinguishable  from  that  of  GR-S.  Although  the  re¬ 
action  is  not  specific,  it  may  be  used  without  supporting  tests  in 
many  instances  where  it  is  only  necessary  to  distinguish  between 
natural  rubber  and  GR-S. 

A  summary  of  the  reactions  obtainable  by  use  of  the  spot  tests 
is  shown  in  Table  III.  If  the  origin  and  most  probably  composi¬ 
tion  of  the  sample  are  unknown,  the  pyrolysis  procedure  is  recom¬ 
mended.  However,  if  a  distinction  must  be  made  between  a 
limited  number  of  possibilities,  the  spot  tests  offer  definite  advan¬ 
tages  with  regard  to  economy  of  time  and  ease  of  manipulation. 


APPARATUS 

The  tests  can  be  conveniently  carried  out  by  use  of  a  triangular 
file  heated  to  redness  in  a  Bunsen  flame.  When  large  numbers  of 
samples  are  to  be  tested  or  where  the  presence  of  an  open  flame  is 
undesirable,  an  electrically  heated  nickel-chromium  knife  can  be 
employed.  Units  adaptable  to  the  purpose  are  available  from  the 
Sta-Warm  Electric  Company,  Ravenna,  Ohio.  The  blade  should 
be  curved  so  that  it  can  be  easily  applied  to  the  surface  of  the 
rubber  and  the  end  filed  to  a  width  of  about  1  CI“.  to 
decrease  the  heating  area  and  increase  the  temperature.  Vi  hen 
operated  at  a  dull  red  heat,  a  test  can  be  obtained  in  4  to  6  sec- 
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onds.  The  organic  residue  burns  off  between  applications,  and 
the  inorganic  deposit  which  slowly  accumulates  can  be  scraped 
off  with  a  file. 

INDICATOR  PAPERS  AND  REAGENTS 

Neoprene-Perbunan  Test.  Dissolve  2.0  grams  of  cupric 
acetate  and  0.25  gram  of  Metanil  yellow  in  500  ml.  of  methanol. 
Impregnate  filter  paper  squares  with  the  solution,  dry,  and  cut 
into  strips.  Dissolve  2.5  grams  of  benzidine  dihydrochloride  in  a 
mixture  of  500  ml.  of  methanol  and  500  ml.  of  water.  Add  10  ml. 
of  a  0.1%  aqueous  solution  of  hydroquinone.  Store  in  a  brown 
bottle.  A  precipitate  forms  on  standing,  but  if  the  solution  is 
protected  from  light  and  air,  it  can  be  used  for  several  months. 

Butyl  Test.  Use  blank  filter  paper  strips.  To  prepare  the 
wetting  solution,  add  5.0  grams  of  yellow  mercuric  oxide  to  a  mix¬ 
ture  of  15  ml.  of  concentrated  sulfuric  acid  and  80  ml.  of  water. 
Bring  to  a  boil  and  continue  heating  until  the  oxide  dissolves. 
Cool  and  make  the  volume  up  to  100  ml.  with  water. 

Rubber-GR-S  Test.  Impregnate  filter  paper  squares  with  a 
solution  of  3  grams  of  p-dimethylaminobenzaldehyde  and  0.05 
gram  of  hydroquinone  in  100  ml.  of  ethyl  ether.  Dry  and  cut 
into  strips.  Papers  stored  in  brown  glass  bottles  show  no  dis¬ 
coloration  and  retain  their  activity  after  several  weeks’  storage. 
On  prolonged  storage  under  adverse  conditions,  the  aldehyde 
oxidizes  and  the  tests  become  progressively  less  distinct.  To  pre¬ 
pare  the  wetting  solution,  dissolve  30  grams  of  trichloroacetic 
acid  in  isopropanol  and  make  the  volume  up  to  100  ml.  This 
solution  must  be  used  with- care,  and  contact  with  the  skin  should 
be  avoided. 


Neoprene  GN 

Table  III.  Spot  Tests 

Neoprene- 

Perbunan 

Test 

Red 

Butyl 

Test 

Rubber- 
GR-S  Test 

Perbunan 

Green 

Neoprene  ILS, 

neoprene-Perbunan  mixtures  Red/green 

Butyl 

Blank 

Yellow 

Natural  rubber 

Blank 

Brown 

Blue 

GR-S 

Blank 

Brown 

Green 

PROCEDURE 

Wet  a  1-cm.  section  of  the  test  paper  with  the  correspond¬ 
ing  impregnating  solution  and  hold  it  in  a  parallel  position 
about  5  mm.  from  the  surface  of  the  heating  element  which 
is  pressed  against  the  rubber  sample.  If  the  evolution  of 
vapor  is  sufficiently  rapid,  an  adequate  test  is  obtained  in  4  to  6 
seconds.  In  testing  for  natural  rubber  and  GR-S,  it  is  desirable 
to  continue  the  test  until  the  color  which  is  formed  can  be  seen 
through  the  back  of  the  paper.  The  hue  should  be  judged  from 
the  appearance  of  the  paper  facing  the  heating  element.  Charring 
the  paper  and  overdeveloping  the  color  should  be  avoided. 

The  reactions  which  are  obtained  from  the  various  polymers, 
using  the  three  types  of  indicator  papers,  are  summarized  in 
Table  III. 

DETECTION  OF  MIXTURES 

A  general  procedure  for  the  detection  of  mixtures  requires  more 
specific  and  detailed  methods  than  those  described.  However,  by 
careful  observation  of  the  results  obtained  by  the  pyrolysis  pro¬ 
cedure,  it  is  frequently  possible  to  detect  deviations  from  normal 
behavior  which  will  indicate  the  need  for  a  more  complete  analy¬ 
sis. 

Compounds  containing  natural  rubber  and  GR-S  present  in 
approximately  equal  amounts  yield  green-blue  reaction  products 
which  are  readily  distinguishable  from  those  of  the  pure  materials. 
The  test  is  not  applicable  to  compounds  in  which  the  minor  con¬ 
stituent  comprises  less  than  25  to  35%  of  the  total  polymer,  as  the 
colors  are  difficult  to  match  and  may  be  simulated  by  the  pres¬ 
ence  of  other  materials.  Natural  rubber  reclaims  produce  green- 
blue  to  blue  colors  which  differ  in  appearance  from  those  obtained 
on  compounds  based  on  crude  rubber  and  may  suggest  the  pres¬ 
ence  of  GR-S  as  the  minor  constituents  of  a  mixture.  In  such 
cases  more  specific  tests  must  be  applied  to  make  identification 
certain. 


Experiments  on  samples  of  known  composition  indicate  that 
the  Weber  test  ( 1 )  can  be  used  to  detect  natural  rubber  in  the 
presence  of  GR-S,  neoprene,  and  Perbunan.  Positive  reactions 
are  obtained  from  natural  rubber  (Hevea),  guayule,  and  balata. 
A  violet  color  of  low  intensity  is  obtained  on  testing  polyvinyl 
acetate.  Natural  rubber  reclaim  gives  a  red-violet  color  which  is 
distinguishable  from  the  opaque  blue-violet  obtained  on  testing 
samples  containing  crude  rubber. 

A  qualitative  test  for  GR-S  in  the  presence  of  natural  rubber  is 
described  in  a  recent  publication  (8).  .The  extracted  sample  is 
nitrated,  reduced,  and  diazotized.  The  formation  of  a  crimson 
azo  dyestuff  on  coupling  with  /3-naphthol  indicates  the  presence  of 
GR-S,  or  more  generally,  the  presence  of  a  polymer  containing 
aromatic  groups.  The  method  is  of  value  whenever  a  laboratory 
procedure  can  be  used  and  will  serve  to  establish  the  presence  of 
GR-S  in  small  amounts. 

Perbunan  is  readily  detected  in  the  presence  of  neoprene  by  the 
reaction  with  p-dimethylaminobenzaldehyde,  as  the  intense  red 
color  masks  the  yellow-green  of  the  neoprene  (Figure  2).  On 
testing  Neoprene  ILS  which  contains  both  nitrile  nitrogen  and 
chlorine,  positive  tests  for  both  groups  are  obtained  in  the  initial 
pyrolysis  procedure.  The  acid-base  indicator  confirms  the  pres¬ 
ence  of  an  acidic  material  in  the  decomposition  products,  while  the 
aldehyde  reaction  indicates  the  presence  of  a  nitrogenous  poly¬ 
mer.  Perbunan  can  also  be  satisfactorily  detected  in  mixtures 
by  the  copper  acetate-benzidine  reaction  or  by  the  Prussian  blue 
test  (I). 

The  presence  of  neoprene  as  a  minor  constituent  in  mixtures  is 
established  by  use  of  the  Beilstein  test  when  the  low  concentra¬ 
tion  and  the  presence  of  alkaline  compounding  ingredients  ob¬ 
scure  the  normal  acid  reaction. 

A  copper  wire  is  heated  to  redness  and  touched  to  the  sample. 
If,  on  reheating,  a  brilliant  green  color  is  imparted  to  the  flame, 
a  compound  containing  chlorine  is  present.  Polyvinyl  chloride 
and  other  nonvulcanizable  polymers  can  be  distinguished  from 
neoprene  by  extracting  the  sample  with  acetone  and  examining  the 
residue  obtained  on  evaporating  the  solvent  for  the  presence 
of  a  resinous  material  of  high  chlorine  content.  Neoprene  is  not 
removed  from  vulcanized  compounds  by  acetone  extraction.  This 
procedure  is  of  general  value  for  distinguishing  curing  from  non¬ 
curing  polymers  when  present  in  mixtures.  The  choice  of  the 
solvent  and  the  method  of  isolating  the  extractible  polymer  from 
the  residue  must  be  decided  in  each  case  from  a  knowledge  of  the 
properties  of  both  constituents. 

DISCUSSION 

The  pyrolysis  procedure  has  been  applied  to  compounds  pre¬ 
pared  in  the  laboratory,  and  to  a  large  number  of  commercial 
samples,  including  most  of  the  standard  reclaims.  The  color  re¬ 
actions  give  more  consistent  results  than  the  specific  gravity  tests 
(1)  on  unextracted  samples,  and  vary  less  widely  with  experi¬ 
mental  conditions.  When  circumstances  permit,  it  is  preferable 
to  make  the  tests  on  extracted  samples,  but  in  many  cases  this 
step  is  unnecessary.  The  density  ratio  values  (Table  II)  illus¬ 
trate  the  normal  variations  between  extracted  and  unextracted 
samples.  In  most  cases  the  differences  are  too  small  to  be  de¬ 
tected  visually,  and  are  less  than  those  obtained  on  testing  ex¬ 
tracted  samples  containing  the  same  polymer  taken  from  different 
compounds. 

The  best  evidence  for  the  reliability  of  the  test  is  provided  by 
the  successful  testing  of  reclaimed  rubbers,  for  they  may  be  re¬ 
garded  as  composite  samples  of  the  different  types  of  compounds 
used  within  a  commodity  group.  In  addition,  they  are  subjected 
to  a  devulcanizing  process  in  which  considerable  amounts  of  soft¬ 
ening  agents  are  added,  and  which  is  accompanied  by  partial  deg¬ 
radation  of  the  original  polymer. 

A  number  of  materials  which  are  commonly  found  in  rubber 
products  yield  pyrolyzates  which  react  with  p-dimethylamino- 
benzaldehyde  (Table  IV).  While  color  reactions  are  obtained 
on  many  of  them,  in  general  the  intensities  are  of  the  same  order 
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Table  IV.  Color  Reactions  of  Nonrubber  Materials 


Material 

Solvenol 
Mineral  rubber 
BRT  7 
7  asphalt 
Pine  tar 
Cumar  EX 
Polyvinyl  alcohol 
Cellulose 


Initial  Test 

No  reaction 

Yellow 

Orange 

Pale  yellow  green 
Y  ellow 
No  reaction 
Yellow  green 
No  reaction 


After  Dilution 
and  Heating 

No  reaction 
Pale  green  yellow 
Red 

Pale  yellow  green 

Green 

Green 

Pale  yellow  green 
Pale  orange 


MILLIMICRONS 


Fisure  3.  Ultraviolet  Absorption  Spectra  of  Pyroly- 
zates  from  Uncompounded  Polymers  in  Iso-octane 

<  I.  GR-S.  II.  Natural  rubber 


if  the  sample  contains  a  large  amount  of  cellulose  which  cannot  be 
separated  mechanically  before  making  the  test,  the  spot  reaction 
should  be  used,  as  the  aqueous  products  which  are  formed  on  de¬ 
composition  of  the  cellulose  retard  the  development  of  the  color  in 
alcohol  solution. 

The  tests  described  provide  a  rapid,  accurate  method  for  the 
identification  of  the  principal  polymer  types  likely  to  be  present 
in  commercial  rubber  samples.  When  mixtures  containing  con¬ 
siderable  amounts  of  both  components  are  encountered,  tests  in¬ 
termediate  between  those  of  the  pure  materials  are  usually  ob¬ 
tained.  In  some  instances  a  positive  identification  can  be  made 
on  the  basis  of  these  tests  alone;  in  others,  more  detailed  methods 
of  analysis  must  be  employed. 

In  the  foregoing  discussion  the  reactions  of  the  polymers  have 
been  classified  under  specific  types  which  represent  the  most  com¬ 
monly  used  members  of  groups  of  closely  related  materials — for 
instance,  the  reactions  which  serve  to  classify  compounds  based 
on  pale  crepe  are  equally  applicable  to  guayule  and  balata.  Most 
of  these  reactions,  while  useful  for  distinguishing  polymers  and 
groups  of  polymers  from  one  another,  provide  insufficient  evidence 
for  a  fundamental  proof  of  structure. 

It  is  possible  that  the  pyrolysis  technique  can  be  used  for  the 
evaluation  of  polymers  by  the  application  of  quantitative  meth¬ 
ods  to  the  analysis  of  the  distillates.  The  radicals  formed  on 
thermal  decomposition  should  give  rise  to  compounds,  the  nature 
of  which  are  predetermined  by  the  structure  and  composition  of 
the  original  materials.  An  application  is  illustrated  in  Figure  3, 
in  which  the  ultraviolet  absorption  spectra  of  the  pyrolyzates 
from  uncompounded  natural  rubber  and  GR-S  are  shown.  The 
appearance  of  the  absorption  bands  clearly  reflects  a  difference 
in  composition  between  the  two  substances.  As  the  products 
formed  in  pyrolytic  reactions  usually  vary  with  experimental 
conditions,  it  is  evident  that  these  factors  must  be  carefully  con¬ 
trolled  before  useful  data  can  be  obtained.  While  the  optical  and 
chemical  properties  of  the  pyrolysis  products  are  of  potential 
analytical  interest,  the  application  of  quantitative  methods  is  be¬ 
yond  the  scope  of  this  discussion. 

ACKNOWLEDGMENT 


or  less  than  those.obtained  from  the  polymers,  and  as  in  the  case 
of  natural  rubber-GR-S  mixtures,  a  considerable  amount  of  the 
minor  constituent  must  be  present  before  a  noticeable  alteration 
in  hue  is  obtained. 

The  pyrolysis  procedure  is  preferred  for  general  testing  pur¬ 
poses.  However,  the  spot  reactions  are  more  convenient  when  it 
is  necessary  to  test  a  large  number  of  samples  to  confirm  the  pres¬ 
ence  of  a  particular  polymer  type,  such  as  in  the  segregation  of 
mixed  natural  rubber-GR-S  consignments,  or  in  the  separation  of 
Perbunan  and  Neoprene  ILS  scrap  from  neoprene  prior  to  reclaim¬ 
ing.  In  some  cases  it  is  convenient  to  use  the  spot  tests  for  Butyl 
and  neoprene  in  conjunction  with  the  pyrolysis  procedure,  and 
eliminate  the  pH  tests  made  with  solution  II.  The  spot  test  for 
natural  rubber  and  GR-S  gives  well  defined  results  on  compounds 
prepared  from  pure  gum  stocks,  and  can  be  used  in  most  applica¬ 
tions.  When  the  sample  is  based  on  a  mixture  of  the  two  poly¬ 
mers,  the  intermediate  color  which  is  obtained  is  more  easily  dis¬ 
tinguished  when  the  reaction  is  carried  out  in  solution.  However, 
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Sintered-Glass  Valves 

Application  to  Spectrometer  Calibration  and  to  Preparation 

of  Known  Mixtures 

R.  C.  TAYLOR  and  W.  S.  YOUNG 
The  Atlantic  Refining  Co.,  Philadelphia,  Pa. 


A  method  which  utilizes  sintered  disk  valves  is  presented  for  both  the 
storage  and  use  of  liquid  and  gaseous  calibrating  compounds  and 
mixtures.  A  technique  also  involving  a  sintered-disk  valve  is  pre¬ 
sented  for  preparing  small  quantities  of  liquid  mixtures  having  ac¬ 
curately  known  compositions.  These  methods  should  find  consider¬ 
able  application  in  the  calibration  and  testing  in  infrared  and  mass 
spectrometers,  particularly  where  calibrating  compounds  are  available 
only  in  very  small  quantities. 

THE  recent  application  of  mass  and  infrared  spectrometers 
to  the  analysis  of  complex  hydrocarbon  mixtures  necessitates 
the  repeated  use  of  large  numbers  of  highly  purified  compounds 
for  calibrating  and  testing  purposes.  At  present  the  methods 
in  use  for  handling  such  compounds,  which  in  many  cases  are 
available  only  in  small  quantities,  are  only  partially  adequate 
and  often  excessively  time-consuming.  There  appears  to  be  a 
need  for  methods  of  storing  and  using  these  calibrating  compounds, 
and  for  preparing,  storing,  and  using  known  mixtures  of  them 
which  would  be  more  rapid  than  existing  methods,  would  handle 
liquids  as  well  as  gases  in  a  uniform  manner,  would  be  free  from 
the  disadvantages  common  to  the  use  of  stopcocks,  and  would 
tend  to  conserve  the  limited  supplies  of  pure  hydrocarbons  avail¬ 
able. 

Principle  of  Method.  The  usefulness  of  the  sintered-glass 
disk  valve  for  introducing  calibrating  compounds  into  a  mass 
spectrometer  was  originally  proposed  and  successfully  demon¬ 
strated  by  Hunter  (S).  The  extension  and  development  of  this 
technique  have  proved  highly  successful,  and  it  is  felt  that  the 
principle  may  be  applied  equally  well  to  infrared  spectrometers. 
The  control  of  gas  flow  by  means  of  such  sintered-glass  disks  has 
been  proposed  several  times,  particularly  by  Pyrtz  (2),  Stock 
(6,  7),  and  Prausnitz  (5).  The  disks  used  are  porous  to  gases 
and  liquids  in  general,  but  nonporous  to  mercury.  Material  may 
be  transferred  simply  by  touching  together  two  sintered  disks, 
thereby  displacing  the  mercury  seal  covering  them  and  allowing 
flow  to  take  place  through  the  disks. 


APPARATUS  AND  PROCEDURE 

Introduction  System  and  Storage  Vessels.  The  appa¬ 
ratus  shown  in  Figure  1  consists  of  three  types  of  storage  vessels, 
A,  B ,  and  C,  and  two  alternate  types  of  introduction  systems,  D 
and  E.  A  may  be  used  to  store  both  liquids  and  gases  for  mass 
spectrometer  calibration,  where  the  amount  of  material  needed 
is  relatively  small.  For  infrared  calibration,  larger  vessels  such 
as  B  or  C  may  be  more  suitable  for  storing  gaseous  compounds 
or  mixtures.  Commercial  10-mm.  sintered  disks  of  “F”  poros¬ 
ity  are  used  in  all  these  vessels.  The  disks  are  covered  with 
mercury  to  a  depth  of  about  10  mm.  to  prevent  the  entrance  of 
air  into  the  vessels.  Either  D  or  E  may  be  used  in  conjunction 
with  the  storage  vessels  for  introducing  material  into  the  spec¬ 
trometer  inlet  system. 

Inlet  system  D  consists  of  a  small  sintered  disk,  a ,  sealed  into 
tubing  of  3-mm.  outside  diameter.  The  end  of  a  is  sealed  from 
the  atmosphere  by  mercury  contained  in  the  removable  cup,  b. 
Handle  c  is  provided  for  moving  b  after  the  storage  vessel  is  in 
place  around  a.  A  piece  of  spring  wire,  d,  wound  in  a  helix  keeps 
c  fixed  firmly  in  place.  Guides  e  make  for  easy  manipulation  of 
b,  when  immersed  in  the  mercury  seal,  and  cover  /  protects  the 
assembly  when  not  in  use.  This  system  allows  advantage  to  be 
taken  of  the  simpler  construction  of  gas  vessel  B,  but  suffers  the 


disadvantage  of  requiring  somewhat  careful  manipulation.  Sys¬ 
tem  E  is  considerably  more  simple  in  construction  and  use  than 
D,  and  is  preferred  on  that  account. 

The  method  of  introducing  calibrating  compounds  and  known 
gaseous  mixtures  into  the  spectrometer  with  the  apparatus  de¬ 
scribed  consists  of  the  following  steps: 

With  system  D  either  A  or  B  is  brought  to  inlet  device  D  and 
held  so  that  the  mercury  seal  of  the  storage  vessel  covers  b.  b 
is  lowered  by  means  of  c  until  its  top  clears  a,  and  is  then  swung 
to  one  side  and  raised  so  that  the  bottom  of  b  is  somewhat  above  a. 
A  or  B  is  then  raised  until  the  two  sintered  disks  touch.  When 
sufficient  material  has  been  transferred  contact  between  the 
disks  is  broken,  b  replaced  around  a,  and  the  storage  vessel  re¬ 
moved. 

With  system  E,  A  is  completely  immersed,  except  for  the  handle 
in  the  mercury  seal  of  E  and  then  brought  upward  until  the  two 
sintered  disks  touch.  C  is  immersed  to  the  point  where  its  mer¬ 
cury  seal  clears  the  inlet  sintered  disk.  It  is  then  moved  over 
and  upward,  thus  contacting  the  twro  disks  and  transferring  ma¬ 
terial. 

By  this  procedure  no  air  can  enter  the  spectrometer  inlet  sys¬ 
tem  ;  consequently  pumping  out  air  between  additions  of  calibrat¬ 
ing  compounds  is  not  necessary.  Compounds  having  vapor 
pressures  as  low  as  1  mm.  of  mercury  readily  pass  through  the 
disks,  while  flow  from  tubes  filled  with  gas  at  1  atmosphere  is 
easily  controlled.  Table  I  shows  the  approximate  rate  of  flow 
of  gases  into  an  evacuated  system  through  a  sintered-glass  valve 
similar  to  the  ones  described. 
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Figure  1.  Storage  Vessels 
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Table  I.  Approximate  Rate  of  Flow  through  Sintered  Glass  Valve 
into  Evacuated  System 


Pressure  in  Vessel 

Flow  Rate 

Mm.  of  mercury 

Cc./mm./ minute 

760 

6400 

320 

2300 

150 

1400 

106 

540 

48 

440 

30 

130 

12 

47 

A,  B ,  and  C  are  originally  filled  by  distillation  through  the  inlet 
tubes  with  the  mercury  seals  in  place,  following  thorough  evacua¬ 
tion.  The  tubes  are  sealed  off  after  freezing  the  liquid  or  gas 
with  liquid  nitrogen  placed  around  the  bottom  of  A,  or  the  cooling 
tubes  of  B  and  C.  When  dealing  with  mixtures  mild  thermal 
convection  should  be  resorted  to  in  order  to  assure  a  completely 
homogeneous  phase.  Filling  may  also  be  accomplished  directly 
through  the  disk  except  when  the  use  of  rubber  tubing  is  objec¬ 
tionable  and  complete  evacuation  is  necessary.  With  the  mer¬ 
cury  seal  in  place  the  vessel  is  attached  to  the  vacuum  system 
with  a  short  piece  of  rubber  tubing  slipped  over  the  sintered  disk. 
The  vessel  is  tilted  until  the  disk  is  uncovered  and  then  evacuated 
through  the  disk.  With  a  pressure  on  the  pump  side  of  20  to  50 
microns  the  pressure  in  the  vessel  can  be  reduced  to  approxi¬ 
mately  100  microns  after  5  to  6  minutes’  pumping.  Gas  samples 
may  then  be  expanded  into  the  vessel,  and  the  seal  replaced  by 
allowing  the  mercury  to  cover  the  disk  once  more.  Liquid 
samples  may  be  pipetted  into  a  vessel  evacuated  in  this  manner, 
as  described  under  Mixture  Apparatus,  after  removal  from  the 
vacuum  system.  Gas  samples  which  should  not  be  in  contact 
with  rubber  tubing  may  be  introduced  after  evacuation  as  above 
through  a  second  sintered  disk  immersed  in  the  mercury  seal  of 
the  storage  vessel.  Pumping  out  may  also  be  accomplished  with¬ 
out  rubber  tubing  by  using  this  second  sintered  disk,  but  it  has 
been  found  considerably  more  time-consuming  and  for  this 
reason  is  not  recommended. 

Figure  2  illustrates  a  microburet,  A,  made  from  selected 
thermometer  tubing.  One  end  is  ground  to  a  cone  around  the 
capillary,  so  that  contact  with  the  sintered  disk,  B,  is  assured. 
The  disk  shown  is  a  commercial  10-mm.  immersion  filter  of  “F” 
porosity,  covered  with  a  mercury  seal  to  exclude  air  from  the 
spectrometer  inlet  system.  Thermometer  tubing  may  be  ob¬ 
tained  to  deliver  as  little  as  1.5  X  10" 4  ml.  per  cm.  length,  and 
which  will  experimentally  reproduce  the  volume  delivered  to 
within  =*=0.7  X  10"5  ml. 

Liquids  are  introduced  by  means  of  the  microburet  as  follows: 
The  top  of  the  buret  is  fitted  with  either  a  rubber  medicine 
dropper  bulb  or  a  1-ml.  hypodermic  syringe,  and  an  excess  of 
liquid  compound  over  that  needed  is  brought  up  into  the  capil¬ 
lary.  The  buret  is  taken  from  the  liquid  and  the  bulb  or  syringe 
removed.  The  buret  is  then  inverted  momentarily,  whereupon 
liquid  will  run  back  from  the  tip.  The  conical  end  is  carefully 
dried  and  the  buret  brought  slowly  back  toward  the  vertical, 
allowing  the  liquid  to  approach  the  tip.  When  it  just  reaches 
the  tip  the  movement  of  liquid  is  stopped  by  adjusting  the  angle 
of  the  buret  and  liquid  volume  is  read  with  the  buret  tip  just 
above  the  surface  of  the  mercury  seal  (Figure  2).  The  tip  is  then 
carefully  immersed  beneath  the  mercury  surface  and  the  buret 
brought  back  to  the  vertical.  The  tip  of  the  buret  is  touched 
to  the  sintered  disk,  whereupon  liquid  will  be  transferred  from  the 
buret  through  the  disk.  Breaking  contact  between  the  two 
stops  the  flow  of  liquid,  and  a  final  buret  reading  gives  the  amount 
of  liquid  introduced. 

Mixture  Apparatus.  The  apparatus  for  preparing  liquid 
mixtures  is  shown  in  Figure  3. 


lary  pipet  is  properly  drawn  out,  quantities  of  each  component 
from  1  to  20  mg.  can  be  estimated,  before  weighing,  within  30%, 
thus  allowing  a  mixture  to  be  made  up  to  approximately  any 
desired  composition. 

For  the  preparation  of  semimicroquantities  of  mixture  (ap¬ 
proximately  10  to  100  mg.)  a  microbalance  should  be  used  and 
weighings  carried  out  to  0.002  mg.  For  larger  quantities  an 
ordinary  analytical  balance  may  be  used,  with  weighings  made 

to  0.1  mg.  . 

To  prepare  liquid  mixtures  the  weighing  bottle  must  be  evacu¬ 
ated  before  use,  in  order  for  liquids  to  pass  through  the  disk  and 
into  the  bottle.  This  is  accomplished  by  connecting  the  original 
open  end  of  the  sintered  disk  tube  to  a  vacuum  system,  placing 
the  mercury  seal  in  position,  and  evacuating  the  bottle  to  several 
microns’  pressure.  The  tube  is  then  sealed  off  2  to  3  cm.  from 
the  sintered  disk  and  is  ready  for  use.  Any  liquids  may  be  used, 
so  long  as  the  sum  of  the  partial  pressures  in  the  weighing  bottle 
is  sufficiently  low  to  allow  the  liquids  added  to  pass  through  the 
disk.  This  pressure,  for  one  disk  used,  was  found  to  be  approxi¬ 
mately  atmospheric.  The  weighing  bottle  assembly,  which 
should  weigh  from  10  to  20  grams,  is  tared  on  a  microbalance,  and 
a  small  amount  of  one  of  the  liquid  components  to  be  introduced 
is  drawn  up  into  the  capillary  pipet.  The  end  of  the  pipet  is 
carefully  wiped  dry,  immersed  in  the  mercury  seal,  and  touched 
to  the  sintered  disk,  whereupon  the  liquid  is  drawn  into  the 
weighing  bottle.  The  pipet  tip  is  removed  from  the  disk  when 
sufficient  liquid  has  been  transferred.  A  second  weighing  then 
accurately  determines  the  amount  of  liquid  added.  This  process 
is  repeated  until  as  many  components  as  desired  have  been  added. 

The  lower  portion  of  the  weighing  bottle  is  then  immersed  in  a 
cooling  medium  such  as  liquid  nitrogen  to  condense  into  the 
bottle  any  material  still  remaining  in  the  sintered  disk.  The 
bottle  is  alternately  warmed  to  room  temperature  and  cooled 
slightly  several  times  to  help  mix  its  contents  and  is  then  care¬ 
fully  inverted  under  mercury,  taking  care  that  no  air  enters 
through  the  sintered  disk.  Gentle  shaking  will  then  complete 
the  mixing  operation.  The  original  mercury  cup  is  removed 
under  mercury,  thereby  allowing  access  to  the  sintered  disk.  By 
thus  inverting  the  tube,  the  liquid  in  the  weighing  bottle  comes 
in  contact  with  the  disk  and  permits  a  sample  of  the  liquid  phase 
to  be  withdrawn  by  touching  the  disk  of  the  weighing  bottle  to  a 
second  sintered  disk  placed  under  the  mercury  surface  and  con¬ 
nected  to  the  spectrometer  inlet  system  (Figure  2).  . 

Where  the  accuracy  attainable  with  a  balance  is  not  required, 
a  microburet  may  be  used  to  introduce  the  components  into  the 
weighing  bottle. 


MICROBURET- 


1-  A 


INLET  SYSTEM 


V 

Figure  2.  Microburet 


It  consists  of  a  weighing  bottle  made  from  a  short  length  of 
glass  tubing  of  5-mm.  outside  diameter  fitted  at  one  end  with  a 
small  sintered  disk.  Around  the  disk  end  of  the  weighing  bottle, 
and  held  in  place  by  a  rubber  ring,  is  placed  a  short  length  of 
10-mm.  outside  diameter  glass  tubing  acting  as  a  cup  to  Hold  a 
mercury  seal  over  the  sintered  disk.  Glass  legs  attached  to  this 
tubing  hold  the  assembly  upright  on  a  balance  pan. 

A  pipet,  for  adding  components  to  the  weighing  bottle,  is  made 
by  drawing  out  a  piece  of  6-mm.  tubing  to  a  fine  capillary,  and 
placing  a  rubber  medicine  dropper  bulb  over  the  large  end.  The 
size  of  the  capillary  is  determined  by  the  amount  of  each  com¬ 
ponent  to  be  added  and  the  accuracy  with  which  it  is  desired  to 
approximate  the  final  composition  of  the  mixture.  If  the  capil¬ 


Sources  of  Error.  Certain  factors  in  the  method  wTere 
given  consideration  because  of  their  potential  source  of  error. 

Loss  of  Mercury  from,  the  Seal  Due  to  Sticking  on  the  Pipet.  Re¬ 
peated  immersions  and  withdrawals  of  the  pipet  from  the  mer¬ 
cury  seal  showed  that  the  amount  of  mercury  adhering  to  the 
pipet  was  in  all  cases  less  than  0.005  mg.  For  a  10-mg.  quantity 
of  component  this  factor  would  therefore  contribute  less  than 
0.05%  error  to  the  determination  of  such  component. 

Trapping  of  Liquid,  in  the  Mercury  Seal.  It  was  anticipated 
that  some  error  could  be  introduced  should  liquid  leak  from  the 
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pipet  into  the  mercury  seal  during  immersion  and  not  be  trans¬ 
ferred  through  the  sintered  disk.  This  factor  was  investigated 
by  allowing  the  end  of  the  pipet  to  remain  wet  with  a  drop  of 
2,2,4-trimethylpentane  before  immersion  in  the  mercury  seal. 
Such  a  condition  was  always  indicated  by  a  rapid  drift  of  the 
balance  pointer  when  the  bottle  was  weighed.  Evaporation  of 
the  iso-octane,  however,  was  complete  in  10  to  15  minutes  and  the 
bottle  always  attained  its  original  weight  to  within  ±0.002  mg., 
indicating  that  error  from  this  source  was  negligible  or  within  the 
limit  of  precision  of  the  microbalance.  Relatively  nonvolatile 
liquids  could  cause  error,  but  such  leakage  of  liquid  into  the  mer¬ 
cury  never  inadvertently  occurred  in  over  100  weighings  using 
proper  precautions. 

Reproducibility  of  Weighings  with  Microbalance.  Inasmuch  as 
weighings  were  always  made  by  difference,  the  principal  error 
introduced  by  the  balance  was  the  uncertainty  of  weighings. 
This  was  found  to  be  ±0.002  mg.  for  the  microbalance  used  in 
this  work,  and  for  a  10-mg.  quantity  of  component  would  cause 
an  error  of  ±0.02%  in  the  determination  of  each  component. 


Figure  3.  Weighing  Bottle  and  Pipet 


Change  of  Composition  in  W eighing  Bottle.  Some  difference  in 
composition  between  the  liquid  and  gas  phases  coexisting  in  the 
weighing  bottle  would  be  expected  because  of  the  difference  in 
relative  volatility  of  the  components.  This  effect  was  estimated 
by  assuming  an  equimolal  mixture  of  2,2,4-trimethylpentane  and 
n-octane  to  be  present  in  the  bottle  at  room  temperature,  with  a 
vapor-liquid  ratio  of  2.  From  vapor  pressure  data  it  was  cal¬ 
culated  that  the  equilibrium  concentration  of  iso-octane  in  the 
liquid  phase  under  these  conditions  would  be  49.98  mole  %. 
This  represents  an  error  of  0.04%  based  on  either  component. 
For  mixtures  with  greater  vapor  pressure  differences  this  error 
will  increase,  but  will  not  exceed  0.5%  for  the  extreme  case  of  a 
vapor  pressure  difference  of  600  mm.  of  mercury.  The  effect  can 
be  reduced  somewhat  by  decreasing  the  vapor-liquid  ratio,  but  it 
does  not  seem  experimentally  feasible  to  decrease  this  much 
below  1. 

Holdup  in  Sintered  Disk.  Usually  the  analysis  of  the  first 
sample  withdrawn  through  the  disk  will  be  somewhat  in  error, 
probably  because  of  holdup  in  the  sintered  disk,  which  has  the 
effect  of  trapping  a  small  volume  of  material  with  somewhat 
different  composition  than  the  main  body  of  the  mixture.  The 
volume  trapped  in  this  manner  is  ordinarily  completely  with¬ 
drawn  with  the  first  sample  through  the  disk  and  by  rejecting  this 
sample  the  disk  is  sufficiently  purged.  The  volume  thus  removed 
and  the  difference  in  composition  between  it  and  the  known  com¬ 
position  are  both  so  small  that  no  measurable  change  in  mixture 
composition  results  from  this  procedure.  The  first  sample 
through  the  disk  must  also  be  rejected  when  gas  mixtures  are 
introduced  by  means  of  the  inlet  systems  illustrated  in  Figure  1. 

Change  in  Composition  Caused  by  Flow  through  Sintered  Disk. 
Some  change  in  composition  of  the  mixture  might  be  due  to  flow 
through  the  sintered  disk.  No  estimate  of  this  effect  was  at¬ 
tempted,  however,  because  of  the  indeterminate  flow  conditions 
existing  during  transfer.  Instead,  a  mixture  of  n-pentane  and 
iso-octane  was  prepared  according  to  the  method  described 


Table  II.  Mass  Spectrometer  Analysis  of  n-Pentane-lso-octane 

Mixture 

Mole  %  Iso-oetane 

Composition  Through  two  sintered 

by  weight  disks  (liquid  phase) 

33.3  30.5° 

33.5 
32.2 
32.7 

32.6 
34.1 
34.5 

Av.  of  last  6  33.5 

°  First  sample  through  disk  is  usually  erroneous,  owing  to  holdup. 


Table 


III.  Mass  Spectrometer  Analysis  of  Hydrogen-n-Pentane 
Mixture 

(Atmospheric  pressure) 


Through 

stopcock 


Mole  %  Hydrogen 


Through  two 
sintered  disks 


85.7  84.8 
84.6  84.7 
84.4  85.0 

Av.  84.9  84.8 


specifically  to  test  the  sintered  disk  system  for  mixtures  intro¬ 
duced  as  the  liquid  phase.  Table  II  shows  the  results  of  seven 
consecutive  analyses  of  the  same  known  mixture.  The  first 
analysis  shows  the  usual  deviation  attributable  to  holdup  in  the 
disk;  the  next  six  analyses  are  considered  satisfactory  checks  of 
the  known  composition. 

To  test  further  the  suitability  of  the  sintered  disk  system  for 
the  introduction  of  gaseous  mixtures  a  hydrogen-n-pentane  mix¬ 
ture  was  prepared.  Table  III  shows  six  analyses  of  this  mixture 
sampled  at  atmospheric  pressure  from  the  same  storage  vessel 
and  taken  alternately  through  a  stopcock  and  a  sintered-glass 
valve.  It  is  apparent  that  no  significant  difference  exists  be¬ 
tween  the  two  methods  of  introduction. 

In  order  to  determine  at  what  pressures  composition  changes 
would  occur  due  to  differential  effusion  through  the  disks  gaseous 
mixtures  of  hydrogen-n-pentane,  methane-n-pentane,  and 
ethane-n-pentane  were  analyzed  at  several  pressures.  From  the 
data  thus  obtained  the  separation  factor  a  was  calculated : 


Separation  factor,  a  = 


N/l-N 

n/ 1  — n 


where  N  =  mole  fraction  of  one  component  in  the  effused 
phase 

n  =  mole  fraction  of  the  same  component  remaining 
in  storage  vessel 


Table  IV  show’s  the  variation  in  separation  factor  with  pressure 
for  the  three  gas  mixtures.  It  is  evident  for  the  hydrogen-n- 
pentane  mixture  that  measurable  change  in  composition  begins 
to  occur  in  the  region  of  500  mm.  of  mercury.  For  methane-n- 
pentane  and  ethane— n-pentane  mixtures  this  point  is  closer  to 


Table  IV.  Separation  Factor,  a,  as  a  Function  of  Pressure 


Gas  Mixtures 


Pressure,  Mm. 

Hydrogen- 

Methane- 

Ethane— 

of  Mercury 

n-pentane 

n-pentane 

n-pentane 

760 

1.00 

1.00 

1.00 

500 

1.02 

1.00 

1.00 

400 

1.04 

1.00 

1.00 

300 

1.19 

1.02 

1.02 

200 

1.55 

1.05 

1.05 

100 

2.25 

1.18 

1.09 

50 

3.10 

1.45 

1.26 

25 

1.93 

1.50 
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Table  V.  Typical  Known  Mixture 


Weight 

Desired, 

Weight 

Obtained, 

%  by 

Weight  % 
by  Mass 

Predicted 
Standard 
Deviation 
for  Mass 
Spectrometer 

Component 

Mg. 

Mg. 

Weight 

Spectrometer 

Analysis 

3,3-Dimethvlhexane 

2.0 

1.899 

3.6 

4.4 

4.2 

0.8 

2,5-Dimethylhexane 

15.0 

18.096 

34.6 

33.5 

34.5 

0.4 

2,4-Dimethylhexane 

15.0 

15.729 

30. 1 

29.1 

29.7 

0.8 

2,3,4-Trimethylpentane 

10.0 

9.612 

18.4 

18.9 

19.7 

0.3 

2 , 2 ,3-Trimethylpentane 

5 . 0 

6.274 

12.0 

13.2 

!  11  q 

1.0 

2,2-Dimethylhexane 

0.5 

0.667 

1.3 

0.9 

1.0 

respect.  The  tube  is  then  removed  from  the  mer¬ 
cury.  If  air  now  leaks  through  the  disk  into  the 
vacuum  system  it  is  sufficiently  porous  for  use.  Ini¬ 
tial  heating  time,  amount  of  swaging,  and  the  size 
distribution  of  glass  particles  help  determine  final 
porosity.  A  little  experience  will  show  how  these 
variables  must  be  controlled  to  yield  the  most  satis¬ 
factory  disk. 

APPLICATIONS  AND  ADVANTAGES 

Spectrometer  Inlet  Systems.  Applied  to  a  mass 
spectrometer  the  arrangements  shown  in  Figure  1 
have  been  found  convenient  for  introducing  both 


300  mm.  of  mercury.  To  guard  against  error  from  this  source, 
when  using  sintered  disk  valves,  it  is  therefore  essential  to  store 
mixtures  of  compounds  of  widely  different  molecular  weights 
close  to  atmospheric  pressure. 

Sintered  Disks.  The  smaller  sintered  disks  illustrated  in 
Figures  1  and  3  are  not  available  commercially  and  were  made  in 
the  laboratory.  The  preparation  of  similar  disks  presents  no 
difficulties  and  has  been  described  several  times  ( 1 ,  4,  8).  The 
following  method,  however,  has  been  found  particularly  con¬ 
venient  for  the  present  purpose. 


CARBON  SWAGING 
TOOL 


Fisure  4.  Apparatus  for  Preparing  Sintered  Disks 


Pieces  of  Pyrex  tubing  are  thoroughly  crushed  in  a  mortar,  or 
by  other  suitable  means,  and  the  portion  passing  through  a  200- 
but  held  on  a  300-mesh  sieve  is  collected  for  use.  A  mold  is  next 
prepared  by  drilling  a  hole  3  to  4  cm.  deep  in  a  small  carbon 
block  (Figure  4),  so  as  to  provide  a  close  fit  for  the  glass  tube. 
The  tube  is  ground  down  to  a  sharp  tapered  edge  as  shown  and 
cut  to  a  length  of  5  to  6  cm.  A  small  quantity  of  the  powdered 
glass  is  placed  on  a  flat  surface  and  the  tapered  end  of  the  glass 
tube  pressed  into  the  pile.  A  close-fitting  glass  rod  is  inserted 
into  the  top  of  the  tube  and  the  powdered  glass  tamped  into  the 
tapered  end  until  a  packed  layer  about  2  mm.  deep  is  formed. 
The  tube  is  then  carefully  transferred  to  the  carbon  mold,  tapered 
end  down,  and  the  powdered  glass  given  a  final  tamping  with  the 
glass  rod  to  form  it  into  the  bottom  of  the  mold.  The  mold  con¬ 
taining  the  tube  is  placed  in  a  muffle  furnace  and  held  at  approxi¬ 
mately  1800°  F.  for  several  minutes,  or  until  the  protruding  por¬ 
tion  of  the  glass  tube  sags  to  an  almost  horizontal  position.  The 
mold  is  then  removed  from  the  furnace  and  allowed  to  cool. 
When  the  tube  is  removed  from  the  mold,  it  will  be  found  that 
the  powdered  glass  has  sintered  together  but  has  also  shrunk  away 
from  the  glass  tube  somewhat.  To  effect  a  tight  seal  between  the 
two,  a  carbon  rod  is  drilled  with  a  tapered  hole  (Figure  4)  just 
large  enough  to  allow  the  sintered  end  of  the  glass  tube  to  enter. 
The  glass  tube  is  then  cut  off  at  the  bend  and  sealed  to  a  10-cm. 
length  of  larger  tubing  which  acts  as  a  handle. 

The  end  of  the  carbon  rod  containing  the  tapered  hole  is  next 
heated  with  a  torch  to  a  red  heat.  The  flame  is  removed  and  the 
sintered  disk  tube  quickly  pressed  into  the  hole  and  rapidly 
rotated.  This  swages  the  glass  tube  around  the  sintered  disk 
and  provides  a  tight  seal  between  the  two.  To  test  the  disk  for 
porosity  the  open  end  is  connected  to  a  vacuum  system  and  the 
sintered  end  immersed  in  mercury.  If  no  mercury  leaks  through 
after  the  tube  is  completely  evacuated,  it  is  satisfactory  in  this 


liquid  and  gaseous  calibrating  compounds  and  known 
mixtures  into  the  spectrometer  inlet  system. 

An  alternate  method  of  introducing  liquid  compounds  involves 
the  use  of  a  microburet  such  as  shown  in  Figure  2.  This  method 
is  useful  where  the  presence  of  dissolved  air  in  the  compound  is 
not  objectionable,  and  where  a  pressure-volume  measurement  of 
the  compound  in  the  gaseous  form  is  not  practicable. 

Preparation  of  Mixtures.  In  addition  to  the  calibration  of 
spectrometers  with  pure  compounds,  it  frequently  is  desirable  to 
test  over-all  performance  or  computational  methods  by  analyzing 
known  mixtures  of  normally  liquid  compounds.  Ordinary 
methods  of  preparation  are  unsatisfactory  when  dealing  with  the 
small  volumes  of  pure  calibrating  compounds  now  available.  By 
means  of  the  semimicromethod  described,  however,  mixtures 
may  be  made  from  as  many  components  as  desired  and  individ¬ 
ual  components  may  be  weighed  in  amounts  as  low  as  1  mg.  or 
less  with  the  aid  of  a  microbalance.  The  method  may  be  readily 
extended  to  macroquantities  without  sacrificing  its  advantageous 
features,  and  these  liquid  mixtures  may  be  stored  and  introduced 
with  the  same  sintered  disk  tubes  used  for  their  preparation 
(Figure  3).  The  chief  interest  in  this  method  for  the  authors 
centered  around  its  usefulness  in  determining  the  accuracy  of 
mass  spectrometer  methods  applied  to  certain  hydrocarbon 
analyses,  particularly  of  normally  liquid  compounds.  Table  V 
illustrates  the  results  obtained  for  a  typical  known  liquid  mixture 
consisting  of  six  octanes.  The  last  column  gives  the  calculated 
standard  deviation  to  be  expected  for  such  a  mixture,  based  on 
the  known  mass  spectra  of  the  pure  components. 

Advantages.  The  principal  advantages  of  this  sintered  disk 
technique  are:  The  material  contained  in  the  storage  vessels  is 
kept  free  from  air  and  water;  the  use  of  stopcocks,  which  might 
cause  trouble  due  to  leakage  or  absorption,  and  which  need  peri¬ 
odic  regreasing,  is  eliminated;  no  pumping  out  to  remove  air  is 
necessary  before  introducing  material  into  the  spectrometer; 
any  pure  compound  or  mixture  may  be  introduced  with  but  little 
manipulation ;  and  liquid  mixtures  may  be  prepared  rapidly  and 
accurately  with  either  semimicro  or  macroquantities  of  material. 
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NOTE  ON  ANALYTICAL  PROCEDURES 


Improved  Distil  I  ing  Head  for  Laboratory  Fractionating  Columns 

B.  G.  ZIMMERMAN1,  General  Aniline  Works,  Grasselli,  N.  J. 


DISTILLING  heads  are  generally  of  two  types,  the  partial 
vapor  condensation  and  the  total  vapor  condensation  head. 
The  partial  vapor  condensation  head  first  employed  by  Peter  and 
Baker  ( 6 )  now  has  been  almost  entirely  replaced  by  the  total  con¬ 
densation  head. 

Bruun  ( 1 ,  S)  was  among  the  first  to  design  a  satisfactory  total 
vapor  condensation  head  for  laboratory  columns.  His  design  is 
generally  satisfactory  for  most  purposes,  but  lacks  ease  of  opera¬ 
tion  and  is  not  applicable  to  distillation  of  immiscible  and  corrosive 
liquids.  Many  other  (8-11)  different  designs,  which  are  gener¬ 
ally  satisfactory  for  laboratory  distilling  columns,  are  now  in  use; 
but  each,  including  the  one  now  proposed,  possesses  some  dis¬ 
advantage.  It  is  very  difficult  to  design  a  distilling  head  which 
will  eliminate  all  disadvantages,  but  this  paper  presents  a  satis¬ 
factory  distilling  head  which  has  been  in  operation  for  more  than 
five  years. 

1.  All  parts  are  made  of  glass,  and  therefore  may  be  used  for 
distilling  corrosive  liquids,  including  inorganic  acids  except  hy¬ 
drofluoric. 

2.  All  stopcocks  and  joints  are  precision  ground.  These  re¬ 
quire  very  little,  if  any,  lubricant  and  work  well  under  high  vac¬ 
uum. 

3.  It  is  easy  to  operate.  The  nipples  of  the  stopcocks  are 
accurately  calibrated  and  the  reflux  ratio  is  determined  by 
counting  the  drops.  Once  the  reflux  ratio  is  set,  the  ratio  will 
remain  constant  for  an  indefinite  period  of  time. 

4.  The  temperature  of  the  reflux  and  the  product  is  easily 
determined. 

5.  Vapor  temperature  may  be  accurately  determined  during 
fractionation  period. 

1  Present  address,  Morton  Chemical  Co.,  Greensboro,  C. 


6.  The  column 
may  be  operated 
under  total  reflux 
without  leaks  to 
the  product  take¬ 
off  line. 

7.  It  has  very 
low  holdup  of 
liquid. 

8.  The  tem¬ 
perature  of  the 
reflux  may  be 
varied  by  the 
amount  of  cooling 
water  that  flows 
through  the  con¬ 
denser. 

9.  It  is  mechani¬ 
cally  strong. 


Figure  1  shows 
the  side  view  of 
the  distillation 
head,  while  Figure 
2  shows  the  front 
view.  In  actual 
operation,  the  dis¬ 
tillation  head  is  en¬ 
tirely  covered  with 
asbestos  rope  to  en¬ 
sure  more  closely 
adiabetic  condi¬ 


tions.  The  stop¬ 
cocks,  if  precision  ground,  require  very  little,  if  any,  lubrication. 

This  device  requires  a  degree  of  skill  too  great  for  fabrication 
by  an  amateur  glass  blower.  However,  it  can  easily  be  made  by 
a  professional  glass  blower  or  purchased  at  relatively  low  cost 
from  Otto  R.  Greiner  Company,  Newark,  N.  J.  This  type  of 
distillation  head  may  be  made  to  fit  any  size  of  fractionating 
column  for  laboratory  or  pilot-plant  use.  The  design,  as  illus¬ 
trated,  has  been  used  with  a  1.5-inch  inside  diameter-48-inch 
laboratory  column  for  more  than  5  years  with  excellent  results. 

For  ordinary  distillations,  the  thermometer  wells  for  the  re¬ 
flux  and  distillate  may  be  omitted,  thus  reducing  the  cost  of  the 
head. 
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CORRESPONDENCE 


Thermal  Decomposition  of  Perchlorates  and  Determination 
of  Sod  ium  and  Potassium  in  Silicates 


Sik:  Marvin  and  Woolaver  (2)  have  studied  thermal  decomposi¬ 
tion  of  seven  perchlorates  with  aid  of  the  thermobalance.  Their 
findings  are  interesting  and  important,  because  most  textbooks,  hav¬ 
ing  in  mind  alkali  perchlorates,  state  that  “perchlorates  upon  being 
strongly  heated  are  converted  into  chlorides  with  liberation  of  oxy¬ 
gen”.  Marvin  and  Woolaver  find  that  ferric  perchlorate  and  the  per¬ 
chlorates  of  magnesium  and  aluminum  are  completely  changed  to 
oxides,  while  calcium  perchlorate  is  to  some  extent  changed  to  oxide. 

With  respect  to  the  calcium  salt,  they  find  that  the  residue  corre¬ 
sponds  fairly  closely  to  CaO.20CaCl2.  (It  should  be  pointed  out 
that  in  the  article  as  published  there  is  a  printer’s  error  and  capital  0 
appears  instead  of  a  zero.)  It  is  a  bit  unfortunate  that  this  formula 
was  given  at  all,  for  it  is  based  on  a  single  weight  of  residue  obtained 
on  heating  a  sample  of  perchlorate  which  was  not  perfectly  anhydrous. 
I  would  call  attention  to  the  fact  that  the  weight  of  residue  obtained 
on  heating  Ca(C104)2  was  only  1.45%  low  if  only  CaCh  were  formed, 
and  with  LiC104  the  error  was  —3.2%,  with  NaC104  —0.74%,  and 
with  KC104  —1.45%.  It  is  regrettable,  therefore,  that  the  residue 
obtained  on  heating  Ca(C104)2  was  not  dissolved  in  water  and  titrated 
with  acid  in  the  presence  of  methyl  orange.  This  would  have  been 
better  proof  of  formation  of  some  CaO. 

The  authors  state  that  with  the  thermobalance  decomposition 
points  were  obtained  within  a  few  degrees,  but  the  data  presented  in 
plots  do  not  show  complete  decomposition.  Thus  the  curve  in  Fig¬ 
ure  4  for  conversion  of  Fe(C104)3  stops  at  approximately  235°  where 
loss  in  weight  is  only  39  mg.,  whereas  complete  conversion  of  0.092 
gram  of  anhydrous  Fe(C104)3  calls  for  loss  of  over  71  mg. 

The  argument  that  alkali  perchlorates  are  decomposed  into  chlo¬ 
rides  with  loss  of  oxygen  seems  sound.  On  the  other  hand,  assump¬ 
tion  that  perchlorates  of  iron,  magnesium,  and  aluminum  are  simply 
hydrolyzed  into  oxide  and  HC104  does  not  appear  to  be  proved.  If 
hydrolysis  takes  place  completely  one  would  expect  this  within  100° 
of  boiling  point  of  water,  when  the  decomposition  takes  place  in  an 
open  dish.  But  ferric  perchlorate  does  not  appear  completely 
■changed  to  oxide  when  the  temperature  of  225°  is  reached,  and  in  the 
case  of  magnesium  perchlorate  only  81%  of  the  expected  loss  in 
weight  occurs  when  425°  is  reached  on  the  assumption  that  the  per¬ 
chlorate  was  anhydrous  at  the  start.  Of  course,  if  the  sample  were 
MgC104.6H20  at  the  start,  one  would  expect  considerable 
hydrolysis  to  take  place,  but  the  plot  shows  a  loss  of  only  55  mg.  and 
87  mg.  of  MgC104.6H20  contain  42  mg.  of  water  of  crystallization. 
Every  mole  of  perchlorate  requires  4  of  water  for  its  hydrolysis. 
Does  it  seem  reasonable  that  4  moles  of  water  remain  for  each  mole 
of  undecomposed  Mg(C104)2  after  a  temperature  of  425°  has  been 
reached?  The  data  given  do  not  prove  that  conversion  of  perchlo¬ 
rates  of  iron,  magnesium,  and  aluminum  is  entirely  the  result  of 
hydrolysis. 

A  method  for  determining  sodium  and  potassium  (?)  is  based  on 
heating  a  silicate  with  HC104  and  HF  in  platinum  and  converting  per¬ 
chlorates  formed  to  chlorides  and  oxides  by  ignition  in  glass  to  550°. 
After  dissolving  in  water  and  precipitating  the  calcium  and  magne¬ 
sium  as  oxalate  and  oxinate,  respectively,  the  chlorides  were  weighed 
in  glass.  In  the  analysis  of  6  samples  of  silicates,  20  to  24  mg.  of 
NaCl  +  KC1  were  weighed  in  “250-ml.  tail-form  beakers”.  The  re¬ 
sults  agreed  better  with  the  Bureau  of  Standards  results  than  the 
results  obtained  with  KC104  recorded  in  the  previous  article  (2) . 
We  older  chemists  would  never  have  dared  to  weigh  20  mg.  of  residue 
by  difference  in  a  250-ml.  glass  beaker.  We  used  to  employ  platinum 
dishes  and  with  platinum  it  is  much  easier  to  get  constant  weights 
than  with  glass.  Remarkably  good  agreement  was  obtained  (?)  with 
the  Bureau  of  Standards  values,  but  no  analysis  was  made  of  actual 
sodium  and  potassium  contents.  One  would  expect  some  attack  on 
glass  by  the  rigorous  treatment  and,  in  carrying  out  the  J.  L.  Smith 
procedure,  we  always  had  to  make  allowance  for  alkalies  picked  up 


from  the  glass  and  from  reagents.  Apparently  in  the  experiments  of 
Marvin  and  Woolaver,  loss  in  alkali  during  ignition  of  perchlorates 
happened  to  compensate  the  gain  in  weight  from  glass  vessels  and 
from  reagents. 

William  T.  Hall 

Rochester,  Mass. 


Sir:  Professor  Hall  suggests  that  in  order  to  determine  the  pres¬ 
ence  of  calcium  oxide  the  residue  might  have  been  dissolved  in  water 
and  titrated  with  acid.  This  w^as  performed  during  the  course  of  our 
experiments  and  we  are  sure  that  calcium  oxide  is  present  because  of 
the  alkalinity  of  the  resulting  solution.  A  quantitative  value  on  the 
amount  of  calcium  oxide  would  undoubtedly  be  of  little  significance 
because  it  would  probably  vary  from  one  sample  to  another.  Also  I 
wrould  like  to  point  out  that  after  this  suggested  formula  the  state¬ 
ment  is  made  that  it  “has  no  particular  significance”. 

Comment  is  also  made  on  the  fact  that  the  curves  do  not  indicate 
complete  decomposition  of  samples.  The  purpose  of  the  paper,  as 
illustrated  by  Figures  1  and  2,  is  to  show  a  sharp  point  of  inflection 
indicating  that  decomposition  begins  at  a  definite  temperature  and 
■will  continue,  faster  and  faster,  over  an  indefinite  range  upwards. 
The  curves  for  iron,  magnesium,  and  aluminum  perchlorates  should 
be  viewed  in  contrast  with  Figures  2  and  3  rather  than  in  comparison. 
There  was  no  interest  or  intent  to  carry  these  curves  through  to  com¬ 
plete  decomposition.  Of  course,  the  ultimate  purpose  of  the  paper 
was  to  show  that  a  maximum  temperature  would  be  required  to  break 
down  these  common  perchlorates  for  analysis  for  sodium  and  potas¬ 
sium. 

The  comment  regarding  possible  mechanism  of  breakdown  of  per¬ 
chlorates  is  of  interest,  but  we  made  no  effort  to  prove  that  it  followed 
a  definite  mechanism.  We  simply  offered  a  possible  explanation  for 
the  decomposition. 

On  the  method  for  determining  sodium  and  potassium  (?),  Professor 
Hall  refers  to  decomposition  of  perchlorates  in  glass.  This  decom¬ 
position  cannot  be  performed  in  platinum  because  of  the  serious  at¬ 
tack  of  the  platinum  dish.  Checks  were  carried  out  in  quartz  dishes 
against  the  same  work  in  glass  vessels,  the  error  being  of  such  small 
magnitude  that  it  was  considered  entirely  feasible  to  use  Pyrex. 

Blank  results  were  carried  on  throughout  this  work,  and  all  indica¬ 
tions  point  to  the  reasonable  conclusion  that  results  obtained  by  this 
method  are  accurate.  There  were  numerous  side  experiments  and 
tests  performed  in  connection  with  this  research  that  could  not  be  in¬ 
cluded  in  the  article  because  of  the  necessity  for  conciseness. 

George  G.  Marvin 

Cambridge,  Mass. 
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Dilution  Factor  in  Spectrochemical  Analysis.  C.  B.  Post,  D.  G. 

Schoffstall,  and  George  Hurley .  412 

(See  also  Aluminum,  Brass,  Bronze,  Magnesium,  Steel.) 

Alumina  Determination  in  Titanium  Pigments.  Irvin  Baker  and 

George  Martin .  488 

Alumina,  Silica  Determination  in,  by  Colorimetry.  M.  F.  Adams.  .  .  542 

Aluminum 

Alloys,  Copper  Determination  in 

R.  F.  Patridge .  422 

Sidney  Weinberg .  197 

Alloys,  Polarographic  Analysis.  I.  M.  Kolthoff  and  George  Matsu¬ 
yama .  615 

Determination 

in  Magnesium  Alloys  by  Spectrography.  B.  L.  Averbach .  341 

by  Rapid  Volumetric  Method.  L.  J.  Snyder .  37 


in  Recovery  Acid  by  Spectrography.  Thomas  Whitehead,  Jr., 

and  E.  V.  Williams .  490 

in  Steel  by  Colorimetry.  C.  H.  Craft  and  G.  R.  Makepeace. 

(Correction,  386.) .  206 

in  Steel  Spectrochemieally.  Robert  Spiers,  Philip  Fischer,  and 

Kenneth  Proctor .  772 

Dilution  Factor  in  Spectrochemical  Analysis.  C.  B.  Post,  D.  G. 

Schoffstall,  and  George  Hurley . .  412 

Emission  Spectrometry  Applied  to  Analyses  of.  J.  R.  Churchill ...  66 
Ore  Analysis  by  Spark  Spectra.  J.  R.  Churchill  and  R.  G.  Russell.  .  24 
Performance  under  Service  Conditions  Predicted  by  Tests.  D.  W. 

Sawyer  and  R.  B.  Mears .  I 

Aluminum  Chloride  Determination  in  Hydrocarbon  Streams.  Walter 

Green  and  S.  R.  Baker .  351 

Amalgam,  Sodium,  for  Ytterbium  Extraction  from  Rare  Earths. 

Therald  Moeller  and  H.  E.  Kremers .  798 

Amine  Determination  with  Metallo-organic  Complexes.  F.  R.  Duke  196 
Ammonia  Synthesis  at  TVA,  Analytical  Control  for 

Activity  in  Ammoniacal  Solutions  Determined  Continuously.  E.  H. 

Brown,  J.  E.  Cline,  M.  M.  Felger,  and  R.  B.  Howard,  Jr. .  280 

Argon  Determination  in  Gases.  E.  H.  Brown  and  J.  E.  Cline .  286 

Bivalent  Copper  Determination  by  Continuous  Photometric  Method. 

E.  H.  Brown  and  J.  E.  Cline .  284 

Carbon  Dioxide  Determination  in  Concentrations  up  to  2%  by 

Electroconductivity.  E.  H.  Brown  and  M.  M.  Felger .  283 

Carbon  Monoxide  Determination  in  Concentrations  up  to  3.5%  by 
Electroconductivity.  E.  H.  Brown,  M.  M.  Felger,  and  R.  B. 

Howard,  Jr . . .  287 

Carbon  Oxide  Determination  in  Hydrogen-Nitrogen  Mixtures. 

E.  H.  Brown  and  M.  M.  Felger .  277 

Plant  Requirements.  E.  H.  Brown  and  M.  M.  Felger . . .  273 

Ammonium  Halides,  High-Molecular  Quaternary,  Argentimetric  Esti¬ 
mation  of.  A.  S.  DuBois .  744 

Ampoule  Testing  with  Manometric  Apparatus.  A1  Stevermark .  191 

Aniline  Point  Determination  with  Infrared  Heat.  H.  T.  Hopkins. . . .  269 

Animal  Tissues,  Cobalt  Microdetermination  in,  with  Nitrosocresol. 

G.  H.  Ellis  and  J.  F.  Thompson .  254 

Antibiotic  Substances  Assayed  by  Agar-Streak  Method.  S.  A.  Waks- 

man  and  H.  C.  Reilly .  556 

Argon  Determination  in  Ammonia-Synthesis  Gases  at  TVA.  E.  H. 

Brown  and  J.  E.  Cline .  286 

Argon  Determination  in  Natural  Gases  and  in  Atmosphere.  G.  H. 

Cady  and  H.  P.  Cady . . . .  ■  •  760 

Aromatic  Determination  in  Cracked  Gasoline  by  Specific  Dispersion. 

Correction  for  Olefins.  Sigurd  Groennings .  361 

Aromatic  Determination  in  Light  Petroleum  Distillates  by  Specific 
Dispersions  between  Sodium  D  and  Mercury  g  Lines.  H.  M. 

Thorne,  Walter  Murphy,  and  J.  S.  Ball .  481 

Ascorbic  Acid.  See  Vitamins. 

Asphalt,  Plastometer  of  Cutting-Wire  Type  for  Rheological  Measure¬ 
ments  on.  L.  L.  Lyon  and  R.  D.  Void . . .  585 

Atomic  Dilution  Factor  in  Spectrochemical  Analysis.  C.  B.  Post, 

D.  G.  Schoffstall,  and  George  Hurley .  412 

Azide  Determination  in  Lead  and  Sodium  Azides  by  Cerate  Oxidimetry 

J.  W.  Arnold .  215 

Azo-2-naphthol  Dyes,  Sulfonated,  Identification  of.  R.  F.  Milligan, 

Samuel  Zuckerman,  and  Louis  Koch .  569 


B 


Bactericides.  See  Antibiotic  Substances. 

Barometer-Manometer  for  Distillation.  G.  R.  Robertson .  238 

Barometer,  Thermo-,  for  Converting  Gas  Volumes  into  Weight.  Ernst 

Berl,  W.  G.  Berl,  and  G.  A.  Sterbutzel .  166 

Base  Determination  with  Calomel.  Application  to  Lime  in  Commer¬ 
cial  Calcium  Arsenate.  L.  N.  Markwood,  H.  D.  Mann,  and  R.  H. 

Carter .  570 

Bath,  Thermostatic,  for  Low-Temperature  Viscosity  Determinations. 

E.  L.  Ruh,  G.  E.  Conklin,  and  J.  E.  Curran .  451 

(See  also  Plating  Baths.) 

Bearing  Corrosion  in  Lubricating  Oils.  Indiana  Stirring  Test.  C.  M. 

Loane  and  J.  W.  Gay  nor .  89 

Bearing  Corrosion,  Machine  for  Investigation  of.  S.  K.  Talley,  R.  G. 

Larsen,  and  W.  A.  Webb .  168 

Beckman  Spectrophotometer.  See  Spectrophotometer. 

Beer  “Percentage  Concentration”  Converted  to  Gallonage.  E.  M. 

Burdick  and  Julian  Corman .  268 

Benzaldehyde  Determination  in  Turpentine  Mixtures.  S.  R.  Snider.  .  107 

Binary  Systems,  Sucrose  and  Lactose  Estimation  in.  H.  H.  Browne.  .  623 

Biological  Materials 

Cobalt  Microdetermination  in,  with  Nitrosocresol.  G.  H.  Ellis  and 

J.  F.  Thompson . 254 

Spectrographic  Determination  of  Metallic  Elements  in.  J.  K. 

Brody  and  D.  T.  Ewing .  627 

(See  also  individual  biological  material.) 

Biotin  Microbiological  Assay,  Growth  Stimulants  for.  V.  R.  Williams 

and  E.  A.  Fieger . . .  127 

Bismuth  Determination  in  Copper  with  Dithizone.  Yu-Lin  Yao .  114 

Bismuth  Microdetermination  in  Blood  Serum  or  Plasma  by  Colorim¬ 
etry.  N.  J.  Giacomino .  456 

Blood,  Quantitative  Ultramicromethods  for.  A.  E.  Sobel . .  .  242 

Blood  Serum  or  Plasma,  Bismuth  Microdetermination  in.  N.  J.  Gia¬ 
comino .  456 

Boiler  Water.  See  WYter. 


Boric  Acid  Titration  in  Presence  of  Mannitol.  Max  Hollander  and 

William  Rieman  III .  602 

Boron  Determination  in  Steel  by  Colorimetry.  Sidney  Weinberg, 

K.  L.  Proctor,  and  Oscar  Milner .  419 

Boron  Microdetermination  by  Potentiometric  Titration.  A.  E.  Ruehle 

and  D.  A.  Shock .  453 

Brand}',  Caramel  Determination  in.  G.  E.  Mallory  and  R.  F.  Love.  .  631 

Brass,  Copper  and  Zinc  Determination  in  Plating  Baths  and  Electro- 

deposits  of.  A.  S.  Miceli  and  R.  E.  Mosher .  377 

Brazilian  Rubber  Laboratory  in  Amazon  Valley.  Norman  Bekkedahl 

and  F.  L.  Downs .  459 

Bronze.  Analysis  of  Manganese  Bronze.  Harold  Ravner .  41 

Brucine  Reagent  for  Nitrate  Determination  in  Boiler  Water.  C.  A. 

Noll .  426 

Buna  S  (GR-S)  Reclaim,  Color  Tests  for  Differentiating  Other  Polymers 

from.  H.  P.  Burchfield .  806 

Buna  S  (GR-S),  Vacuum  Drying  Apparatus  for.  A.  R.  Kemp  and 

W.  G.  Straitiff . * .  387 

Buret,  Electrically  Operated.  F.  C.  Nachod .  602 

Burner  for  Acetylene-Air,  of  Lundeg&rdh.  M.  A.  Griggs .  599 

Butadiene 

Analysis.  Apparatus  and  Procedure  for  Technical  Grade.  C.  L. 

Gregg .  728 

Determination  with  Gas  Absorber.  P.  J.  Elving  and  T.  L.  Stein.  .  722 

Dimer  (4- Vinyl- 1-cyclohexene)  Determination  in  Recycle  Styrene. 

H.  A.  Laitinen,  A.  S.  O’Brien,  and  Stanley  Wawzonek .  769 

Butane,  n-  and  Iso-,  Determined  in  Refiner}-  Butane  Stream.  L.  C. 

Jones,  Jr.,  R.  A.  Friedel,  and  G.  P.  Hinds,  Jr .  349 

Butyl  Rubber,  Unsaturation  Determined  in.  John  Rehner,  Jr.,  and 
Priscilla  Gray .  367 

c 

Cadmium  Microdetection  and  Separation  from  Cupric  Ions  in  Copper 

Subgroup  of  Group  II.  G.  F.  Grillot  and  J.  B.  Kelley .  458 

Caffeine  Microdetermination  by  Color  Test.  C.  E.  Morgan  and 

Nicholas  Opolonick .  526 

Caffeine,  Nitrogen  Determination  in,  by  Kjeldahl  Method.  R.  L. 

Shirley  and  W.  W.  Becker .  437 

Calcium  Arsenate,  Lime  Determination  in,  with  Calomel.  L.  N. 

Markwood,  H.  D.  Mann,  and  R.  H.  Carter .  570 

Calcium  Determination 

with  Flame  Photometer.  R.  B.  Barnes,  David  Richardson,  J.  W. 

Berry,  and  R.  L.  Hood .  605 

in  Presence  of  Silica,  Iron,  Aluminum,  Magnesium,  Phosphorus,  Ti¬ 
tanium,  and  Manganese.  J.  J.  Lingane .  39 

in  Recovery  Acid  by  Spectrography.  Thomas  Whitehead,  Jr.,  and 

E.  V.  Williams .  490 

by  Spectrophotometric  Method.  R.  E.  Scott  and  C.  R.  Johnson.  .  504 

in  Water.  Abraham  Saifer  and  F.  D.  Clark .  757 

Calcium  Phosphates.  Optical  and  X-Ray  Diffraction  Studies.  W.  F. 

Bale,  J.  F.  Bonner,  H.  C.  Hodge,  Howard  Adler,  A.  R.  WYeath,  and 

Russell  Bell .  491 

Calomel.  See  Mercurous  Chloride. 

Canned  Food.  See  Food. 

Capacity  of  Shallow-  Jars  Determined.  E.  R.  Caley .  442 

Caramel  Determination  in  Wine,  Distilled  Spirits,  Vinegar,  and 

Vanilla  Extract.  G.  E.  Mallory  and  R.  F.  Love .  631 

Carbon  Determination 

in  Closed  Absorption  Tube  by  Micromethod.  Alois  Langer .  266 

in  Gaseous  Compounds  with  Microtrain.  E.  W.  Balis,  H.  A.  Lieb- 

hafsky,  and  L.  B.  Bronk .  56 

Industrial  Laboratory  Setup  for  Micromethod.  A1  Steyermark.  .  .  .  523 

in  Magnesium  Alloys.  E.  G.  Bobalek  and  S.  A.  Shrader .  544 

in  Metals  in  Minute  Quantities.  J.  K.  Stanley  and  T.  D.  Yensen  .  .  699 

in  Organic  Compounds  by  Micromethod.  R.  O.  Clark  and  G.  H. 

Stillson .  520 

Carbon  Dioxide  Determination  in  Ammonia  Plant  Gases  of  TVA  in 
Concentrations  up  to  2%  by  Electroconductivity.  E.  H.  Brown 

and  M.  M.  Felger .  283 

Carbon  Disulfide  Determination  in  Carbon  Tetrachloride  by  Dead- 

Stop  End  P  int.  R.  L.  Bishop  and  E.  L.  Wallace .  563 

Carbon  Disulfide  Determination  in  Viscose.  H.  L.  Barthelemy  and 

Loveleen  Williams .  624 

Carbon  Monoxide  Determination  in  Ammonia  Plant  Gases  of  TVA  in 


Concentrations  up  to  3.5%  by  Electroconductivity.  E.  H.  Brown, 

M.  M.  Felger,  and  R.  B.  Howard,  Jr .  287 

Carbon  Oxide  Determination  in  Hydrogen-Nitrogen  Mixtures  at 

TVA  Ammonia  Plant.  E.  H.  Brown  and  M.  M.  Felger .  277 

Carbon  Tetrachloride,  Carbon  Disulfide  Determination  in,  by  Dead- 

Stop  End  Point.  R.  L.  Bishop  and  E.  L.  Wallace .  563 

Carotene 

Determination  in  Plants  by  Rapid  Method.  R.  B.  Griffith  and  R.  N. 

Jeffrey.... .  448 

Estimation  in  Mixed  Feeds  by  Chromatography.  M.  L.  Cooley, 

J.  B.  Christiansen,  and  C.  H.  Schroeder .  689 

as  Standard  in  Vitamin  A  Assay.  E.  C.  Callison  and  JElsa  Orent- 

Keiles . .  378 

Carrots,  Blanched,  Vitamin  Retention  in.  F.  A.  Lee .  719 

Carrots,  Canned,  Vitamin  Content  by  Different  Methods  of  Assay. 

N.  B.  Guerrant,  M.  G.  Vavich,  and  O.  B.  Fardig . .  710 

Catalytic  Activity  of  Selenates  in  Kjeldahl  Nitrogen  Determination. 

R.  S.  Dalrymple  and  G.  B.  King .  403 

Caustic  Soda 

Manganese  Determination  in.  Dwight  Williams  and  R.  V.  Andes.  .  28 

Solutions,  Chlorate  Determination  in 

Colorimetric  Method  with  o-Tolidine.  Dwight  Williams  and 

G.  S.  Haines .  538 

Iodometric  Method.  Dwight  Williams  and  C.  C.  Meeker .  535 

by  Reduction  with  Ferrous  Sulfate.  Dwight  Williams .  533 

Cells 

for  Determining  Dielectric  Properties  of  Liquids.  Method  for  Cali¬ 
bration.  L.  J.  Berberich .  582 

for  Gas  Absorption  in  Beckman  Quartz  Spectrophotometer.  N.  D. 

Coggeshall .  513 

for  Polarographic  Analysis.  J.  B.  Gisclard . . .  196 

Cellulose,  Hemi-,  Isolation  from  Coniferous  Woods.  L.  E.  Wise .  63 

Cellulose,  Sugar  Content  Estimated  by  Quantitative  Method.  J.  F. 

Saeman,  J.  L.  Bubl,  and  E.  E.  Harris . . .  35 

Cement,  Portland,  Determination  in  Drilling  Muds  and  Soil-Cement 

Mixtures.  R.  G.  Mihram  and  Betty  Brown . . .•  •  •  •  156 

Centrifuge  Tube  Agitator  for  Semimicroanalyses.  R.  F.  Reitemeier.  .  267 

Cerate  Oxidimetry  for  Assay  of  Lead  and  Sodium  Azides.  J.  W. 

Arnold . . . _•  215 

Cerate  Oxidimetry  for  Iodine  Determination  in  Thyroid.  D.  T.  Englis 

and  A.  A.  Knoepfelmacher .  393 

Chlorate  Determination  in  Caustic  Soda  Solutions 

Colorimetric  Method  with  o-Tolidine.  Dwight  Williams  and  G.  S. 

Haines .  538 

Iodometric  Method.  Dwight  Williams  and  C.  C.  Meeker .  535 

by  Reduction  with  Ferrous  Sulfate.  Dwight  Williams .  533 

Chloride  Determination  by  Potentiometric  Titration.  R.  P.  Yeck  and 

G.  H.  Kissin . . . . •  692 

Chlorine  Determination  in  Gaseous  Compounds  with  Microtrain. 

E.  W.  Balis,  H.  A.  Liebhafsky,  and  L.  B.  Bronk . .  ■  56 

Chlorophyll  Determination  in  Plants  by  Rapid  Method.  R.  B.  Grif¬ 
fith  and  R.  N.  Jeffrey . 448 

Chromium  Dilution  Factor  in  Spectrochemical  Analysis.  C.  B.  Post, 

D.  G.  Schoffstall,  and  George  Hurley . .  .  . .  412 

Chromous  Chloride-Acetic  Acid  Solutions  for  Quantitative  Absorp¬ 
tion  of  Oxygen.  H.  W.  Stone  and  E.  R.  Skavinski . . .  495 

Citrus  Leaves,  Determination  of  Petroleum  Oil  Spray  Deposits  on. 

J.  B.  Redd .  621 

Clinical  Laboratory.  See  Medicine. 

Cobalt,  Iron  Determination  in  Presence  of,  by  Colorimetry.  E.  A. 

Brown . .  .  .  .  .^ .  228 

Cobalt  Microdetermination  in  Biological  Materials  with  Nitrosocresol. 

G.  H.  Ellis  and  J.  F.  Thompson .  254 

Cod  Liver  Oil.  See  Fish  Liver  Oils. 

Column.  See  Distillation  and  Fractionating  Columns. 

Coniferous  Wood.  See  Wood. 

Copper 

Bismuth  Trace  Determination  in,  with  Dithizone.  Yu-Lin  Yao.  .  .  114 

Determination 

in  Aluminum  Alloys 

I.  M.  Kolthoff  and  George  Matsuyama .  615 

R.  F.  Patridge . lJS .  422 

Sidney  Weinberg . . : .  197 

in  Brass  Plating  Baths  and  Electrodeposits  by  Electrolysis.  A.  S. 

Miceli  and  R.  E.  Mosher .  377 

in  Copper  Naphthenate.  A.  A.  McLeod .  599 

as  Cupric  in  Ammoniacal  Solution  of  TVA  Plant.  E.  H.  Brown 

and  J.  E.  Cline . . . . .•  ••  •. .  284 

Cupric  Ion  Microdetection  and  Separation  from  Cadmium  in  Cop¬ 
per  Subgroup  of  Group  II.  G.  F.  Grillot  and  J.  B.  Kelley. .  .  .  458 

with  Polarograph  by  Micromethod.  Christopher  Carruthers.  .  .  .  398 

in  Proteins  by  Micromethod.  S.  R.  Ames  and  C.  R.  Daw-son.  .  .  249 

wfith  Rubeanic  Acid  by  Spectrophotometry.  E.  J.  Center  and 

R.  M.  Macintosh .  239 

by  Selective  Spot  Test.  P.  W.  West .  740 

in  Steel  for  Foundry  Control.  F.  B.  Clardy,  J.  C.  Edwards,  and 

J.  L. Leavitt . 791 

in  Tin-Base  and  Copper-Base  Alloys.  J.  J.  Lingane .  640 

Dilution  Factor  in  Spectrochemical  Analysis.  C.  B.  Post,  D.  G. 

Schoffstall,  and  George  Hurley. . . . . .  412 

Electrodeposition  with  Sulfamic  Acid.  Louis  Silverman . •  270 

Performance  under  Service  Conditions  Predicted  by  Tests.  D.  V  . 

Sawyer  and  R.  B.  Mears . 1 

Copper  Alkyl  Phthalates  for  Mercaptan  Estimation.  Ernest  Turk 

and  E.  E.  Reid . ....... .  713 

Copper  Naphthenate,  Copper  Determination  in.  A.  A.  McLeod .  599 

Corn,  Canned,  Vitamin  Content  by  Different  Methods  of  Assay.  N.  B. 

Guerrant,  M.  G.  Vavich,  and  O.  B.  Fardig .  710 

Corrections . 113,  240,  360,  386,  434,  766 

Correspondence . 746,  816 

Corrosion 

of  Bearings  in  Lubricating  Oils.  Indiana  Stirring  Test.  C.  M. 

Loane  and  J.  W.  Gaynor . .  .  .  . .  89 

of  Bearings,  Machine  for  Investigation  of.  S.  K.  Talley,  R.  G. 

Larsen,  and  W.  A.  Webb .  168 

Laboratory  Tests  Reviewed.  R.  M.  Burns .  296 

of  Metals  under  Service  Conditions  Predicted  by  Tests.  D.  W. 

Sawyer  and  R.  B.  Mears .  1 

Corrosivity  of  Engine  Oils  Measured  after  Use.  R.  G.  Larsen,  F.  A. 

Armfield,  and  L.  D.  Grenot .  19 

Cottonseed  Extraction  Apparatus  for  Low  Pressures.  V.  L.  Frampton 

and  F.  K.  Giles . . . - . . .  674 

o-Cresol  Determination  in  Phenol  by  Cloud  Point  (Correction).  P. 

J.  C.  Haywood . * .  240 


p-Cresol,  2-Phenylazo-,  as  Vitamin  A  Photometric  Standard.  H.  R. 

Kreider .  694 

Crystal  Growth  on  Plastic  Films  Studied  with  Electron  Microscope. 

E.  A.  Gulbransen,  R.  T.  Phelps,  and  Alois  Langer .  646 

Crystal  Identification  by  Microscope  Goniometry.  J.  D.  H.  Donnay 

and  W.  A.  O’Brien .  593 

Crystalline  Microscopic  Data,  Recommended  Practice  for  Reports  in 

A.C.S.  Publications.  C.  W.  Mason  et  al .  603 

Cupric  Ion.  See  Copper  Determination. 

Current.  See  Electric  Current. 

Cyanide  Determination  in  Silver  Plating  Solutions.  J.  N.  Gregory  and 

R.  R.  Hughan .  109 

Cyclopropane-Propylene  Mixtures  Analyzed  by  Selective  Hydrogena¬ 
tion.  E.  S.  Corner  and  R.  N.  Pease .  564 


D 


DDT 

Determination,  and  Color  Test  for  Related  Compounds.  M.  S. 

Schechter,  S.  B.  Soloway,  R.  A.  Hayes,  and  H.  L.  Haller .  704 

Determination  by  Colorimetric  Method.  E.  L.  Bailes  and  M.  G. 

Payne . .  438 

Estimation  in  a  Sample  and  in  Spray  or  Dust  Deposits.  F.  A.  Gun¬ 
ther .  149 

Technical,  Determination  of  l-Trichloro-2,2-bis(p-ehlorophenyl)- 

ethane  in.  S.  J.  Cristol,  R.  A.  Hayes,  and  H.  L.  Haller .  470 

Density  of  Porous  Solids,  Apparatus  for.  K.  A.  Krieger .  532 

Detonator  Initiating  Efficiency  Determined  by  Miniature  Cartridge 

Test.  R.  L.  Grant  and  J.  E.  Tiffany .  13 

Dielectric  Properties  of  Liquids,  Cell  for  Determination  of.  L.  J. 

Berberich .  582 

Dimethylglyoxime  for  Nickel  Determination  by  Colorimetric  Method. 

A.  M.  Mitchell  with  M.  G.  Mellon .  380 

Dispenser  for  Media,  Automatic  Type  of.  A.  A.  Andersen .  463 

Dispersion,  Specific,  for  Aromatic  Determination  in  Light  Petroleum 

Distillates.  H.  M.  Thorne,  Walter  Murphy,  and  J.  S.  Ball .  481 

Distillation 

Column  with  Backward  Feed.  W.  M.  Langdon .  590 

Column  of  Glass  with  Perforated  Plates.  W.  M.  Langdon  and  D.  J. 

Tobin .  801 

Flask  for  Concentrating  Solutions  in  Vacuo.  J.  W.  Green .  674 

of  Hydrocarbons  Which  Are  Normally  Liquid,  at  Atmospheric  Pres¬ 
sure.  H.  J.  Hepp  and  D.  E.  Smith .  579 

in  Kjeldahl  Microapparatus,  Safe  Device  for.  Mario  Meneghini.  . .  672 

Manometer-Barometer  for.  G.  R.  Robertson .  238 

Petroleum  Light-Constituent  Analysis  by  Low-Temperature  Frac¬ 
tionation.  R.  J.  Askevold  and  M.  S.  Agruss .  241 

Pump  of  Magnetic  Type  for  Liquids  in  High-Vacuum  System. 

G.  D.  Oliver,  W.  G.  Bickford,  S.  S.  Todd,  and  P.  J.  Fynn .  158 

Still  with  Multiple  Units  for  Separation  of  Fluorine.  H.  V.  Churchill  720 
Dithiooxamide.  See  Rubeanic  Acid. 

Dithizone,  Bismuth  Determination  in  Copper  with.  Yu-Lin  Yao.  ...  114 

Dropping  Funnel.  Milton  Orchin .  99 

Drugs.  See  Caffeine  and  Pharmaceuticals. 

Drying  Apparatus  for  Polymers  of  Unstable  Tjpe,  under  Vacuum. 

A.  R.  Kemp  and  W.  G.  Straitiff .  387 

Dumas  Method.  See  Nitrogen. 

Dyes.  Azo-2-naphthol,  Sulfonated,  Identification  of.  R.  F.  Milligan, 
Samuel  Zuckerman,  and  Louis  Koch .  569 

E 

Easel,  Magnetic,  for  Spraying  Test  Panels.  T.  H.  G.  Michael .  464 

Editciial .  747 

Eggs,  Riboflavin  Determination  in,  by  Fluorometric  Method.  W.  J. 

Peterson,  R.  S.  Dearstyne,  R.  E.  Comstock,  and  Virginia  Weldon.  .  370 

Elasticity  Modulus  Determination  for  Varnish  Films.  H.  G.  Steffens  417 
Electric  Current  Interrupter  of  Rugged  Construction.  H.  S.  Booth 

and  D.  R.  Martin .  528 

Electrode,  Dropping  Mercury,  for  Copper  Microdetermination  in 


Electrolysis  at  Controlled  Potential,  Automatic  Apparatus  for.  J.  J. 

Lingane. . .  332 

Electron  Microscope.  See  Microscope. 

a-Eleostearic  Acid  Determination  in  Freshly  Extracted  Tung  Oil  by 
Spectrophotometry.  R.  T.  O’Connor,  D.  C.  Heinzelman,  A.  F. 

Freeman,  and  F.  C.  Pack .  467 

Emission  Spectrometry,  Analytical  Applications  of.  J.  R.  Churchill.  .  66 

Engine  Oil  Corrosivity  Measured  after  Use.  R.  G.  Larsen,  F.  A.  Arm- 

field,  and  L.  D.  Grenot .  19 

Engines,  Lubricating  Oil  Deterioration  in.  Evaluation  of  Factors. 

R.  E.  Burk,  E.  C.  Hughes,  W.  E.  Scovill,  and  J.  D.  Bartleson .  302 

Enzyme  for  Riboflavin  Determination.  Lawrence  Rosner,  Evelyn  Ler- 

ner,  and  H.  J.  Cannon .  778 

Ether.  See  following  items. 

Ethyl  Ether  Determination  in  Gas  Containing  Ethylene,  and  Deter¬ 
mination  of  Dissolved  Ethylene  in  Ether.  C.  C.  Meloche  and  W.  G. 

Fredrick .  795 

Ethyl  Ether,  Determination  of  Gas  Dissolved  in.  C.  C.  Meloche  and 

W.  G.  Fredrick .  796 

Ethylene  Determination  in  Ethyl  Ether,  and  Determination  of  Ether 
Vapor  in  Gases  Containing  Ethylene.  C.  C.  Meloche  and  W.  G. 

Fredrick .  795 

Ethylene  Determination  with  Mercuric  Sulfate-Sulfuric  Acid  Reagent. 

A.  W.  Francis  and  S.  J.  Lukasiewicz .  703 

Evaporator  of  Rapid  Laboratory  Type.  K.  S.  Kemmerer. . .  466 

Explosive-Detonator  Initiating  Efficiency  Determined  by  Miniature 

Cartridge  Test.  R.  L.  Grant  and  J.  E.  Tiffany .  13 

Explosive.  Lead  and  Sodium  Azide  Assaj's  by  Cerate  Oxidimetry. 

J.  W.  Arnold .  215 

Extinction  Coefficients  of  Spectrophotometric  Standards.  J.  M. 

Vandenbelt,  Jean  Forsyth,  and  Ann  Garrett .  235 

Extractors 

Liquid-Liquid,  Small  Continuous  Type  of.  M.  Wayman  and  G.  F. 

Wright .  55 

for  Low-Pressures.  V.  L.  Frampton  and  F.  K.  Giles .  674 

for  Reduced  Pressure  Use.  W.  F.  Barthel .  53 


F 

Fats 

Analysis  of  Commercial  Fats,  Report  of  A.C.S.  Committee  on.  V.  C. 
Mehlenbacher  etjal . .  336 


Determination  in  Meat  and  Meat  Products.  R.  B.  Oesting  and  I.  P. 

Kaufman . 

Oxygen  Absorption  Rate  Determination.  M.  H.  Menaker,  M.  L. 

Shaner,  and  H.  O.  Triebold . 

Fatty  Acids,  Hydroxyl  Determination  in,  by  Macro-  and  Semimicro- 

methods.  C.  L.  Ogg,  W.  L.  Porter,  and  C.  O.  Willits . 

Feces,  Metallic  Element  Determination  in,  by  Spectrography.  J.  K. 

Brody  and  D.  T.  Ewing . . . ' 

Feeding  Device  for  Liquids  at  Specified  Rates.  Harvey  Diehl  and  Clif¬ 
ford  Hach . 

Feeds.  Riboflavin  Determination  in  Low-Potency  Feeds.  S.  H. 

Rubin,  E.  De  Ritter,  R.  L.  Schuman,  and  J.  C.  Bauernfeind.  . 
Feeds,  Vitamin  A  Estimation  in,  by  Chromatography.  M.  L.  Cooley, 

J.  B.  Christiansen,  and  C.  H.  Schroeder . \ 

Fermentation 

Liquors,  Itaconic  Acid  Determination  in.  Morris  Friedkin . 

“Percentage  Concentration’’  of  Mash  or  Beer1,  Converted  to  Gal- 

lonage.  E.  M.  Burdick  and  Julian  Corman . 

d-Xylose  Microdetermination  by.  L.  E.  Wise  and  J.  W.  Appling 
Ferrous  Sulfate.  See  Iron  Sulfate. 

Fertilizers,  Potash  Determination  in.  H.  L.  Mitchell  and  O.  W.  Ford. 
Films.  See  Paint  and  Varnish. 

Filtrate  Sample  Removal  without  Interrupting  Suction.  M.  S.  Telang 
Fischer  Method.  See  Water  Determination. 

Fish  Liver  Oils 

U.S.P.  Reference  Cod  Liver  Oil  as  Standard  in  Vitamin  A  Assay. 

E.  C.  Callison  and  Elsa  Orent-Keiles . 

Vitamin  A  Analysis  in.  H.  M.  Kascher  and  J.  G.  Baxter . 

Vitamin  A  Spectrophotometric  and  Colorimetric  Methods  Correlated 
with  Multiple-Level  Bioassays.  B.  L.  Oser,  Daniel  Melnick, 

Morton  Pader,  Roslyn  Roth,  and  Mona  Oser . 

F  ame  Photometry.  Rapid  Procedure  for  Alkali  Metals.  R.  B. 

Barnes,  David  Richardson,  J.  W.  Berry,  and  R.  L.  Hood . 

Flowmeter  for  Hydrogen  Fluoride  Gas.  W.  S.  Peterson . 

Fluoride  Determination  in  Water  by  Zirconium-Alizarin  Method. 

W.  L.  Lamar . 

(See  also  following  item.) 

Fluorine  Determination  in  Hydrocarbons  by  Thorium  Nitrate  Titra¬ 
tion  of  Fluoride.  M.  P.  Matuszak  and  D.  R.  Brown . 

Fluorine  Separation  in  Multiple  Still.  H.  V.  Churchill . 

Fluorophotometry,  Nonfluorescent  Lubricant  for.  Arnold  Ivoff  and 

Michael  Frederick . 

Fluosilicic  Acid  Determination  in  Hydrofluoric  Acid  by  Photometric 

Method.  G.  N.  Cade . 

Food 

Canned,  Nutritive  Value  of 

Ascorbic  Acid  Determination  in  Fresh  Green  Peas.  M.  G.  Vavich, 

R.  M.  Stern,  and  N.  B.  Guerrant . 

Vitamin  Contents  by  Different  Methods  of  Assay.  N.  B.  Guer¬ 
rant,  M.  G.  Vavich,  and  O.  B.  Fardig . 

Dehydrated,  Equilibrium  Humidity  Measurement  of.  J.  F.  Vincent 

and  K.  E.  Bristol . 

Metallic  Element  Determination  in,  by  Spectrography.  J.  K.  Brody 

and  D.  T.  Ewdng . 

Riboflavin  Determination  in  Low-Potency  Food.  S.  H.  Rubin,  E. 

De  Ritter,  R.  L.  Schuman,  and  J.  C.  Bauernfeind . 

Water  Determination  in  Dry  Materials  by  Fischer  Volumetiic 

Method.  C.  M.  Johnson . 

(See  also  individual  food.) 

Formaldehyde  Microdetermination  by  Spectrophotometric  Method. 

C.  E.  Bricker  and  H.  R.  Johnson . 

Fractionating  Columns 

Assembly  of  Versatile  Type.  Floyd  Todd . 

Automatic,  for  Laboratory.  V.  C.  Smith,  A.  L.  Glasebrook,  C.  R. 

Begeman,  and  W.  G.  Lovell . 

Distilling  Head  for.  B.  G.  Zimmerman . 

Packing  Support  for.  J.  R.  Long . 

Freezing  Point  Cell,  Current  Interrupter  for.  H.  S.  Booth  and  D.  R. 

Martin . 

Fruit,  Sulfur  Dioxide  Determination  in.  J.  D.  Ponting  and  Gestui 

Johnson . 

Fruit,  Vitamin  C  Determination  in,  by  Polarography.  W.  S.  Gillam 
Funnel,  Dropping  Type  of.  Milton  Orchin . 
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Gage  for  Vacuum  Measurement,  McLeod  Type  of.  E.  W.  Flosdorf .  .  198 

Gamma  Number  Determination  of  Viscose.  H.  L.  Barthelemy  and 

Loveleen  Williams .  624 

Gases 

Absorber.  Application  to  Butadiene  Determination.  P.  J.  Elving 

and  T.  L.  Stein .  722 

Absorption  Cell  for  Beckman  Quartz  Spectrophotometer.  N.  D. 

Coggeshall .  513 

Analyzer,  of  Scholander,  Oxygen-Absorbing  Solution  for.  C.  D. 
Stevens,  Paul  Van  Fossen,  J.  K.  Friedlander,  B.  J.  Rattermunn, 

and  Masahiro  Inatome .  598 

Carbon,  Hydrogen,  and  Chlorine  Determination  in,  with  Microtrain. 

E.  W.  Balis,  H.  A.  Liebhafsky,  and  L.  B.  Bronk .  56 

Circulating  Pump  of  Automatic  Type.  J.  H.  Simons,  T.  J.  Brice, 

and  W.  H.  Pearlson .  404 

Circulating  Pump  at  Constant  Volume.  I.  E.  Puddington .  592 

Delivery  Tube  and  Stirrer.  R.  R.  Russell  and  C.  A.  Vanderwerf.  .  269 

Determination  Dissolved  in  Volatile  Liquids  Such  as  Ether.  C.  C. 

Meloche  and  W.  G.  Fredrick .  796 

Ether  Vapor  Determination  in  Mixtures  Containing  Ethylene. 

C.  C.  Meloche  and  W.  G.  Fredrick .  795 

Hydrocarbons,  Oxygen  Determination  in.  Karl  Uhrig,  F.  M.  Rob¬ 
erts,  and  Harry  Levin .  31 

Hydrocarbons,  Water  Determination  in.  Harry  Levin,  Karl  Uhrig, 

and  F.  M.  Roberts .  212 

Manometer  for  Measuring  Small  Pressure  Changes  in  Reactions  of. 

D.  J.  LeRov . 652 

Natural,  Helium-Group  Gases  Determined  in.  G.  H.  Cady  and 

H.  P.  Cady . 760 

Thermobarometer  for  Converting  Volumes  into  Weight.  Ernst  Berl, 

W.  G.  Berl,  and  G.  A.  Sterbutzel .  166 

Gasoline 

Aromatic  Determination  in,  by  Specific  Dispersion.  Correction  for 

Olefins.  Sigurd  Groennings .  361 

Hydrogen  Determination  in,  by  Lamp  Method.  S.  G.  Hindin  and 

A.  V.  Grosse .  767 

Metal  Performance  in,  Predicted  by  Tests.  D.  W.  Sawryer  and  R.  B. 

Mears .  1 


Tetraethyllead  Determination  in,  by  Direct  Evaporation.  Louis 

Lykken,  R.  S.  Treseder,  F.  D.  Tuemmler,  and  Victor  Zahn .  3o3 

Water  Determination  in.  O.  T.  Aepli  and  W.  S.  W.  McCarter.  ..  .  316 

Gelatin  Dessert  Jellies,  Determination  of  Jelly  Strength  of.  F.  L.  De- 

Beukelaer,  O.  T.  Bloom,  and  J.  T.  DeRose . ; . .  64 

Gelatin,  Glycerol  Determination  in.  C.  J.  Wessel,  S.  W.  Drigot,  and 
G.  W.  Beach .  440 

Qla8S  ^  pp  AT^  AHTTTfl 

Distillation  Column  with  Perforated  Plates.  W.  M.  Langdon  and 

D.  J.  Tobin .  |01 

Sintered  Valves.  R.  C.  Taylor  and  W.  S.  Young .  811 

Stirrer.  R.  P.  Yeek . .  ...  ■  601 

Glycerol  Determination  in  Presence  of  Gelatin.  C.  J.  Wessel,  S.  W. 

Drigot,  and  G.  W.  Beach . 440 

Glycosides,  Acetyl  Microdetermination  in  Acetates  of.  R.  A.  Clarke 

and  B.  E.  Christensen . : . .  334 

Glycosides,  Hydroxyl  Microdetermination  in.  B.  E.  Christensen  and 

R.  A.  Clarke . ■••■••••••••  265 

Goniometry  in  Crystal  Identification  with  Microscope.  J.  D.  H.  Don- 

nay  and  W.  A.  O’Brien . . .  693 

Granular  Material,  Sampling  Thief  for.  C.  F.  Booth .  272 

Grease.  See  Lubricants.  , 

Grignard  Reagent  in  Pyridine  for  Determination  of  Active  Hydrogen. 

R.  A.  Lehman  and  Helen  Basch . . 428 

GR-S.  See  Buna  S. 


Radioactive.  Purification,  Electroplating,  and  Analysis.  P.  F. 

Hahn .  45 

(See  also  Steel.) 

Iron  Sulfate  (FeSO.i),  Chlorate  Determination  in  Caustic  Soda  Solutions 

by  Reduction  with.  Dwight  Williams .  533 

Iron  Sulfate  (FeSCD  Solutions,  Indirect  Stabilization  of.  F.  R.  Duke  530 
Isobutane.  See  Butane. 

Isopentane.  See  Pentane. 

Itaconic  Acid  Determination  in  Fermentation  Liquors.  Morris  Friedkin  637 


Jars,  Shallow,  Determination  of  Capacity  of.  E.  R.  Caley .  442 

Jelly  Strength  Determination  of  Gelatin  Dessert  Jellies.  F.  L.  De- 

Beukelaer,  O.  T.  Bloom,  and  J.  T.  DeRose .  64 

Joints,  Oil-Sealed  Spherical,  for  High-Vacuum  Application.  C.  E. 
Thorp  and  H.  L.  Landay... .  741 


K 


Kjeldahl  Method.  See  Nitrogen. 

Krypton  plus  Xenon  Determined  in  Natural  Gases  and  in  Atmosphere. 

G.  H,  Cady  and  H.  P.  Cady.'. .  760 


H 


Ham,  Canned,  Vitamin  Content  by  Different  Methods  of  Assay. 

N.  B.  Guerrant,  M.  G.  Vavich,  and.  O.  B.  Fardig . 

Helium-Group  Gases  Determined  in  Natural  Gases  and  in  Atmosphere. 

G.  H.  Cady  and  H.  P.  Cady . 

Hemicellulose.  See  Cellulose. 

Heptanes,  Ternary  Mixtures  of  Three  Isomers  Analyzed.  V.  A.  Miller 
Hexanes,  Ternary  Mixtures  of  Three  Isomers  Analyzed.  V.  A.  Miller 
Hirschsohn  Reagent  as  Color  Microtest  for  Oils  and  Resins.  H.  C. 

Brinker . 

Humidity.  See  Water. 

Htdbocakbons 

Aluminum  Chloride  and  Hydrochloric  Acid  Determination  in  Streams 

of.  Walter  Green  and  S.  R.  Baker . . . 

Cyclopropane-Propylene  Mixtures  Analyzed  by  Selective  Hydro¬ 
genation.  E.  S.  Corner  and  R.  N.  Pease . 

Fluorine  and  Sulfur  Determination  in.  M.  P.  Matuszak  and  D.  R. 

Brown . . . . . 

Gases,  Oxygen  Determination  in.  Karl  Uhrig,  F.  M.  Roberts,  and 

Harry  Levin . .•  •  •  •; . . 

Gases,  Water  Determination  in.  Harry  Levin,  Karl  Uhrig,  and 

F.  M.  Roberts . 

Liquid,  Distillation  at  Atmospheric  Pressure.  H.  J.  Hepp  and  D.  E. 


Liquid,  Hydrogen  Determination  in,  by  Lamp  Method.  S.  G.  Hin- 

din  and  A.  V.  Grosse . . . 

Silicon  Tetrafluoride  Determination  in,  by  Colorimetry.  G.  N. 

Cade . . . .■ 

Hydrochloric  Acid  Analysis  as  Recovery  Acid  by  Spectrographic 

Method.  Thomas  Whitehead,  Jr.,  and  E.  V.  Williams . 

Hydrochloric  Acid  Determination  in  Hydrocarbon  Streams.  Walter 

Green  and  S.  R.  Baker . 

Hydbofluobic  Acid 

Anhydrous  Gaseous,  Flowmeter  for.  W.  S.  Peterson . 

Fluosilicic  Acid  Determination  in,  by  Photometric  Method.  G.  N. 


-Nitric  Acid  Pickling  Bath  for  Stainless  Steel  Analyzed.  W.  E. 

McKee  and  W.  F.  Hamilton . 

Hydbogen  Deteemination 

of  Active  H  with  Grignard  Reagent  in  Pyridine.  R.  A.  Lehman  and 

Helen  Basch . . 

in  Closed  Absorption  Tube  by  Micromethod.  Alois  Langer. ...... 

in  Gaseous  Compounds  with  Microtrain.  E.  W.  Balis,  H.  A.  Lieb- 

hafsky,  and  L.  B.  Bronk . . 

Industrial  Laboratory  Setup  for  Micromethod.  A1  Steyermark.  .  . . 
in  Liquid  Organic  Compounds  by  Lamp  Method.  S.  G.  Hindin  and 

A.  V.  Grosse . 

in  Magnesium  Alloys.  E.  G.  Bobalek  and  S.  A.  Shrader . 

in  Organic  Compounds  by  Micromethod.  R.  O.  Clark  and  G.  H. 

Stillson . .••••■. . 

Hydrogen  Fluoride.  See  Hydrofluoric  Acid. 

Hydrolyzate  Solutions  Assessed  for  Nutrition.  A.  J.  Mueller . 

Hydroxyl  Determination  in  Fatty  Acids  and  Alcohols  by  Macro-  and 
Semimicromethods.  C.  L.  Ogg,  W.  L.  Porter,  and  C.  O.  Willits.  . . . 
Hydroxyl  Microdetermination  in  Sugars  and  Glycosides.  B.  E.  Chris¬ 
tensen  and  R.  A.  Clarke . . 


710 

760 

5. 

566 

130 

351 

564 

100 

31 

212 

579 

767 

487 

490 

351 

54 

372 

310 

428 

266 

56 

523 

767 

544 

520 

639 

394 

265 


I 


Infrared  Radiation  for  Aniline  Point  Determination.  H.  T.  Hopkins .  . 
Insecticides.  Petroleum  Oil  Spray  Deposits  Determined  on  Citrus 

Leaves.  J.  B.  Redd . 

(See  also  DDT.) 

Insulating  Oil,  Water  Determination  in 

M.  M.  Acker  and  H.  A.  Frediani . 

O.  T.  Aepli  and  W.  S.  W.  McCarter . . . . 

Iodine  Determination  in  Thyroid  by  Cerate  Oxidimetry.  D.  T.  Englis 

and  A.  A.  Knoepfelmacher . .  . . .  •  . . 

Iodine  Number  Determinations.  Stability  of  Wijs  Solution  in  Tropics. 

Reginald  Child . 

Ibon 

Determination 

in  Aluminum  Alloys.  I.  M.  Kolthoff  and  George  Matsuyama. .  . 
in  Phosphate  Coatings,  Simultaneously  with  Zinc.  Jacob  Kna- 

nishu  and  Thomas  Rice . .  •  •  -  • 

in  Presence  of  Cobalt  by  Two-Component  Colorimetric  Method. 

E.  A.  Brown . •■••••••••••• 

in  Recovery  Acid  by  Spectrography.  Thomas  Whitehead,  Jr., 

and  E.  V.  Williams . .  •  •  •  • 

Dilution  Factor  in  Spectrochemical  Analysis.  C.  B.  Post,  D.  G. 

Schoffstall,  and  George  Hurley . . ■■••••  •  •  . . 

Molybdenum  Determination  in,  by  Colorimetry.  Mitchell  Kapron 

and  P.  L.  Hehman . . . •  ■  •  — . 

Nickel  Microdetermination  in  Presence  of  Excess  of.  Emanuel 
Passamaneck . 
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Laboratories,  Modern.  Rubber  Testing  in  Amazon  Valley.  Norman 

Bekkedahl  and  F.  L.  Downs.  . . .  459 

Lactobacillus  arabinosus  1 7-5  for  Microassay  of  Pantothenic  Acid.  E.  H. 

Hoag,  H.  P.  Sarett,  and  V.  H.  Cheldelin . . •  •  •. .  60 

Lactose  Estimation  in  Binary  Mixture  with  Sucrose.  Application  to 

Condensed  Milk.  H.  H.  Browne .  623 

Lead  Azide  Assay  by  Cerate  Oxidimetry.  J.  W.  Arnold . . .  215 

Lead  Detebiiination 

in  Aluminum  Alloys.  I.  M.  Kolthoff  and  George  Matsuyama .  615 

in  Smelter  Products  by  Polarography.  William  Hered  and  G.  R. 

Hered .  780 

in  Steel  by  Colorimetry.  L.  G.  Bricker  and  K.  L.  Proctor . .  511 

Lead,  Tetraethyl-,  Determination  in  Gasoline  by  Direct  Evaporation. 

Louis  Lykken,  R.  S.  Treseder,  F.  D.  Tuemmler,  and  Victor  Zahn.  .  353 

Light  Absorption  Spectrometry.  M.  G.  Mellon . .  81 

Lime  Determination  in  Calcium  Arsenate  with  Calomel.  L.  N.  Mark- 

wood,  H.  D.  Mann,  and  R.  H.  Carter .  570 

Liquids 

Dielectric  Properties,  Cell  for  Determination  of.  L.  J.  Berbench.  .  582 

Extractor,  Small  Continuous  Liquid-Liquid  Type  of.  M.  Way  man 

and  G.  F.  Wright . .  • _•••••••  •  ■•  •  •  •  •  5 5 

Feeding  Device  for  Specified  Rates.  Harvey  Diehl  and  Clifford 

Hach . . . X  : 

Pump  of  Magnetic  Type  for  High-Vacuum  System.  G.  D.  Oliver, 

W.  G.  Bickford,  S.  S.  Todd,  and  P.  J.  Fynn .  158 

Sampling  by  Vacuum.  W.  J.  McBride  and  L.  N.  Preston . .  672 

Vapor  Pressure  Determination  of  One  Drop  of  Pure  Liquid.  Samuel 

Natelson  and  J.  L.  Zuckerman . :  *  •  ■  w  X  ‘-i*  Y  *  i.’  *  *  *  j 

Volatile,  Determination  of  Dissolved  Gases  in.  C.  C.  Meloche  and 

W.  G.  Fredrick . . . • . . . •••••••;••  796 

Lithium  Determination  in  Silicates  Containing  Sodium  and  Potassium. 

Rogers  and  Caley  Method.  F.  R.  Bacon  and  D.  T.  Starks .  230 

Lubricants 

Grease  for  Fluorophotometry,  Nonfluorescent  Type  of.  Arnold 

Koff  and  Michael  Frederick .  745 

Bearing  Corrosion  Characteristics.  C.  M.  Loane  and  J.  W.  Gay- 

. . . .  89 

Bearing  Corrosion  Investigated  in  Laboratory  Machine.  S.  K. 

Talley,  R.  G.  Larsen,  and  W.  A.  Webb . •  •  •  •  168 

Corrosivity  Measurement  after  Use.  R.  G.  Larsfen,  F.  A.  Arm- 

field,  and  L.  D.  Grenot . . . .  19 

Deterioration  in  Engines,  Evaluation  of  Factors  in.  R.  E.  Burk, 

E.  C.  Hughes,  W.  E.  Scovill,  and  J.  D.  Bartleson . .  302 

Metal  Performance  in,  Predicted  by  Tests.  D.  W.  Sawyer  and 

R.  B.  Mears . -  1 

Water  Determination  in.  M.  M.  Acker  and  H.  A.  Frediani .  7yo 

Lundeg&rdh  Burner.  See  Burner. 
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MacMichael  Viscometer.  See  Viscometer, 

Magnesium 

Alloys 

Hydrogen,  Carbon,  and  Nitrogen  Determination  in.  E.  G.  Boba¬ 
lek  and  S.  A.  Shrader . . .  S44 

Spectrographic  Analysis.  B.  L.  Averbach. . . •  .  :  •  •  ■  •  341 

Zinc  Determination  in.  T.  F.  Boyd,  George  Norwitz,  and  Sidney 

Weinberg . ^ 

Determination  in  Water  as  Total  Hardness.  Abraham  Saifer  and 

F.  D.  Clark .  . •• -. . 757 

Magnesium  Chloride,  Boron  Microdetermination  in  Solutions  oi. 

A.  E.  Ruehle  and  D.  A.  Shock. .  .  . .  4““ 

Manganese  Bronze  Analysis.  Harold  Ravner .  41 

Manganese  Deteemination  ,  ^  __  ,  ,  „„ 

in  Caustic  Soda.  Dwight  Williams  and  R.  V.  Andes. ....... ... ...  28 

Dilution  Factor  in  Spectrochemical  Analysis.  G.  B.  lost,  U.  Lr. 

Schoffstall,  and  George  Hurley . . .  412 

in  Magnesium  Alloys  by  Spectrography.  B.  L.  Averbach.  . .  341 

Mannitol,  Boric  Acid  Titration  in  Presence  of.  Max  Hollander  and 

William  Rieman  III .  ”02 

Manometees  .  .  I  1Q1 

Ampoule  Testing  with  Manometnc  Apparatus.  A1  SteyermarE  ...  lyi 
Automatic  Differential,  for  Small  Pressure  Changes.  D.  J.  LeKoy.  b52 

Barometer-Manometer  for  Distillation.  G.  R-  Robertson .  238 

Mercury  U-Tube  Type.  Jesse  Werner. ..... .  .  . . .  •  •  •  • 

Mash  “Percentage  Concentration”  Converted  to  Gallonage.  E.  J«. 

Burdick  and  Julian  Corman . .  •  ■  - - - j 

Mass  Spectrometry.  H.  W.  Washburn,  H.  F.  Wiley,  S.  M.  Rock,  and  ^ 

Meat^FM^Determination  in.  R.  B.  besting  and  I.  P.  Kaufman .  125 

Media  Dispenser,  Automatic.  A._A.  Andersen. . . .  •  •  •  •  . .  ’63 

Medicine.  Micromethods  in  Clinical  Laboratories.  A.  E.  Sobel. . . . .  243 

Mercaptan  Estimation  by  Titration  with  Copper  Alkyl  Phthalates. 
Ernest  Turk  and  E.  E.  Reid . 


Mercurous  Chloride  (Calomel)  for  Base  Determination.  Application 
to  Lime  in  Commercial  Calcium  Arsenate.  L.  N.  Markwood,  H.  D. 

Mann,  and  R.  H.  Carter .  570 

Mercury  Manometer.  Jesse  Werner . .  805 

Metallo-organic  Complexes  in  Organic  Analysis.  F.  R.  Duke 

Alcohol  Determinations .  572 

Amine  Determinations .  196 

Metals 

Carbon  Determination  in,  in  Minute  Quantities.  J.  K.  Stanley  and 

T.  D.  Yensen .  699 

Corrosion  Laboratory  Tests  Reviewed.  R.  M.  Burns.  . .  299 

Nonmagnetic,  Instrument  for  Measuring  Paint  Film  Thickness  over. 

A.  L.  Alexander,  Peter  King,  and  J.  E.  Dinger .  389 

Performance  under  Service  Conditions  Predicted  by  Tests.  D.  W. 

Sawyer  and  R.  B.  Mears .  1 

Separation  by  Electrolysis.  Automatic  Apparatus  at  Controlled  Po¬ 
tential.  J.  J.  Lingane . ;•■•••  332 

Spectrographic  Analytical  Data  Evaluated.  H.  V.  Churchill  and 

J.  R.  Churchill . .  •  •  •  751 

Methionine  Determination  in  Protein.  W.  C.  Hess  and  M.  X.  Sullivan  717 
Methyl  Bromide  Determination  in  Air  by  Continuous  Method. 

Dwight  Williams,  G.  S.  Haines,  and  F.  D.  Heindel.  .  . . .  289 

Methyl  Bromide  Determination  in  Air  in  Low  Concentrations.  Dwight 

Williams . _ .  295 

Methyl  Ester  Determination  of  Pectin.  C.  H.  Hills,  C.  L.  Ogg,  and 

Rudolph  Speiser . •* . _ .  507 

iV^-Methylnicotinamide  Estimation  in  Urine  by  Rapid  Field  Method. 

R.  E.  Johnson,  Frederick  Sargent,  P.  F.  Robinson,  and  F.  C.  Conso- 

lazio .  384 

Methyl  Yellow  Indicator  for  Sodium  Carbonate  Titration.  W.  R. 

Carmody . •  •  •  • .  141 

Microchemistry,  Quantitative,  in  Clinical  Laboratories.  A.  E.  Sobel .  .  242 

Microgram  Sample  Titration.  A.  G.  Loscalzo  and  A.  A.  Benedetti- 

Pichler .  187 

Microscope,  Electron,  in  Chemical  Microscopy.  E.  A.  Gulbransen, 

R.  T.  Phelps,  and  Alois  Langer . 646 

Microscope,  Electron,  Pigment  Study  by  Light  and.  D.  G.  Brubaker  184 
Microscope  Goniometry  in  Crystal  Identification.  J.  D.  H.  Donnay 

and  W.  A.  O’Brien . 593 

Microscopical  Crystalline  Data,  Recommended  Practice  for  Reports 

in  A.C.S.  Publications.  C.  W.  Mason  et  al .  603 

Microvessel  for  Polarographic  Analysis.  Alois  Langer. . .  454 

Milk,  Condensed,  Estimation  of  Sucrose  and  Lactose  in.  H.  H. 

Browne .  623 

Mixing.  See  Agitation. 

Moisture.  See  Water. 

Molybdenum  Determination 

Dilution  Factor  in  Spectrochemical  Analysis.  C.  B.  Post,  D.  G. 

Schoffstall,  and  George  Hurley . .  412 

in  Iron  and  Steel  by  Colorimetry.  Mitchell  Kapron  and  P.  L.  Heh- 

man.... . 573 

with  Titanium  and  Vanadium  Simultaneously.  Alfred  Weissler.  .  .  695 

Monier-Williams  Method.  See  Sulfur  Dioxide. 
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Naphtha,  Water  Determination  in.  O.  T.  Aepli  and  W.  S.  W.  Mc¬ 
Carter . . . .  316 

Naphthalene,  Sulfur  Determination  in.  J.  A.  Hinckley,  Jr.,  M.  C. 

Wilson,  Harriet  McKnight,  and  B.  B.  Corson .  642 

Natural  Gas.  See  Gases. 

Naval  Stores  Products,  Moisture  Determination  in,  by  Fischer  Method. 

V.  E.  Grotlisch  and  H.  N.  Burstein .  382 

Neon  plus  Helium  Determined  in  Natural  Gases  and  in  Atmosphere. 

G.  H.  Cady  and  H.  P.  Cady .  760 

Neopentane.  See  Pentane. 

Nickel  Determination 

in  Aluminum  Alloys.  I.  M.  Kolthoff  and  George  Matsuyama .  615 

by  Colorimetric  Micromethod.  Emanuel  Passamaneck .  257 

Dilution  Factor  in  Spectrochemical  Analysis.  C.  B.  Post,  D.  G. 

Schoffstall,  and  George  Hurley . 412 

with  Dimethylglyoxime  by  Colorimetry.  A.  M.  Mitchell  with  M.  G. 

Mellon .  380 

in  Steel  and  Ore  by  Polarography.  P.  W.  West  and  J.  F.  Dean.  .  .  .  686 

Nicotine,  Nitrogen  Determination  in,  by  Kjeldahl  Method.  R.  L. 

Shirley  and  W.  W.  Becker . 437 

Nitrate  Determination  in  Boiler  Water  by  Brucine  Reagent.  C.  A. 

Noll .  426 

Nitrate  Determination  in  Silver  Plating  Baths.  Albert  Dolance  and 

P.  W.  Healy . 718 

Nitric  Acid-Hydrofluoric  Acid  Pickling  Bath  for  Stainless  Steel  Ana¬ 
lyzed.  W.  E.  McKee  and  W.  F.  Hamilton .  .  310 

Nitriles,  Nitrogen  Determination  in.  E.  L.  Rose  and  Henry  Ziliotto.  .  211 

Nitrogen  Determination 

Dumas  Apparatus  and  Recycle  Procedure.  Harry  Gonick,  D.  D. 

Tunnicliff,  E.  D.  Peters,  Louis  Lykken,  and  Victor  Zahn .  677 

by  Kjeldahl  Method 

Catalytic  Activity  of  Selenates  in.  R.  S.  Dalrymple  and  G.  B. 

Rung . 403 

Microdistillation,  Safe  Device  for.  Mario  Meneghini .  672 

in  Pyridine  Ring-Type  Compounds.  R.  L.  Shirley  and  W.  W. 

Becker . . . .  437 

Semimicrodetermination.  I.  A.  Kaye  and  Nathan  Weiner .  397 

Semimicrodetermination  in  Proteins  and  Their  Hydrolyzates. 
Raymond  Jonjiard.  (Correspondence,  A.  E.  Beet,  R.  Belcher, 

and  A.  L.  Godbert;  Jonnard,  746.) .  246 

in  Leaf  Tissue  by  Micromethod.  R.  H.  Cotton .  734 

in  Magnesium  Alloys.  E.  G.  Bobalek  and  S.  A.  Shrader .  544 

in  Nitriles.  E.  L.  Rose  and  Henry  Ziliotto. . . . .  211 

Nitrosocresol  for  Cobalt  Microdetermination  in  Biological  Materials. 

G.  H.  Ellis  and  J.  F.  Thompson .  254 

Nomographs . . .105,  167,  675 

Nutrition,  Assessment  of  Hydrolyzate  Solutions  for.  A.  J.  Mueller.  .  639 
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Oils 

Analysis  of  Commercial  Oils,  Report  of  A.C.S.  Committee  on. 

V.  C.  Mehlenbacher  et  al .  336 

Color  Microtest  Using  Hirschsohn  Reagent  for  Cholesterol.  H.  C. 

Brinker .  130 

Tung,  a-Eleostearic  Acid  Determination  in.  R.  T.  O’Connor,  D.  C. 

Heinzelman,  A.  F.  Freeman,  and  F.  C.  Pack .  467 


Vegetable,  7-Tocopherol  Determination  in.  G.  S.  Fisher .  224 

(See  also  Fish  Liver,  Insulating  Oil,  and  Lubricants.) 

Olefins 

Correction  for,  in  Determination  of  Aromatics  in  Cracked  Gasolines. 

Sigurd  Groennings .  361 

Determination  with  Mercuric  Sulfate-Sulfuric  Acid  Reagent.  A.  W. 

Francis  and  S.  J.  Lukasiewicz .  703 

(See  also  individual  olefin.) 

Ores 

Analysis  by  Spark  Spectra.  J.  R.  Churchill  and  R.  G.  Russell.  ...  24 

of  Nickel,  Polarographic  Determination  of  Nickel  in.  P.  W.  West 

and  J.  F.  Dean . 686 

Sphalerite  from  Sweden,  Microanalysis  of.  Anna-Greta  Hybbinette  654 
Organic  Compounds 

Carbon  and  Hydrogen  Microdetermination  in.  R.  O.  Clark  and 

G.  H.  Stillson .  520 

Liquid,  Hydrogen  Determination  in,  by  Lamp  Method.  S.  G.  Hin- 

din  and  A.  V.  Grosse .  767 

Metallo-organic  Complexes  in  Analyses  for.  *F.  R.  Duke 

Alcohol  Determinations .  572 

Amine  Determinations .  196 

Sulfur  Microdetection  in.  F.  L.  Hahn .  199 

Oven  for  Plasticizer-Volatility  Measurement  in  Polyvinyl  Chloride  and 

Chloride-Acetate  Copolymers.  D.  K.  Rider  and  J.  K.  Sumner.  .  . .  730 

Oxygen 

Absorbing  Solution  for  Scholander  Quick  Gas  Analyzer.  C.  D. 
Stevens,  Paul  Van  Fossen,  J.  K.  Friedlander,  B.  J.  Rattermann, 

and  Masahiro  Inatome .  598 

Absorption  by  Quantitative  Method.  Application  of  Acid-Chro- 

mous  Solutions.  H.  W.  Stone  and  E.  R.  Skavinski .  495 

Absorption  Rate  Determination.  Apparatus  for  Fats.  M.  H. 

Menaker,  M.  L.  Shaner,  and  H.  O.  Triebold .  518 

Determination  in  Hydrocarbon  Gases.  Karl  Uhrig,  F.  M.  Roberts, 

and  Harry  Levin .  31 

Dissolved,  Determination  by  Modified  Winkler  Method.  Richard 

Pomeroy  and  H.  D.  Kirschman .  715 

Ozonizer  for  Producing  Constant  Amount  of  Ozone.  F.  L.  Greenwood  446 


p 


Packing  Support  for  Fractionating  Columns.  J.  R.  Long .  197 

Paint 

Film  Thickness  Measured  over  Nonmagnetic  Metals.  A.  L.  Alex¬ 
ander,  Peter  King,  and  J.  E.  Dinger .  389 

Spraying  Test  Panels  with  Magnetic  Easel.  T.  H.  G.  Michael.  .  .  .  464 

(See  also  Pigments  and  Varnish.) 

Pantothenic  Acid  Microassay  with  Lactobacillus  arabinosus  17-6.  E.  H. 

Hoag,  H.  P.  Sarett,  and  V.  H.  Cheldelin .  60 

Paraffins 

Heptanes,  Ternary  Mixtures  of  Three  Isomers  Analyzed.  V.  A. 

Miller . . .  5 

Hexanes.  Ternary  Mixtures  of  Three  Isomers  Analyzed.  V.  A. 

Miller . . . . .  566 

Mass  Spectrometry  in  Analysis  of.  H.  W.  Washburn,  H.  F.  Wiley, 

S.  M.  Rock,  and  C.  E.  Berry .  74 

(See  also  individual  paraffin.) 

Peas,  Canned,  Ascorbic  Acid  Determination  in.  M.  G.  Vavich,  R.  M. 

Stern,  and  N.  B.  Guerrant . . .  531 

Peas,  Canned,  Vitamin  Content  by  Different  Methods  of  Assay.  N.  B. 

Guerrant,  M.  G.  Vavich,  and  O.  B.  Fardig .  710 

Pectin,  Methyl  Ester  Determination  in.  C.  H.  Hills,  C.  L.  Ogg,  and 

Rudolph  Speiser . . . . .  507. 

Penicillin  Sodium  Salt,  Water  Microdetermination  in.  G.  B.  Levy, 

J.  J.  Murtaugh,  and  Maurice  Rosenblatt .  193 

Pentanes,  Neo-  and  Iso-,  Determined  in  Refinery  Butanes.  L.  C. 

Jones,  Jr.,  R.  A.  Friedel,  and  G.  P.  Hinds*  Jr .  349 

Perbunan  Reclaim,  Color  Tests  for  Differentiating  Other  Polymers 

from.  H.  P.  Burchfield .  806 

Perchlorates,  Thermal  Decomposition  of.  G.  G.  Marvin  and  L.  B. 
Woolaver.  (Addendum,  766.)  (Correspondence,  W.  T.  Hall; 

Marvin,  816.) . 474 

Peroxide  Determination  in  Synthetic  Rubbers.  R.  F.  Robey  and  H.  K. 

Wiese .  425 

Petroleum 

Aromatic  Determination  in  Light  Distillates  by  Specific  Dispersion. 

H.  M.  Thorne,  Walter  Murphy,  and  J.  S.  Ball .  481 

Crude,  Light  Constituent  Analysis  by  Low-Temperature  Fractiona¬ 
tion.  R.  J.  As ke void  and  M.  S.  Agruss. .  241 

Drilling  Muds,  Cement  Determination  in.  R.  G.  Mihram  and 

Betty  Browm .  156 

Mass  Spectrometry  in  Refining  Applications.  H.  W.  Washburn, 

H.  F.  Wiley,  S.  M.  Rock,  and  C.  E.  Berry .  74 

Neopentane  Determination  in  Refinery  Butanes.  L.  C.  Jones,  Jr., 
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Nitrogen  Determination  in  Products  from,  by  Combustion.  Harry 
Gonick,  D.  D.  Tunnicliff,  E.  D.  Peters,  Louis  Lykken,  and  Victor 

Zahn . . . .  677 

Oil  Spray  Deposit  Determined  on  Citrus  Leaves.  J.  B.  Redd  .  ....  621 

Water  Determination  in  Liquid  Fractions  of.  O.  T.  Aepli  and 

W.  S.  W.  McCarter . . .  . .  316 

Waxes,  Classification  of.  Anthony  Kinsel  and  Joseph  Phillips .  152 

(See  also  Gasoline,  Hydrocarbons,  and  Lubricants.) 

Pharmaceuticals 

Ampoule  Testing  with  Manometric  Apparatus.  Al  Steyermark.  .  .  .  191 

Penicillin  Sodium  Salt,  Water  Microdetermination  in.  G.  B.  Levy, 

J.  J.  Murtaugh,  and  Maurice  Rosenblatt .  193 

Sulfonamide  Identification  by  Color  Tests.  A.  B.  Sample.  . .  151 

Vitamin  Availability  Determinations  in.  B.  L.  Oser,  Daniel  Mel- 

nick,  and  MelVin  Hochberg. . . . . .  .  .  .  405 

Phenols,  o-Cresol  Determination  in,  by  Cloud  Point  (Correction). 

P.  J.  C.  Haywood . 240 

Phenylalanine  Determination  in  Protein.  W.  C.  Hess  and  M.  X.  Sulli¬ 
van .  717 

2-Phenylazo-p-cresol  as  Vitamin  A  Photometric  Standard.  H.  R. 

Kreider .  694 

Phosphate  Coatings  on  Ferrous  Surfaces,  Iron  and  Zinc  Determination 

in.  Jacob  Knanishu  and  Thomas  Rice. .  444 

Phosphorus  Microdetermination  in  Leaf  Tissue.  R.  H.  Cotton.  .....  734 

Phosphorus  Spectrographic  Sensitivity  in  Direct  Current  Arc.  D.  P. 

Norman  and  W.  W.  A.  Johnson . 233 

Photometry.  Flame  Photometer  for  Alkali  Metal  Determination. 

R.  B.  Barnes,  David  Richardson,  J.  W.  Berry,  and  R.  L.  Hood .  .  .  .  605 

Pickling  Bath  for  Stainless  Steel.  Analysis  of  Hydrofluoric-Nitric 

Acid  Bath.  W.  E.  McKee  and  W.  F.  Hamilton .  310 


Particle  Study  by  Light  and  Electron  Microscopy.  D.  G.  Brubaker  184 
Titanium  Dioxide,  Alumina  Determination  in.  Irvin  Baker  and 

George  Martin .  488 

Ultramarine  Blue  Microscopic  Identification  in  Complex  Mixtures  of. 

I.  M.  Bernstein .  262 

Pipet  Washer.  J.  H.  Jordan,  Jr .  270 

Plant  Material  ,  ,  t. 

Chlorophyll  and  Carotene  Determination  by  Rapid  Method.  R.  B. 

Griffith  and  R.  N.  Jeffrey . . _•••••  448 

Cobalt  Microdetermination  in,  with  Nitrosocresol.  G.  H.  Ellis  and 

J.  F.  Thompson . _ . .  254 

Leaf  Tissue,  Microdetermination  of  Nitrogen,  Phosphorus,  and 

Potassium  in.  R.  H.  Cotton .  734 

Plasma.  See  Blood. 

Plasticizer  Volatility  in  Polyvinyl  Chloride  and  Chlonde-Acetate  Co¬ 
polymers  Measured  in  Oven.  D.  K.  Rider  and  J.  K.  Sumner. .  730 

Plastics,  Protein,  Water  Saturation  Determination  for.  E.  F.  Mellon  743 
(See  also  Resins.)  . 

Plastometer  of  Cutting-Wire  Type  for  Viscous  and  Plastic  Materials. 

L.  L.  Lyon  and  R.  D.  Void .  585 

Plating  Baths 

for  Brass,  Determination  of  Copper  and  Zinc  in.  A.  S.  Miceli  and 

R.  E.  Mosher . 377 

for  Silver,  Analysis  by  Electrometric  Method.  J.  N.  Gregory  and 

R.  R.  Hughan . ••••••  109 

for  Silver,  Determination  of  Nitrates  in.  Albert  Dolance  and  P.  W. 

Healy .  718 

POLAROGRAPHY 

Cell  of  Simple  Type.  J.  B.  Gisclard .  196 

Macro-  and  Microvessels  for.  Alois  Langer . ■  •  •  •  •  454 

Photoelectric  Recording  Polarograph  with  Unitized  Constant-Tem¬ 
perature  Cell  Assembly.  Louis  Lykken,  D.  J.  Pompeo,  and  J.  R. 

Weaver . 724 

Polymers,  High,  Isolated  by  Precise  Method.  F.  M.  Lewis  and  F.  R. 

Mayo . 134 

Polymers,  Unsaturated,  of  High  Molecular  Weight,  Vacuum  Drying 

Apparatus  for.  A.  R.  Kemp  and  W.  G.  Straitiff .  387 

Polyvinyl  Chloride  and  Vinyl  Chloride-Acetate  Copolymers,  Oven  for 
Measuring  Volatility  of  Plasticizers  for.  D.  K.  Rider  and  J.  K. 

Sumner . . . .  730 

Pore  Size.  See  following  item. 

Porous  Materials 

Pore-Size  Distribution  in.  H.  L.  Ritter  and  L.  C.  Drake 

Macropore  Size  Distributions  in  Typical  Substances .  787 

Pressure  Porosimeter  and  Determination  of  Complete  Macropore 

Size  Distribution . . .  . ... .  782 

Solids,  Apparatus  for  Density  Measurement  of.  K.  A.  Kneger .  .  . .  5 42 

Portland  Cement.  See  Cement.  , 

Potash  Determination  in  Fertilizers,  Factors  in.  H.  L.  Mitchell  and 

0.  W.  Ford .  n5 

Potassium  Determination 

by  Colorimetry.  M.  F.  Adams  and  J.  L.  St.  John.. . .  435 

with  Flame  Photometer.  R.  B.  Barnes,  David  Richardson,  J.  W. 

Berry,  and  R.  L.  Hood . 60o 

in  Leaf  Tissue  by  Micromethod.  R.  H.  Cotton . •  734 

in  Recovery  Acid  by  Spectrography.  Thomas  Whitehead,  Jr.,  and 

E.  V.  Williams .  490 

in  Silicates.  G.  G.  Marvin  and  L.  B.  Woolaver.  (Addendum,  766.) 

(Correspondence,  W.  T.  Hall;  Marvin,  816.) . - •  •  554 

in  Silicates  Containing  Lithium  and  Sodium.  F.  R.  Bacon  and  D.  T. 

Starks ....... . •  230 

Powder  Analysis  by  Quantitative  Spectrographic  Method.  E.  J .  Fitz 

£Lnd  W.  ]VI.  Murray .  14o 

Powder  Analysis  by  Spark  Spectra.  J.  R.  Churchill  and  R.  G.  Russell  24 
Precisions  Evaluated  and  Compared  by  Statistical  Methods.  John 

Mandel .  201 

Pressure.  See  Manometers  and  Vacuum.  , 

Propane  Determination  in  Refinery  Butanes.  L.  C.  Jones,  Jr.,  R.  A. 

Friedel,  and  G.  P.  Hinds,  Jr . . .  . . .  349 

Propylene-Cyclopropane  Mixtures  Analyzed  by  Selective  Hydrogena- 

tion.  E.  S.  Corner  and  R.  N.  Pease .  564 

Proteins 

Copper  Microdetermination  in,  with  Dropping-Mercury  Electrode. 

S.  R.  Ames  and  C.  R.  Dawson. . ...  . .  -  •  •  ...  •  .  249 

Hydrolyzate  Solutions  Assessed  for  Nutrition.  A.  J.  Mueller.  .  .  .  .  .  639 

Nitrogen  Semimicrodetermination  in,  and  Hydrolyzates  of.  Ray¬ 
mond  Jonnard.  (Correspondence,  A.  E.  Beet,  R.  Belcher,  and 

A.  L.  Godbert;  Jonnard,  746.) . . .  246 

Plastics,  Water  Saturation  Determination  for.  E.  F.  Mellon. .....  743 

Tryptophan,  Phenylalanine,  and  Methionine  Determination  in. 

W.  C.  Hess  and  M.  X.  Sullivan . •  •  ■  ■  •  •  . .  717 

Pulverizer  for  Small  Solid  Samples.  Louis  Lykken,  F.  A.  Rogers,  and 

W.  L.  Everson . 

Pumps 

for  Gas  Circulation,  Automatic  Type  of.  J.  H.  Simons,  T.  J.  Brice, 

and  W.  H.  Pearlson . ■••••■•  •  •  . .  404 

for  Gases,  of  Constant-Volume  Type.  I.  E.  Puddmgton. ...  ... .  . .  592 

for  Liquids  in  High-Vacuum  System.  G.  D.  Oliver,  W.  G.  Bickford, 

S.  S.  Todd,  and  P.  J.  Fynn . . .  . . . m.  ..........  158 

for  Oil  Diffusion  Vacuum  System,  Device  for  Automatic  Protection 

of.  T.  J.  Wang .  67U 

Pyreth'rin  Extractor  of  Reduced  Pressure  Type.  W.  F.  Barthel.  .....  53 

Pyrethrum,  Apparatus  for  Rapid  Removal  of  Solvents  in  Purification 

of.  W.  F.  Barthel  and  H.  L.  Haller . . .  529 

Pyridine-Grignard  Reagent  for  Determination  of  Active  Hydrogen. 

R.  A.  Lehman  and  Helen  Basch . . .  428 

Pyridine  Ring- Type  Compounds,  Nitrogen  Determination  in.  R.  L. 

Shirley  and  W.  W.  Becker .  437 


Quinoline,  Nitrogen  Determination  in,  by  Kjeldahl  Method.  R.  L. 

Shirley  and  W.  W.  Becker .  437 

R 

Radioactive  Iron  Procedures.  Purification,  Electroplating,  and 

Analysis.  P.  F.  Hahn .  010 

Raman  Effect  Studied  in  Fast  Grating  Spectrograph.  R.  F.  Stamm.  .  318 

Rare  Earths.  Therald  Moeller  and  H.  E.  Kremers 

Terbium  and  Yttrium  Earths  Separated  by  Double  Sodium  Sulfate 

Precipitation . •  •  •  •  • .  7qq 

Ytterbium  Extraction  with  Sodium  Amalgam . 


Rayon,  Viscose,  Determination  of  Total  Sulfur  and  Gamma  Number 

of.  H.  L.  Barth£lemy  and  Loveleen  Williams .  . .  624 

Reaction  Mixtures,  Apparatus  for  Adding  Solids  to.  Elijah  Swift,  Jr., 

and  J.  H.  Billman .  600 

Resins 

Color  Microtest  Using  Hirschsohn  Reagent  for  Cholesterol.  H.  C. 

Brinker . .••••. . .  130 

Softening  Point  Determination  by  Ring  and  Ball  Method.  V.  E. 

Grotlisch  and  H.  N.  Burstein .  476 

{See  also  Plastics.) 

Riboflavin  Determination 

in  Eggs  by  Fluorometric  Method.  W.  J.  Peterson,  R.  S.  Dearstyne, 

R.  E.  Comstock,  and  Virginia  Weldon . . •  .  .  ■  3 70 

in  Foods  and  Feeds  of  Low  Potency.  S.  H.  Rubin,  E.  De  Ritter, 

R.  L.  Schuman,  and  J.  C.  Bauernfeind .  136 

Free  and  Combined,  with  Enzjrme.  Lawrence  Rosner,  Evelyn 

Lerner,  and  H.  J.  Cannon .  778 

in  Urine  by  Rapid  Field  Method.  R.  E.  Johnson,  Frederick  Sargent, 

P.  F.  Robinson,  and  F.  C.  Consolazio .  384 

Rogers  and  Caley  Method.  See  Lithium. 

Roughness  Measurement.  See  Rugosimeter. 

Rubeanic  Acid  (Dithiooxamide)  for  Copper  Determination.  E.  J. 

Center  and  R.  M.  Macintosh . •  •  •  •  239 

Rugosimeter  for  Measuring  Surface  Roughness  of  Calendered  Sheet 

Rubber.  Melvin  Mooney .  314 

Rubber  .  _  _  .  _  , 

Butyl,  Determination  of  Unsaturation  in.  John  Rehner,  Jr.,  and 

Priscilla  Gray . .  •  •  •  367 

Latex  Variability  Tested  by  Tentative  Procedures  (Correction). 

R.  H.  Gerke . . . .  . . •  360 

Reclaim,  Color  Tests  for  Differentiating  Synthetic  and  Natural 

Polymers.  H.  P.  Burchfield .  ®06 

Sulfur  Determination  in.  C.  L.  Luke. . . .  298 

Surface  Roughness  Measured  in  Rugosimeter.  Melvin  Mooney.  .  .  514 

Synthetic,  Peroxide  Determination  in.  R.  F.  Robey  and  H.  K. 

. .  425 

Testing  Laboratory  in  Amazon  Valley.  Norman  Bekkedahl  and 

F.  L.  Downs . .  459 

Vacuum  Drying  Apparatus  for.  A.  R.  Kemp  and  W.  G.  Straitiff.  .  387 

Rum,  Caramel  Determination  in.  G.  E.  Mallory  and  R.  F.  Love.  .  .  .  631 

s 

Salmon,  Canned,  Vitamin  Content  by  Different  Methods  of  Assay. 

N.  B.  Guerrant,  M.  G.  Vavich,  and  O.  B.  Fardig . •  •  •  •  •  • 

Sampling  of  Liquids  and  Suspensions  by  Vacuum.  W.  J.  McBride  and 

L.  N.  Preston . . .  672 

Sampling  Thief  for  Hard  Granular  Material.  C.  F.  Booth .  272 

Scholander  Gas  Analyzer.  See  Gases.  . 

Selenates  as  Catalysts  in  Kjeldahl  Nitrogen  Method.  R.  S.  Dalrymple 

and  G.  B.  King . ••••••••• .  ^03 

Shallow  Jars,  Determination  of  Capacity  of.  E.  R.  Caley .  442 

Silica  Determination  Colorimetrically.  M.  F.  Adams. . ••••••-•  542 

Silicates,  Lithium  Determination  in,  Containing  Sodium  and  Potas- 

sium.  F.  R.  Bacon  and  D.  T.  Starks  . . . ^30 

Silicates,  Sodium  and  Potassium  Determination  in.  G.  G.  Marvin  and 

L.  B.  Woolaver.  (Addendum,  766.)  (Correspondence,  W.  T.  Hall; 

Marvin,  816.) . ;••••••••••••••  •  •  •  y  '  6^4 

Silicon  Determination  in  Low-Alloy  and  Stainless  Steels  by  Pnoto- 

metric  Method.  David  Rozental  and  H.  C.  Campbell..  . .  •  . .  222 

Silicon  Tetrafluoride  Determination  in  Hydrocarbons  by  Colorimetry. 

G.  N.  Cade . .  487 

Silicone  Lubricant  for  Fluorophotometry.  Arnold  Koff  and  Michael 

Frederick .  746 

Determination  of,  and  of  Silver  Halides  by  Sensitive  Colorimetric 

Test.  P.  S.  Baker  and  J.  H.  Reedy . •  •  . . 2°8 

Plating  Baths,  Nitrate  Determination  in.  Albert  Dolance  and  P.  W. 

Healy .  718 

Plating  Solution  Analysis  by  Electrometric  Method.  J.  N.  Gregory 

and  R.  R.  Hughan . . . •  •  . . ■  ■  •  •  •  —  \ ■  •  •  109 

Smelter  Products,  Lead  Determination  in,  by  Polarography.  William 

Hered  and  G.  R.  Hered . .  •  . 

Soap  Plastometer  of  Cutting-Wire  Type  for  Rheological  Measure- 

ments.  L.  L.  Lyon  and  R.  D.  Void .  685 

Sodium  Amalgam.  See  Amalgam.  01- 

Sodium  Azide  Assay  by  Cerate  Oxidimetry.  J.  W.  Arnold.  .  ...  .....  210 

Sodium  Carbonate,  Anhydrous,  as  Reference  Standard  in  Acidimetry. 

W.  R.  Carmody . •  ■  •  - •  •  •  :  ■  •  •  y  677 

Sodium  Carbonate,  Methyl  Yellow  Indicator  for  Direct  Titration  of. 

W.  R.  Carmody . 

Sodium  Determination  _  ^  . .  _.  ,  ,  T  w 

with  Flame  Photometer.  R.  B.  Barnes,  David  Richardson,  J.  W. 

Berry,  and  R.  L.  Hood . . . •  ■  •  •  •  y  '  '  ;  '  V . a  °U° 

in  Recovery  Acid  by  Spectrography.  Thomas  Whitehead,  Jr.,  and 

E.  V.  Williams . . . yk  yy  •■;•••  V22  ;  49U 

in  Silicates.  G.  G.  Marvin  and  L.  B.  Woolaver.  (Addendum,  766.) 

(Correspondence,  W.  T.  Hall;  Marvin,  816.)...  ..  .  ■  •  •  . . .  00 

in  Silicates  Containing  Lithium  and  Potassium.  F.  R.  Bacon  and 

D  T  Starks  . . . 

Sodium  Fluoride  Fluorescent  Bead  Test  for  Uranium  in  Minerals. 

M.  A.  Northup . : . 

Sodium  Hydroxide.  See  Caustic  Soda.  ,,  , 

Sodium  Sulfate,  Rare  Earth  Separation  with.  Therald  Moeller  and 

H.  E.  Kremers . .•••••  •  •  •. . .  •  •  • 

Softening  Point  Determination  of  Resins  by  Ring  and  Ball  Method. 

V.  E.  Grotlisch  and  H.  N.  Burstein . •  •  •  •••• . j  4/0 

Soil,  Cement  Determination  in  Mixtures  with.  R.  G.  Mihram  and 
Betty  Brown . 

Apparatus  for  Addition  of,  to  Reaction  Mixtures.  Elijah  Swift,  Jr., 

and  J.  H.  Billman . '  '  ou 

Apparatus  for  Vapor-Phase  Treatment  of,  on  Small  Scale.  Milton  ^ 

Porous, Apparatus  for  Density  Measurement  of.  K.  A.  Krieger  .  532 

Porous,  Distribution  of  Pore  Size  in.  H.  L.  Ritter  and  L.  C.  Dra^|2  7g7 

Pulverizing  and  Mixing  Apparatus  for  Preparing  Samples  for  Analy- 

sis.  Louis  Lykken,  F.  A.  Rogers,  and  W.L.  Everson...... .....  lib 

Solvents,  Apparatus  for  Rapid  Removal  of.  W  .  F.  Barthel  and  H.  L. 

Haller . :  ' 

Spectrometry  ,  .  ,  ,  ,  ■  n  n  r 

Dilution  Factor  in  Spectrochemical  Analysis.  C.  B.  Post,  U.  U. 
Schoffstall,  and  George  Hurley . 


Powder  Sample  Analysis  by  Quantitative  Method.  E.  J.  Fitz  and 

W.  M.  Murray .  145 

Semiautomatic  Devices  for.  R.  H.  Zachariason .  749 

Spectrochemical  Methods,  Symposium  on 

Emission  Spectrometry.  J.  R.  Churchill .  66 

Fast  Grating  Spectrograph  for  Studying  Raman  Effect.  R.  F. 

Stamm .  318 

■  Light  Absorption  Spectrometry.  M.  G.  Mellon. .  81 

Mass  Spectrometry.  H.  W.  Washburn,  H.  F.  Wiley',  S.  M.  Rock, 

and  C.  E.  Berry .  74 

Spectrometer  Calibration  with  Sintered-Glass  Valves.  R.  C.  Taylor 

and  W.  S.  Young . 811 

Spectrophotometer  of  Beckman  for  Determining  Extinction  Coef¬ 
ficients  of  Absorption  Standards.  J.  M.  Vandenbelt,  Jean  For¬ 
syth,  and  Ann  Garrett .  235 

Spectrophotometer  of  Beckman,  Gas  Cell  for.  N.  D.  Coggeshall.  .  513 

Statistical  Evaluation  of  Analytical  Data.  H.  V.  Churchill  and  J.  R. 

Churchill .  751 

Sphalerite  from  Kristineberg,  Sweden,  Microanalysis  of.  Anna-Greta 

Hybbinette .  654 

Spray  Residue,  DDT  Estimation  in.  F.  A.  Gunther .  149 

Spray  Residue  of  Petroleum  Oil  Determined  on  Citrus  Leaves.  J.  B. 

Redd . ; . . .  621 

Spraying  Test  Panels  with  Magnetic  Easel.  T.  H.  G.  Alichael .  464 

Starch  Determination  by  Rapid  Method.  Comparison  with  Acid  and 

Enzymic  Hydrolysis  Methods.  J.  P.  Nielsen  and  P.  C.  Gleason.  .  .  131 

Statistical  Methods 

for  Evaluating  Precision  and  Estimating  Accuracy.  JohnMandel..  201 
for  Evaluating  Spectrographic  Analytical  Data.  H.  V.  Churchill 

and  J.  R.  Churchill .  751 

Steel 

Aluminum  Determination  in,  Spectrochemieally.  Robert  Spiers, 

Philip  Fischer,  and  Kenneth  Proctor .  772 

Aluminum  Estimation  in,  by  Colorimetry.  C.  H.  Craft  and  G.  R. 

Makepeace.  (Correction,  386.) . 206 

Copper  Determination  in,  for  Foundry  Control.  F.  B.  Clardy,  J.  C. 

Edwards,  and  J.  L.  Leavitt .  791 

Corrosion-Resistant,  Colorimetric  Analysis  of 

Boron.  Sidney  Weinberg,  K.  L.  Proctor,  and  Oscar  Milner .  419 

Lead.  L.  G.  Bricker  and  K.  L.  Proctor .  511 

Titanium.  Oscar  Milner,  K.  L.  Proctor,  and  Sidney  Weinberg.  .  142 

Zinc.  L.  G.  Bricker,  Sidney  Weinberg,  and  K.  L.  Proctor .  661 

Dilution  Factor  in  Spectrochemical  Analysis.  C.  B.  Post,  D.  G. 

Schoffstall,  and  George  Hurley .  412 

Molybdenum  Determination  in,  by  Colorimetry.  Mitchell  Kapron 

and  P.  L.  Hehman .  573 

Nickel  Determination  in,  by  Polarography.  P.  W.  West  and  J.  F. 

Dean . 686 

Performance  under  Service  Conditions  Predicted  by  Tests.  D.  W. 

Sawyer  and  R.  B.  Mears .  1 

Silicon  Determination  in,  by  Photometry.  David  Rozental  and 

H.  C.  Campbell .  222 

Stainless,  Analysis  of  Hydrofluoric-Nitric  Acid  Pickling  Bath  for. 

W.  E.  McKee  and  W.  F.  Hamilton .  310 

Titanium  Determination  in,  by  Spectrophotometry.  Alfred  Weissler  775 
Still.  See  Distillation. 

Stirrer.  See  Agitators. 

Stopcock  Lubricant  for  Fluorophotometry.  Arnold  Koff  and  Michael 

Frederick .  745 

Styrene  Polymer  Isolation  by  Precise  Method.  F.  M.  Lewis  and  F.  R. 

Mayo .  134 

Styrene,  Recycled,  Determination  of  4-Vinyl-l-cyclohexene  (Butadiene 

Dimer)  in.  H.  A.  Laitinen,  A.  S.  O’Brien,  and  Stanley  Wawzonek .  .  769 

Sucrose  Estimation  in  Binary  Mixture  with  Lactose.  Application  to 

Condensed  Milk.  H.  H.  Browne .  623 

Sugars 

Acetyl  Microdetermination  in  Acetates  of.  R.  A.  Clarke  and  B.  E. 

Christensen .  334 

Hydroxyl  Microdetermination  in.  B.  E.  Christensen  and  R.  A. 

Clarke .  265 

Sucrose  and  Lactose  Estimation  in  Binary  Mixtures.  Application 

to  Condensed  Milk.  H.  H.  Browne .  623 

from  Wood,  Analysis  of.  J.  F.  Saeman,  E.  E.  Harris,  and  A.  A. 

Kline .  95 

of  Wood  and  Cellulose  Estimated  by  Quantitative  Method.  J.  F. 

Saeman,  J.  L.  Bubl,  and  E.  E.  Harris .  35 

d-Xylose  Microdetermination  by  Selective  Fermentation.  L.  E. 

Wise  and  J.  W.  Appling .  182 

Sulfamic  Acid  in  Copper  Electrodeposition.  Louis  Silverman .  270 

Sulfate,  Sulfur  Mierodeteetion  in  Insoluble  Type  of.  F.  L.  Hahn.  .  .  .  199 

Sulfonamide  Identification  by  Color  Tests.  A.  B.  Sample .  151 

Sulfur  Determination 

in  Hydrocarbons  in  Presence  of  Fluorine  by  Thorium  Nitrate  Titra¬ 
tion  of  Fluoride.  M.  P.  Matuszak  and  D.  R.  Brown .  100 

in  Insoluble  Sulfates  and  Organic  Compounds  by  Micromethod. 

F.  L.  Hahn . .• .  199 

in  Naphthalene.  J.  A.  Hinckley,  Jr.,  M.  C.  Wilson,  Harriet  Mc- 

Knight,  and  B.  B.  Corson .  642 

in  Rubber.  C.  L.  Luke .  298 

in  Viscose.  H.  L.  Barth41emy  and  Loveleen  Williams .  624 

Sulfur  Dioxide  Determination  in  Fruit.  J.  D.  Ponting  and  Gestur 

Johnson . , .  682 

Sulfur  Dioxide  Determination  by  Improved  Monier-Williams  Method. 

J.  B.  Thompson  and  Elizabeth  Toy .  612 

Suspensions  Sampled  by  Vacuum.  W.  J.  McBride  and  L.  N.  Preston . .  672 

Symposia 

Ammonia  Synthesis,  Analytical  Control  for .  273 

Spectrochemical  Methods  of  Analysis . 65,  318 


Terbium  Earths  Separated  from  Yttrium  Earths  by  Double  Sodium 

Sulfate  Precipitation.  Therald  Moeller  and  H.  E.  Kremers .  44 

Ternary  System  Analyses  by  Quantitative  Method.  V.  A.  Miller 

Heptane  Isomers .  5 

Hexane  Isomers .  566 

Tetraethyllead.  See  Lead,  Tetraethyl-. 

Thermobarometer.  See  Barometer. 

Thermometers,  Nomograph  for  Emergent  Stem  Correction  of.  W.  T. 

Somerville . 675 

Thermoregulator,  Toluene  Low-Lag  Type  of.  P.  E.  Snyder  and  Harry 

Seitz . 126 

Thermostat  Bath  for  Low  Temperatures.  E.  L.  Ruh,  G.  E.  Conklin, 
and  J.  E.  Curran .  451 


Thermostat  System  with  Adjustable  Voltage.  W.  C.  Griffin . 

Thiamine  Estimation  in  Urine  by  Rapid  Field  Method.  R.  E.  Johnson, 

Frederick  Sargent,  P.  F.  Robinson,  and  F.  C.  Consolazio . 

Thief.  See  Sampling  Apparatus. 

Thorium  Nitrate  Titration  of  Fluoride.  M.  P.  Matuszak  and  D.  R. 

Brown . 

Thyroid,  Iodine  Determination  in,  by  Cerate  Oxidimetry.  D.  T. 

Englis  and  A.  A.  Knoepfelmacher . 

Tin  Alloys,  Copper  Determination  in.  J.  J.  Lingane . 

Tin  Plate  Performance  under  Service  Conditions  Predicted  by  Tests. 

D.  W.  Sawyer  and  R.  B.  Mears . 

Titanium  Determination 

Spectrographic  Sensitivity  in  Direct  Current  Arc.  D.  P.  Norman 

and  W.  W.  A.  Johnson . 

in  Steel  by  Photoelectric  Colorimetry.  Oscar  Milner,  K.  L.  Proctor, 

and  Sidney  Weinberg . 

in  Steel  by  Spectrophotometry.  Alfred  Weissler . 

with  Vanadium  and  Molybdenum  Simultaneously.  Alfred  Weissler 
Titanium  Dioxide  Pigments.  See  following  Hem. 

Titanium  Pigments,  Alumina  Determination  in.  Irvin  Baker  and 

George  Martin . • . 

Titration  of  Microgram  Samples.  A.  G.  Loscalzo  and  A.  A.  Benedetti- 

Pichler . 

Ti trimeter  of  Thermionic  Alternating-Current  Type  with  Adjustable 

Range  and  Sensitivity.  E.  M.  Buras,  Jr.,  and  J.  D.  Reid . 

TNT  Determination  in  Waste  Waters  by  Spectrophotometric  Method. 

C.  C.  Ruchhoft  and  W.  G.  Meckler . 

7-Tocopherol  Determination  in  Vegetable  Oils.  G.  S.  Fisher . 

o-Tolidine  for  Chlorate  Determination  in  Caustic  Soda  Solutions  by 

Colorimetry.  Dwight  Williams  and  G.  S.  Haines . 

Toluene  Thermoregulator  with  Low  Heat  Lag.  P.  E.  Snyder  and 

Harry  Seitz . 

Tomatoes,  Ascorbic  Acid  Determination  in,  and  in  Tomato  Juice  by 
Indophenol-Xylene  Extraction.  W.  L.  Nelson  and  G.  F.  Somers.  . 
Tomatoes,  Canned,  Vitamin  Content  by  Different  Methods  of  Assay. 

N.  B.  Guerrant,  M.  G.  Vavich,  and  O.  B.  Fardig . 

Train,  Micro-,  for  Determination  of  Carbon,  Hydrogen,  and  Chlorine 
in  Gaseous  Compounds.  E.  W.  Balis,  H.  A.  Liebhafsky,  and  L.  B. 

Bronk . 

l-Trichloro-2,2-bis(p-ehlorophenyl)  ethane.  See  DDT. 

Tryptophan,  Acrolein  Microdetermination  with.  S.  J.  Circle,  Leonard 

Stone,  and  C.  S.  Boruff . 

Tryptophan  Determination  in  Protein.  W.  C.  Hess  and  M.  X.  Sullivan 
Tung  Oil,  a-Eleostearic  Acid  Determination  in,  by  Spectrophotometry. 

R.  T.  O’Connor,  D.  C.  Heinzelman,  A.  F.  Freeman,  and  F.  C.  Pack 
Turpentine,  Steam-Distilled,  Detection  in  Gum  Spirits  of  Turpentine. 

S.  R.  Snider . 

TVA.  See  Ammonia  Synthesis. 


u 

Ultramarine  Blue  Microscopic  Identification  in  Complex  Pigment  Mix¬ 
tures.  I.  M.  Bernstein . 

Uranium  Microdetermination  in  Minerals  by  Fluorescent  Bead  Test. 

M.  A.  Northup . 

Urine,  Vita  min  Estimation  in,  by  Rapid  Field  Methods.  R.  E.  John¬ 
son,  Frederick  Sargent,  P.  F.  Robinson,  and  F.  C.  Consolazio . 
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Vacuum 

Drying  Apparatus  for  Unstable  Polymeric  Materials.  A.  R.  Kemp 

and  W.  G.  Straitiff . 

Gage  of  McLeod  Type,  Effect  of  Water  Vapor  on.  E.  W.  Flosdorf 
High-Vacuum  Systems,  Oil-Sealed  Spherical  Joints  for.  C.  E.  Thorp 

and  H.  L.  Landay . . . . 

Sampling  Device  for  Liquids  and  Suspensions.  W.  J.  McBride  and 

L.  N.  Preston . 

Valves  of  Sintered  Glass,  for  Spectrometer  Calibration  and  for  Prepar¬ 
ing  Known  Mixtures.  R.  C.  Taylor  and  W.  S.  Young . 

Valves  of  Small  Packless  Type.  W.  S.  Young . 

Vanadium  Determination  with  Titanium  and  Molybdenum  Simul¬ 
taneously.  Alfred  Weissler . 

Vanadium,  Spot  Test  Specific  for.  Gilbert  Ashburn  and  J.  H.  Reedy. 

(Correction,  434.) . ._ . 

Vanilla  Extract,  Caramel  Determination  in.  G.  E.  Mallory  and  R.  F. 

Love . 

Vapor  Pressure  Determination  of  One  Drop  of  Pure  Liquid.  Samuel 

Natelson  and  J.  L.  Zuckerman . 

Varnish  Films,  Modulus  of  Elasticity  Determined  for.  H.  G.  Steffens 
(See  also  Paint.) 

Vegetable  Oils,  7 -Tocopherol  Determination  in.  G.  S.  Fisher . 


Vegetables 

Dehydrated,  Sulfur  Dioxide  Determination  in.  J.  B.  Thompson  and 

Elizabeth  Toy . 

Starch  Determination  in,  by  Rapid  Method.  J.  P.  Nielsen  and 

P.  C.  Gleason . 

Vitamin  C  Determination  in,  by  Polarography.  W.  S.  Gillam . 

Vessels,  Macro-  and  Micro-,  for  Polarographic  Analysis.  Alois  Langer 
Vinegar,  Caramel  Determination  in.  G.  E.  Mallory  and  R.  F.  Love.  . 
Vinyl  Chloride  Polymer  and  Copolymer  with  Vinyl  Acetate,  Oven  for 
Measuring  Volatility  of  Plasticizers  for.  D.  K.  Rider  and  J.  K. 

Sumner . . . . 

4-Vinyl-l-eyclohexene  (Butadiene  Dimer)  Determination  in  Recycle 
Styrene.  H.  A.  Laitinen,  A.  S.  O’Brien,  and  Stanley  Wawzonek.  . 
Viscometer  of  MacMichael,  Temperature-Control  Device  for.  W.  A. 

Rice . 

Viscose.  See  Rayon.  . 

Viscosity  Determination  at  Low  Temperatures,  Thermostatic  Bath  for. 

E.  L.  Ruh,  G.  E.  Conklin,  and  J.  E.  Curran . 

Viscosity,  Plastometer  of  Cutting-Wire  Type  for  Measurement  of. 

L.  L.  Lyon  and  R.  D.  Void . 

Vitamins 

A,  Analysis  in  Fish  Liver  Oils.  H.  M.  Kascher  and  J.  G.  Baxter.  .  . 
A,  Correlation  of  Spectrophotometric  and  Colorimetric  Methods  with 
Multiple-Level  Bioassays.  B.  L.  Oser,  Daniel  Melnick,  Morton 

Pader,  Roslyn  Roth,  and  Mona  Oser . 

A,  Estimation  in  Mixed  Feeds  by  Chromatography.  M.  L.  Cooley, 

J.  B.  Christiansen,  and  C.  H.  Schroeder . 

A,  2-Phenylazo-p-cresol  as  Photometric  Standard  for.  H.  R.  Kreider 
A,  Standards  in  Assays  of.  U.S.P.  Cod  Liver  Oil  vs.  /3-Carotene. 

E.  C.  Callison  and  Elsa  Orent-Keiles . . . ■  - 

Biotin  Microbiological  Assay,  Growth  Stimulants  for.  V.  R. 
Williams  and  E.  A.  Fieger . . 


67 

384 

100 

393 

640 

1 

233 

142 

775 

695 

488 

187 

120 

430 

224 

538 

126 

754 

710 

56 

259 

717 

467 

107 


262 

664 

384 


387 

198 

741 
672 

811 

742 

695 

63 

631 

739 

417 

224 


612 

131 

217 

454 

631 


730 

769 

676 


451 

585 

499 


559 

689 

694 

378 

127 


C  (Ascorbic  Acid)  Determination 

in  Fruit  and  Vegetables  by  Polarographic  Method.  W.  S.  Gillam 
in  Presence  of  Interfering  Reducing  Substances.  A.  P.  Stewart, 

Jr.,  and  P.  F.  Sharp . 

in  Tomato  and  Tomato  Juice.  W.  L.  Nelson  and  G.  F.  Somers.  . 
in  Canned  Foods 

Ascorbic  Acid  Determination  in  Fresh  Green  Peas.  M.  G.  Vavich, 

R.  M,  Stern,  and  N.  B.  Guerrant . 

Contents  Compared  by  Different  Methods  of  Assay.  N.  B.  Guer¬ 
rant,  M.  G.  Vavich,  and  0.  B.  Fardig . 

Carotene  and  Chlorophyll  Determination  in  Plants.  R.  B.  Griffith 

and  R.  N.  Jeffrey . 

Dj  and  D3  and  Their  Provitamins,  Colorimetric  Reaction  of.  A.  E. 

Sobel,  A.  M.  Mayer,  and  Benjamin  Kramer . 

Frozen  Standards  for.  O.  E.  Stamberg  and  D.  W.  Bolin . 

Pantothenic  Acid  Microassay  with  Lactobacillus  arabinosus  17-5. 

E.  H.  Hoag,  H.  P.  Sarett,  and  V.  H.  Cheldelin . 

in  Pharmaceutical  Products,  Determination  of  Physiological  Avail¬ 
ability  of.  B.  L.  Oser,  Daniel  Melnick,  and  Melvin  Hochberg.  .  . 
Retention  in  Blanched  Carrots.  Alcohol-Insoluble  Solids  as  Refer¬ 
ence  Base.  F.  A.  Lee . 

Riboflavin  Determination 

in  Eggs  by  Fluorometric  Method.  W.  J.  Peterson,  R.  S.  Dear- 

styne,  R.  E.  Comstock,  and  Virginia  Weldon . 

with  Enzyme.  Lawrence  Rosner,  Evelyn  Lerner,  and  H.  J.  Can¬ 
non . 

in  Low-Potency  Foods  and  Feeds.  S.  H.  Rubin,  E.  De  Ritter, 

R.  L.  Schuman,  and  J.  C.  Bauernfeind . . 

Riboflavin,  Thiamine,  and  TW-Methylnicotinamide  Estimated  in 
Urine  by  Rapid  Field  Methods.  R.  E.  Johnson,  Frederick  Sar¬ 
gent,  P.  F.  Robinson,  and  F.  C.  Consolazio . 

Voltmeter,  Alternating-Current  Operated,  for  Use  as  Titrimeter,  pH 
Meter,  and  D.C.  Voltmeter.  E.  M.  Buras,  Jr.,  and  J.  D.  Reid.  .  .  . 

w 

■Washer  for  Pipets.  J.  H.  Jordan,  Jr . 

Wastes.  Recovery  Acid  Analysis  by  Spectrography.  Thomas  White- 

head,  Jr.,  and  E.  V.  Williams . 

Wastes,  TNT  Determination  in,  by  Spectrophotometry.  C.  C.  Ruch- 

hoft  and  W.  G.  Meckler . 

Water 

Boiler,  Nitrate  Determination  in,  by  Brucine  Reagent.  C.  A.  Noll 
Calcium  and  Total  Hardness  Determined  in,  by  Nephelometric- 

Photometric  Procedure.  Abraham  Saifer  and  F.  D.  Clark . 

Determination 

in  Dry  Food  Materials  by  Fischer  Volumetric  Method.  C.  M. 

Johnson . 

with  Fischer  Reagent  by  Micromethod.  G.  B.  Levy,  J.  J.  Mur- 

taugh,  and  Maurice  Rosenblatt . 

in  Hydrocarbon  Gases.  Harry  Levin,  Karl  Uhrig,  and  F.  M.  Rob¬ 


in  Naval  Stores  Products  by  Fischer  Method.  V.  E.  Grotlisch 

and  H.  N.  Burnstein . 

in  Oils.  M.  M.  Acker  and  H.  A.  Frediani.  . _ . 

in  Petroleum  Liquid  Fractions.  O.  T.  Aepli  and  W.  S.  W.  Mc¬ 
Carter  . . 

Fluoride  Determination  in,  by  Zirconium-Alizarin  Method.  W.  L. 

Lamar . . 

Humidity  Equilibrium  Measurement.  J.  F.  Vincent  and  K.  E. 
Bristol . 
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Oxygen  Determination  Dissolved  in.  Richard  Pomeroy  and  H.  D. 

Kirschman .  715 

Saturation  Determination  of  Protein  Plastics.  E.  F.  Mellon .  743 

TNT  Determination  in,  by  Spectrophotometric  Method.  C.  C. 

Ruchhoft  and  W.  G.  Meckler .  430 

Waxes  from  Petroleum,  Classification  of.  Anthony  Kinsel  and  Joseph 

Phillips .  152 

Whisky,  Caramel  Determination  in.  G.  E.  Mallory  and  R.  F.  Love. .  631 

Wijs  Solution.  See  Iodine  Number. 

Wine,  Caramel  Determination  in.  G.  E.  Mallory  and  R.  F.  Love. .  . .  631 

Winkler  Method.  See  Oxygen,  Dissolved. 

Wood 

Coniferous,  Hemicellulose  Isolation  from.  L.  E.  Wise .  63 

Sugar  Content  Estimated  by  Quantitative  Method.  J.  F.  Saeman, 

J.  L.  Bubl,  and  E.  E.  Harris .  35 

Sugars,  Analysis  of.  J.  F.  Saeman,  E.  E.  Harris,  and  A.  A.  Kline.  .  95 

Turpentine,  Steam-Distilled,  Detection  in  Gum  Spirits  of  Turpentine. 

S.  R.  Snider .  107 

X 

Xenon  plus  Krypton  Determined  in  Natural  Gases  and  in  Atmosphere. 

G.  H.  Cady  and  H.  P.  Cady .  760 

X-Ray  Diffraction,  Calcium  Phosphates  Studied  by.  W.  F.  Bale,  J.  F. 

Bonner,  H.  C.  Hodge,  Howard  Adler,  A.  R.  Wreath,  and  Russell  Bell  491 
d-Xylose  Microdetermination  by  Selective  Fermentation.  L.  E.  Wise 

and  J.  W.  Appling .  182 

Y 

Ytterbium  Extraction  from  Rare  Earths  with  Sodium  Amalgam. 

Therald  Moeller  and  H.  E.  Kremers .  798 

Yttrium  Earths  Separated  from  Terbium  Earths  by  Double  Sodium 
Sulfate  Precipitation.  Therald  Moeller  and  H.  E.  Kremers .  44 


z 


Zinc 

Determination 

in  Aluminum  Alloys.  I.  M.  Kolthoff  and  George  Matsuyama. .  .  615 

in  Brass  Plating  Baths  and  Electrodeposits  by  Electrolysis.  A.  S. 

Miceli  and  R.  E.  Mosher . .  .  . .  377 

in  Magnesium  Alloys  by  Electrodeposition  with  Buffered  Solutions. 

T.  F.  Boyd,  George  Norwitz,  and  Sidney  Weinberg .  472 

in  Magnesium  Alloys  by  Spectrography.  B.  L.  Averbach .  341 

in  Phosphate  Coatings,  Simultaneously  with  Iron.  Jacob 

Knanishu  and  Thomas  Rice . 444 

in  Steel  by  Colorimetric  Micromethod.  L.  G.  Bricker,  Sidney 

Weinberg,  and  K.  L.  Proctor .  661 

Ore.  Microanalysis  of  Sphalerite  from  Sweden.  Anna-Greta 

Hybbinette .  654 

Performance  under  Service  Conditions  Predicted  by  Tests.  D.  W. 

Sawyer  and  R.  B.  Mears . ; .  1 

Zinc  Oxide  Particle  Study  by  Light  and  Electron  Microscopy.  D.  G. 

Brubaker .  184 

Zirconium-Alizarin  Method  for  Fluoride  Determination  in  Water. 

W.  L.  Lamar . 148 

Zirconium  Spectrographic  Sensitivity  in  Direct  Current  Arc.  D.  P. 

Norman  and  W.  W.  A.  Johnson .  233 
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